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ABSTRACT 

 
 
The purpose of this research was to investigate the implementation of Thinking Science professional 

development in five high schools over two years, and the effects of this on levels of student 

cognition and teachers’ approach to pedagogy. 

 

The research design was based on approaches to Grounded Theory, and both qualitative and 

quantitative procedures were used. The time spent on professional development, such as 

professional learning, classroom coaching and the development of effective collegiality, varied 

within each school. The cognitive level of participating students was assessed at the beginning and 

end of the two-year investigation when they were in Year 7 and Year 8 respectively. In each school, 

two in-depth case studies which included classroom observations, classroom coaching, and 

interviews were conducted. Principals, deans of curriculum, and heads of science were also 

interviewed. 

 

Over the two years of the intervention, little change in teacher pedagogy was observed and, except 

for male students in one school, the effect size indicated no significant improvement in student 

cognition. The majority of teachers demonstrated little or no understanding of cognition and its 

significance for teaching and learning or how to use evidence-based approaches to stimulate its 

development. Teachers developed very little awareness of social construction and metacognition, or 

how to use these approaches to establish and use effective small group and whole class discussion. 

Complex factors in each school prevented the implementation of effective professional 

development through which teachers could learn these new pedagogical skills. School leaders 

demonstrated little understanding of the evidence-based characteristics of effective professional 

development such as unity of vision amongst participants, an understanding of the purpose of 

particular professional development, the promotion of effective collegiality and the active 

involvement of all levels of management. Moreover, there was no demonstrated understanding from 

participants, at any level, of the need for long-term professional development, including time to 

plan, classroom coaching, opportunities to practice new pedagogical approaches and on-going 

evaluation of the effects of particular professional development. 

 

The implications of the findings include that, while undertaking whole-school professional 

development, teachers and senior school management need to reflect on personal beliefs and the 
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impact these have on attitudes and approaches to teaching and learning. Effort needs to be given to 

improved communication and trust through the development of effective collegiality and 

professional learning communities. Senior school management, heads of science and teachers 

require access to high quality, evidence-based pedagogy. It makes little sense that educational 

research is available, to a very large extent, only to those enrolled in a university course. Access to 

evidence-based research findings, which provide systematic evaluation of the successes and failures 

of interventions, is essential for both the improvement of professional development and of teaching 

and learning. 
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Chapter One 

Introduction 

 
1.1 Overview 

The need for students to think may be mentioned in science curriculum documents (ACARA, 2018; 

Ministry of Education, Ontario, 2013; The Curriculum Development Council, Hong Kong, 2017). 

For example, the Australian National Curriculum indicates where critical and creative thinking can 

be used—but, how peer-reviewed research informs how thinking can be taught and developed 

effectively, and its impact on student learning, are matters which from my observation and reading, 

are rarely discussed in schools or referred to in curriculum documents (ACARA, 2018; Adey, 

2006). This chapter describes my interest in the development of cognition, or thinking, and how this 

interest led to an appreciation of the crucial relationship between cognition, learning and the 

effective professional development of teachers, which together form the basis of this thesis. 

 

In this chapter, the substantive area, aim and purpose of the investigation, and the rationale from 

which they are derived, are described. There is a brief outline of the original research, Cognitive 

Acceleration in Science Education (CASE) (Shayer and Adey, 1981) and Thinking Science (Adey & 

Shayer, 1994) on which this investigation is based. The effects of the development of cognition on 

learning and economic outcomes are described with reference to the research literature. The 

relevance of Thinking Science to the Australian National Curriculum (ACARA, 2014a) and the 

Australian Professional Standards for Teachers (Australian Institute for Teaching and Leadership, 

2018) is considered. The significance and originality of this investigation, researcher bias, setting of 

the investigation and structure of each chapter are outlined. 

 

1.2 The motivation which drove this investigation 
 
I taught in secondary schools for 35 years and my experience of professional development was 

consistent over that time.  

 

Two sources of professional development were always available: whole school professional 

development organised by the senior school management at the beginning or end of a term, and a 

day or two away from school over the year so that teachers could attend professional development 
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specific to their needs. Teachers were not consulted about whole school professional development 

and information was expected to be absorbed on the day and then implemented in classrooms. 

 

More recently, teachers have been expected to use evidence-based pedagogy and professional 

development. However, unless enrolled in a university course, teachers in schools rarely have 

access to the researched evidence stored in university libraries. Evidence which supported the 

claims of professional development programs and the skills to evaluate any available evidence were 

never discussed or made available to teachers. This left senior school management and teachers 

open to fads and vulnerable to advertising, spurious claims and quick-fix solutions. 

 

This research is based on Thinking Science, a well-researched program which develops student 

cognition and thus, the ability of students to think critically and in more complex ways. From my 

point of view, as a teacher, this program was the most effective approach to teaching science and 

stimulating the ability of students to think and participate that I experienced during my career. The 

original research had a large sample size and control, it was repeated three times, attention was 

given to validity and reliability and its long-term effects. Through this program I also learnt how to 

teach students to work effectively in a small group and have an effective and inclusive whole class 

discussion. In addition, I learnt how to develop teaching skills through effective collegiality and 

classroom coaching. 

 

I remain puzzled that many of the programs used to stimulate and teach students to think are based 

on programs which have no evidence to support them whilst this well-researched program has been 

relatively neglected. 

 

1.3 The rationale on which this investigation is based 

There is widespread concern about the approach to teaching and learning in science in developed 

nations in Europe, the United Kingdom and the United States, as well as in Australia. These 

concerns relate particularly to the decline in the study of the physical sciences (Goodrum & Rennie, 

2007; Kennedy, Lyons & Quinn, 2014; Palmer, Burke & Aubusson, 2017), students’ lack of 

engagement in science classes, their perceptions regarding the irrelevance of school science to their 

own experiences (Aikenhead, 2006; Kervinen, Roth, Juuti & Uitto, 2020) and the use of pedagogy 

that does not involve them in the learning process (Goodrum et al., 2012; Goodrum & Rennie, 

2007). 
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For 45 years, the commitment of the majority of science teachers to transmission teaching and rote 

learning has been observed and recorded (Barnes, 1976; Goodrum et al., 2012; Scholes et al., 2021; 

Sutton, 1992; Tytler, 2007). This is an approach to pedagogy in which students are not actively 

engaged in thinking about concepts and justifying or reflecting on their thinking or that of their 

peers, but are the passive recipients of teacher explanations, copied notes, closed questions and 

recipe-style practical work. Over this time, research has demonstrated that transmission teaching is 

not successful in producing a scientifically literate society in which the majority can understand and 

think critically about scientific concepts and express a lifelong desire to learn about the ideas and 

discoveries of science (Adey & Shayer, 1994; Barnes & Todd, 1995; Goodrum et al., 2001; 

Patfield, Gore & Harris, 2022; Yore et al., 2003). 

 

Calls for changes in pedagogy in science education have a long history (Barnes et al., 1986; 

Goodrum & Rennie, 2007; Fullan, 2015; Odden, Marin & Rudolph, 2021). As Tytler (2007, p.189) 

notes: 

 

… for three decades there has been an awareness of the lack of success of traditional 

transmission teaching in addition to the failure of curricula to engage students in science 

classes. 

 

In over 25 years during which governments have become increasingly concerned about the quality 

of student outcomes and their relationship to economic productivity, there have been at least twenty 

government reports related, in part, to this concern (Rowe, 2003). As Ramsey commented (Ramsey, 

2000, p. 28): 

 

No other profession in the nation has been the subject of so much inquiry, nor had so many 

recommendations made about it, in terms of the preparation and education of its members as 

has teaching, yet made so little progress. 

 

The importance and wider recognition of the need for effective professional development, which 

leads to change from transmission teaching to a well-researched and evaluated enquiry pedagogy in 

science classrooms, is demonstrated by the recent efforts of a number of Australian jurisdictions to 

attempt to deliver effective professional development which enables teachers to improve the 

learning outcomes of their students. Examples include the School Innovation in Science Program 

(SIS) and the Middle Years Pedagogy Research and Development project (MYPRAD) in Victoria 
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(Tytler, 2007), the NSW Quality Teaching Model, the study of Systemic Implications of Pedagogy 

and Achievement for NSW Public Schools (SIPA) (Gore & Ladwig, 2006), the Catholic Education 

Commission of Victoria’s Science Teaching and Learning Project (Berry et al., 2008) and the 

federal government’s Quality Teacher Program (Gore, 2019; Gore, Lloyd et al., 2017; Meiers & 

Ingvarson, 2006). Each model of professional development attempts to clarify the complex 

conditions within which effective professional development can take place. However, some 

commentators consider that research has not yet produced clear guidelines for effective professional 

development (Fullan, 2015; Ingvarson, 2002) despite the recognised need and an annual 

expenditure, worldwide, of billions of dollars. In 2006, Gore and Ladwig (p.1) noted that: 

 

While there is wide recognition of the central importance that teachers’ professional 

development plays in the overall endeavour to improve students’ school experiences and 

outcomes, there is remarkably little research that provides a broad empirical basis for drawing 

inferences about the link between teachers’ professional development and improved teaching 

practice. 

 

Thus, although research has indicated over many years that changing the approach to pedagogy in 

science classes is desirable, how to effect this change has remained a persistent problem. For 

example, a study by Goodrum and Rennie (2007) which included information about approaches to 

pedagogy in science classes in Australian schools indicated that, over the years since their first 

study in 2001, there had been no significant progress in the remediation of aspects of science 

teaching which were resulting in less than adequate student learning outcomes (Thomson, Wernert, 

et al., 2017; Thomson, De Bortoli, et al., 2017). This was supported by TIMMS results in 2015, 

which showed no significant improvement in learning outcomes for Year 8 science students in 

Australia between 1995 and 2015. However, results improved in 2019 and, at the same time there 

was some evidence that an approach to professional development which could be used successfully 

in schools and across schools to improve student outcomes in science may have been developed 

(Gore, 2019; Gore, Harris & Miller, 2020; Gore & Rosser, 2020). 

 

It is acknowledged that, if any aspect of student outcomes is to improve, teachers’ learning must 

also improve, as the two are linked (Adey et al., 2004). Teachers have, themselves, generally learnt 

from the methods of transmission teaching and find understanding and using enquiry approaches, 

such as Thinking Science, for example, challenging and difficult (Penuel et al., 2007). 
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More recently researchers such as DuFour et al. (2010), Fullan (2015) and Fullan & Quinn (2016) 

have analysed reasons why the introduction of changes to pedagogical approaches in schools has 

been so difficult to achieve (Gore, Lloyd, et al., 2017). Over the years from 1990 to the present, 

researchers have analysed the challenges and found that even slight changes to a well-researched 

professional development program can have profound, negative consequences to successful teacher 

learning (Gore, 2019). On the other hand, the use of such programs, with fidelity to the research, 

has been observed to benefit teacher learning (Adey, 2004; Park & Suk, 2014). 

 

1.4 The aim of the investigation 

The substantive area from which the aim and purpose of the investigation is derived was: evidence-

based pedagogy that develops student cognition. 

 

The aim of this investigation, drawn from the substantive area, was: 

 

to deliver Thinking Science professional development over a period of two years, and 

support science teachers to become fluent in evidence-based pedagogy which has been 

shown to stimulate the development of student cognition or thinking abilities. 

 

Thinking Science professional development grew from research into CASE. CASE was developed 

in the 1970s from research into the cognitive demand of Nuffield science courses. This research 

indicated that approximately 75 per cent of students were unable to think at a cognitive level which 

would enable them to understand many of the scientific concepts presented in their science classes 

(Shayer, 1974, 1978a, 1978b; Shayer, et al., 1976). CASE research was undertaken by Shayer and 

Adey over a period of 25 years, between the late 1970s and 2003. As a result of their research, 

Thinking Science, a teaching and learning intervention which aimed to stimulate students’ 

cognition, was developed between 1984 and 1987, with a further edition in 2003. Thinking Science 

professional development, delivered to teachers over a period of two years, is evidence-based and 

provides teachers with well-researched and evaluated pedagogy which can assist them to develop 

student cognition, or thinking abilities, and inquiry learning in general. It is designed to support 

teachers over two years as they become fluent in the new pedagogical skills through classroom 

practice, coaching and the development of effective collegiality amongst all stakeholders, i.e., 

students, members of the science department and senior school management. 
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A mixed methodology based on Grounded Theory (Glaser & Strauss, 1967) was used in this 

investigation. This is described in detail in Chapter 3. To carry out this research, it was necessary to 

deliver Thinking Science professional development with fidelity (Adey et al., 2004). Research 

indicates that the ability to do this depends, to a large extent, on the knowledge and attitudes of 

senior school management, heads of science and science teachers (Adey et al., 2004; Fullan, 2015; 

Gore, 2019; The Wallace Foundation 2013). From the outset, I experienced difficulties in 

establishing Thinking Science professional development in each of the five schools that had agreed 

to be a part of the investigation. For example, although the active involvement of principals in 

professional development has been demonstrated to be essential if it is to be effective—to improve 

teachers’ pedagogical skills and, as a result, the learning outcomes of their students (The Wallace 

Foundation, 2013)—none of the principals from the five participating schools acknowledged or 

responded to an invitation from the University of Western Australia to discuss the introduction into 

their school of the Thinking Science intervention and professional development. As a result, 

difficulties arising from the need to implement effective professional development, with fidelity, 

came to dominate this investigation. 

 

1.5 The purpose of the investigation 

The original purpose of the investigation was: 

 

To investigate the extent to which the Thinking Science intervention influenced the 

development of student cognition. 

 

In the early stages of the investigation, it was evident that the professional development of teachers 

was influenced by many different factors in each school (Adey et al., 2004; Fullan, 2015; Patfield, 

Gore & Harris, 2022.). It also became evident that the approach to professional development in each 

of the five schools was different from the approaches recommended in the research literature on 

which Thinking Science professional development is based (Adey et al., 2004; Bell & Gilbert, 1996; 

Borko & Putnam, 1995). 

 

It was not possible to address the original purpose of the investigation as the professional 

development could not be carried out with fidelity to the well-researched theory on which it is 

based. Thus, the purpose evolved: 
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To investigate, using Thinking Science professional development, the complex factors in 

each school which encourage or obstruct effective professional development. 

 

This involved analyses of the responses of senior school management (the principal and dean of 

studies) and members of the science departments to professional development in general, and to 

Thinking Science professional development in particular, and the impact of these responses on the 

ability of teachers’ ability to adopt new pedagogy which stimulates student cognitive development. 

The research questions, identified within the substantive area, aim and purpose were as follows: 

 

Research Question 1: 

In what ways did senior school management, heads of science and science teachers respond 

to the introduction and implementation of professional development in general, and the 

Thinking Science intervention and professional development in particular, in their schools? 

 

Research Question 2: 

To what extent did teachers implement the Thinking Science intervention in their classes? 

 

Over the two years, as well as providing professional development in the form of professional 

development days and on-going classroom coaching to support the acquisition of these new skills, I 

investigated the ways in which teachers were responding to both the professional development and 

the implementation of the intervention within their respective departments and their own classes, 

with a particular focus on two teachers who volunteered in each school. In addition, I investigated 

the responses of the principal, dean of curriculum and head of science particularly in relation to how 

their actions influenced the teachers’ response to this professional development.  

 

Further and more detailed information about the methodology is provided in Chapter 3.  

 

1.6 Thinking Science 

The Thinking Science intervention is an example of well-researched and evaluated enquiry 

pedagogy. Thinking Science professional development is, similarly, based on evidence related to 

effective professional development. The CASE research from which both were derived is based on 

Piaget’s theory of cognition, his constructivist theory of epistemology (Piaget, 1976) and on the 

constructivist research of Vygotsky (1978). This is described in detail in Chapter 2, the Literature 

Review. 
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The Thinking Science intervention and professional development is made up of 30 Thinking Science 

lessons designed: 

 

• as a part of the professional development program to assist teachers to learn to use particular 

pedagogical skills known to accelerate the development of cognition; and 

• to stimulate the development of student cognition and, thus, to stimulate students’ ability to 

think and to understand science. 

 

The Thinking Science intervention requires teachers to use a Thinking Science lesson once every 

two weeks over two years of schooling. Initially, this can present difficulties as the content of the 

Thinking Science lesson may not be explicitly included in the curriculum. Teachers are more likely 

to experience this as a problem if the curriculum is strictly mandated. A mandated curriculum, by 

the nature of its demands, may provide a reason for not attempting any change in pedagogy. To 

benefit from the advantages of an intervention, such as Thinking Science, the opportunity for change 

must be made available otherwise any success or positive change in pedagogical skills are unlikely 

(Adey, 1984). 

 

1.6.1 Thinking Science professional development 

To carry out this investigation, it was necessary to provide professional development to teachers so 

they could develop the pedagogical skills required by the Thinking Science intervention. The aim of 

Thinking Science professional development is to train teachers to use pedagogical skills which 

result in the stimulation of cognition by engaging students’ minds with challenging scientific 

problems. As students discuss these problems with their peers and teacher, they become aware of 

the thinking involved. As a result, understanding occurs at a deep level, and more complex and 

abstract scientific concepts become accessible to a wider range of students (Adey et al., 2003). The 

opportunity to participate actively in discussion and to understand scientific concepts more readily 

leads to a greater engagement of students. This pedagogical approach is different from what is 

generally considered to be good teaching and learning instruction in science classes. This is 

demonstrated in Figure 1, which compares the approach of the Thinking Science intervention with 

an instruction approach such as transmission teaching or rote learning. The first column identifies 

the characteristics of a lesson based on instruction. The second column identifies the characteristics 

of a lesson based on the Thinking Science intervention. 
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Instruction Intervention 

Good teaching and learning instruction Thinking Science intervention 

Carefully ordered Follow direction of argument 

Specific objectives Virtual objectives 

Small packets, reinforced Students often puzzled 

Lots of stuff delivered Not much stuff delivered  

Students have notes to revise Nothing obvious to show 

You know what you’ve covered Not sure what you have covered 

Relatively easy Seems dangerous 

Figure1.1 Comparison of the instruction and the Thinking Science intervention. (Reproduced from Adey et al., 2004, p. 23.) 
 
Changing the culture of teaching by introducing a paradigm shift in pedagogy is acknowledged to be a complex  
 
process (Adey et al., 2004; DuFour et al., 2010; Fullan, 2015; Gore, Mockler, Smith & Bowe, 2017; Gore,  
 
2019; Gusky & Huberman, 1995; Joyce & Showers, 1988; Newman & Associates, 1996; Smylie, 1995;  
 
Venthan, 2006). For example, increasing expenditure alone does not necessarily result in improvement, e.g.,  
 
Hanushek (2004) reported that in the 30 years between 1965 and 1995, expenditure per student in the United  
 
States increased threefold, in real terms, but led to no improvement in student outcomes and, therefore, in the  
 
quality of teachers and teaching.  
 

1.7 Evidence, evaluation and peer review 

Unlike many other programs related to thinking, Thinking Science and its professional development 

have been peer-reviewed and evaluated on a number of occasions both by their authors and by 

independent agencies. These evaluations have demonstrated that when the professional 

development is undertaken with fidelity to the research on which it is based, thinking abilities, or 

cognition, develop (Adey & Shayer, 1994; Shayer, 1999). When Timperley et al. (2007) 

investigated the most effective approaches to teaching and learning in science, Thinking Science 

was one of two programs adopted as a guide to excellence in teaching and learning in science 

classes. 

 

Students in schools in England, which had adopted Thinking Science, demonstrated improvements 

in the General Secondary Certificate of Education (GSCE) examination of 0.6SD in science, 0.5SD 

in mathematics and 0.9SD in English (Shayer & Adey, 2002). Thinking Science, through the 

development of cognition, has been shown to affect levels of achievement in other subjects, and is 
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therefore considered to have an effect on overall intellectual growth (Adey & Shayer, 1994). 

Improvements in GSCE examinations have been observed over all abilities. These results have been 

supported by individual evaluations of CASE (Higgins et al., 2007; OFSTED, 2008). 

 

1.8 Quality of teaching and its implications for learning and economic outcomes 

There is strong evidence to suggest that improvement in the quality of teaching is the most 

significant factor for the improvement of student outcomes (Gore, 2019; Hattie, 2003). The OECD 

(2010, p.17) states that an improvement of 0.5SD in mathematics and science performance at the 

individual level implies, by historical experience, an increase in annual growth rates of GDP per 

capita of 0.87 per cent. According to Hanushek and Woessmann (2010, 2012) an improvement of 

one standard deviation in mathematics and science scores results in an increase of two per cent in 

the growth of GDP per capita. Over a number of years, this results in very significant growth 

(Hanushek, 2004). Research literature which relates the economic outcomes of a nation to its 

educational outcomes emphasises that improvement in teacher quality also implies the ability of 

teachers to engage students through the active discussion of enquiry and to raise the cognitive level 

of their students (Hanushek, 2004; Adey & Shayer, 1994). 

 

1.9 Implications for the Australian National Curriculum 

The use of formal operational thinking by secondary science students is an underlying assumption 

in science syllabuses. For example, particular verbs that are indicative of this assumption are listed 

in the NSW Higher School Certificate Glossary and used in Higher School Certificate examination 

questions. Examples include: critically analyse, deduce, evaluate, explain, justify, synthesise (NSW 

Education Standards Authority, 2020). However, I have been unable to find a definition of formal 

operational thinking in syllabus documents or support documents (ACARA, 2018). Complex 

thinking is often referred to as higher order thinking, a term derived from Bloom’s Taxonomy for 

which there is no theoretical research base, evidence, peer review or evaluation (Bereiter & 

Scardamalia, 1998; Bloom et al., 1956). 

 

Teaching students critical and creative thinking skills at each stage of schooling is mandated in the 

Australian National Curriculum – General Capabilities (ACARA, 2018). It is assumed that teachers 

understand the pedagogy that can be used to teach these skills effectively and no researched, 

theoretical understanding on which to base this development is provided. For example, Bloom’s 

Taxonomy is embedded in the achievement standards and is assumed knowledge for all teachers 

implementing the curriculum (ACARA, 2018). References are made to learning styles (Coffield et 
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al., 2004; Newton & Miah, 2017; Willingham et al., 2015) Habits of Mind (Costa & Kallick, 2009) 

and Bloom’s Taxonomy (ACARA, 2015; Bloom et al., 1956; Marzano & Kendall, 2007), all of 

which have no evidence or peer-reviewed research papers to support them. 

 

The Australian National Curriculum (ACARA, 2018) provides directions about how critical and 

creative thinking are to be developed at each stage of schooling but there is no indication of the 

level of cognition required or the theories on which these directions are based, or how teachers are 

to go about teaching the thinking skills required. In many instances, formal operational thinking is 

required. This is evident in the following examples (ACARA, 2018): 

 

Years 7 and 8 

• Reflecting on thinking and processes: justify reasons for decisions when transferring 

information to similar and different contexts 

• Analysing, synthesising and evaluating reasoning and procedures: differentiate the 

components of a designed course of action and tolerate ambiguities when drawing 

conclusions 

 

Year 10 

• Identify and clarify information and ideas: clarify complex information and ideas 

drawn from a range of sources 

• Organise and process information: critically analyse independently sourced 

information to determine bias and reliability 

• Apply logic and reasoning: analyse reasoning used in finding and applying solutions, 

and in choice of resources 

 

What, then, can be said about the thinking abilities of the students in our classes? At what level of 

cognition do they operate as they progress through secondary school and what do these levels imply 

for teaching and learning? 

 

1.9.1 The relationship of Thinking Science to the Australian Professional Standards for 

Teachers 

Thinking Science professional development can be related to the Australian Professional Standards 

for Teachers (Australian Institute for Teaching & School Leadership, 2018) at the level of 
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Proficient. Thinking Science incorporates evidence-based pedagogical skills which teachers require 

to meet the following standards. Comments on each standard are based on research and information 

from The Professional Development of Teachers: Practice and Theory (Adey et al., 2004). 

 

Standard 1 – Know students and how they learn 

1.1 Use teaching strategies based on knowledge of students’ physical, social and intellectual 

development and characteristics to improve student learning. 

 

Comment: 

Thinking Science bases its strategies on knowledge of each student’s intellectual or cognitive 

development, indicated by the SRT results. 

 

Standard 1.5 – Develop teaching activities that incorporate differentiated strategies to meet 

the specific learning needs of students across the full range of abilities 

 

Comment: 

Thinking Science shows teachers how to differentiate teaching and learning using social 

construction which teaches students how to communicate effectively in groups. Each member of the 

group is able to express ideas at their level of understanding. This provides the opportunity to 

develop their understanding of challenging concepts through discussion, metacognitive questioning 

and the justification of their own thinking. 

 

Standard 3 – Plan for and implement effective teaching and learning 

3.1 Set explicit challenging and achievable learning goals for all students. 

 

Comment: 

Thinking Science is based on explicit challenges or cognitive conflict, which has been demonstrated 

to raise the level of student cognition. Learning goals are achievable for students through 

discussion, probing questioning and the justification of their understanding during social 

construction. 

 

3.3 Select and use relevant teaching strategies to develop knowledge, skills, problem-solving and 

critical and creative thinking. 
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Comment: 

The structure and pedagogy of Thinking Science lessons are designed to develop knowledge using 

student-centred skills for teaching and learning. The processes of social construction are based on a 

form of critical thinking: challenging questions, group discussion, metacognitive questioning and 

the justification of thinking. 

 

3.5 Use effective verbal and non-verbal communication strategies to support student understanding, 

participation, engagement and achievement. 

 

Comment: 

Thinking Science lessons depend on effective verbal and non-verbal communication, e.g., how to 

actively listen to others, how to have a discussion, how to ensure that all students participate, are 

engaged and contribute to personal and group achievements. 

 

Standard 4 – Create and maintain supportive and safe learning environments 

4.1 Establish and implement inclusive and positive interactions to engage and support all students in 

classroom activities. 

 

Comment: 

Thinking Science lessons are largely based on social construction which, through differentiation, is 

inclusive and student-centred involving positive interaction between students and the teacher in 

both small group and class discussions. All students are supported by being heard and understood 

by both the teacher and their peers. 

 

4.2 Establish and maintain orderly and workable routines to create an environment where student 

time is spent on learning tasks. 

 

Comment: 

When teachers have completed Thinking Science professional development with fidelity to the 

research, students are most likely to remain on task during lessons based on Thinking Science 

pedagogy. The pedagogy is designed so that teachers and students affirm one another through active 

listening. This is the basis of engagement in small group and class discussions. 
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Standard 5 – Assess, provide feedback and report on student learning 

5.2 Provide timely, effective and appropriate feedback to students about their achievement relative 

to their learning goals. 

 

Comment: 

Thinking Science lessons and pedagogy are based on constant assessment of ideas during group 

discussion. Both students and the teacher are required to provide justification of their thinking. This 

allows for effective and appropriate feedback between students and between teachers and students. 

 

Standard 6 – Engage in professional learning 

6.3 Contribute to collegial discussions and apply constructive feedback from colleagues to improve 

professional knowledge and practice. 

 

Comment: 

Thinking Science professional learning depends on the development of effective collegiality 

between members of the senior school management and the science department, and within the 

science department itself, to encourage ownership and constructive feedback from colleagues. This 

is known to increase the effectiveness of professional development. 

 

6.4 Undertake professional learning programs designed to address identified student learning needs. 

 

Comment: 

Thinking Science professional development addresses the need to develop the cognition of the 

school population to a level of formal operational thinking so that they can understand the 

multivariate and abstract concepts, theories and models of science. Its reliance on social 

construction enables teachers to understand the thinking of each student in the classroom, and thus 

identify their learning needs. 

 

1.10 The significance and originality of this investigation 

This investigation contributes to the on-going discussion about the provision of effective 

professional development within the complex contexts of schools (Adey et al., 2004; Fullan, 2015). 

In addition, it revisits the important relationship between cognitive development and the ability of 

students to engage in the learning of scientific concepts beyond rote and surface learning. It 

provides an opportunity to revisit and re-examine a successful professional development model, 
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such as Thinking Science professional development, within an Australian context. It also has the 

potential to alert academics, policy makers, senior school management and teachers to the existence 

of well-researched, well-evaluated and informative empirical research related to the development of 

cognition, or thinking, of which they may not otherwise be aware. 

 

The originality of the research lies in the length of time over which stakeholders were observed, 

their long-term attitudes to professional development, the way decisions were made, and the parts 

played by senior school management, heads of science, teachers and laboratory assistants as they 

attempted to adopt, or put an end to the intervention. The latter was carried out either actively, or as 

a result of failing to engage with other stakeholders, including myself, at critical times when the 

support of all stakeholders was required for the success of the project. 

 

1.11 Researcher bias in relation to this investigation 

Although I had been a teacher for many years, I entered this investigation as a novice. I had no pre-

formed ideas about what I would encounter, and I was very surprised by what I did encounter, as I 

attempted to deliver Thinking Science professional development and the intervention in five 

schools. For example, I was surprised to discover that, at the time, members of senior management 

required no additional qualifications for their work, and hence a principal or dean of curriculum 

would not necessarily know any more about theories related to the implementation of effective 

professional development in schools than I did as a teacher—and that was minimal when I began 

the investigation (The Good Universities Guide, 2010). 

 

I am interested in evidence-based teaching and learning. Throughout my career I found it difficult to 

access this information because, once a teacher leaves university, access to academic journals is 

difficult, or, without enrolment, impossible. When professional development programs are 

promoted in schools or other educational organisations, it is difficult, if not impossible, for teachers 

to access the theory on which the program is based, or even to discover if such a theory exists, or 

access peer reviews and evaluations of it. Thus, although teachers are exhorted to use evidence-

based practice, many teaching models commonly used in schools have no peer-reviewed or 

published evidence to support them, e.g., Thinking Hats (De Bono, 2008); Learning Styles 

(Coffield et al., 2004; Coffield, 2012); Bloom’s Taxonomy (Bloom et al., 1956; Krathwohl, 2002); 

Project Zero (De Luse, 2009); Habits of Mind (Costa & Kallick, 2009). The concept of a theory is 

often conflated with hypothetical thinking, e.g., the theory of multiple intelligences which is based 
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on hypotheses. Teachers rarely have the means to access the research, if any exists, on which these 

programs are based or to assess the quality of any researched evidence. 

 

1.12 The setting of the investigation 

The investigation took place in five schools in Sydney. The socio-economic level of each school 

was provided by the Index of Community Socio-Educational Advantage (ICSEA) scores displayed 

in Table 1.1 (ACARA, 2014a). 

 

The national average for each quartile of the ICSEA score is 25 per cent. The table includes, for 

each participating school, the percentage of students in each quartile. The first column lists each 

school with its assigned number. The second column indicates the gender of students in each of the 

schools. The third column contains percentages in the bottom quartile of socio-educational 

advantage. The fourth and fifth columns contain results for the two middle quartiles and the sixth 

column the top quartile. The final column lists the ICSEA score for each school. The table indicates 

that the majority of students in each school, except for School 1, were in the top quartile of socio-

educational advantage. 

 
Table 1.1 

ICSEA scores of participating schools 

School Gender Bottom 
Quartile 

Middle Quartiles Top 
Quartile 

ICSEA 
Score 

1 Co-ed 10 24 34 32 1066 

2 Co-ed 0 6 19 75 1174 

3 Boys 0 3 16 80 1183 

4 Girls 1 8 25 66 1145 

5 Girls 0 3 15 82 1193 

 

 

The original purpose of the ICSEA score was to enable comparisons to be made, amongst schools 

with a similar socio-educational profile, of the contribution of each school to student attainment 

identified from the results of the National Assessment Program – Literacy and Numeracy 

(NAPLAN). 
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ICSEA is calculated using information from the Australian Bureau of Statistics, such as student 

location, average income of households, parental employment and level of education, geographical 

location of the school and the proportion of indigenous students at each school. These factors are 

estimated to predict 56 per cent of the performance of students attending secondary schools. The 

ICSEA score is designed to provide an indication of the influence that these factors can be expected 

to have on student results based on reading and several forms of writing and numeracy. The 

remaining 44 per cent provides an indication of the influence of the school on the level of student 

attainment in these areas. The way in which ICSEA scores were calculated was revised in 2013 to 

account for the year-on-year fluctuations that occur in school populations. The values recorded here 

are based on these revised values (ACARA, 2014a). 

 

1.13 The structure of the thesis 

Chapter 2 

The literature review provides an overview of research which informs different aspects of this 

investigation. This includes Piaget and Vygotsky’s theories of the development of cognition; the 

development and structure of CASE; SRTs and the Thinking Science intervention, which is 

designed to stimulate the development of cognition in science classes; the professional development 

of teachers; the setting of the investigation and the structure of the thesis; Thinking Science 

professional development and the nature of teaching and learning in science. In some cases, 

research is sampled over a period of almost 50 years to demonstrate how some difficulties and 

problems have been evident over a long period of time. 

 

Chapter 3 

Chapter 3 describes the methodology of the investigation based on Grounded Theory as developed 

by Glaser (1998), Glaser and Strauss (1967) and Charmaz (2006). This methodology provides a 

framework which identifies the complex interaction of variables within a science department, and, 

in this investigation, elucidates variables which contribute to successful professional development 

and the implementation of new research-based pedagogy in the classroom. The identification of 

variables, the collection and analyses of data, using open and focussed coding, are reported in 

detail. The process of inducing hypotheses from core categories, sub-categories and their properties, 

and how these processes result in the emergent theory is described. Approaches to objectivity and 

confirmability such as observer and experimental bias, forcing data, internal and external validity 

and reliability, are also discussed.  
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Chapter 4 

Chapter 4 presents levels of cognition derived from SRTs II and IV which students completed at the 

beginning of the investigation in Year 7 and on its completion at the end of Year 8. The results from 

each school are analysed in relation to effect size and the level of use of the Thinking Science 

lessons in each school over the two-year course of the investigation. 

 

Chapter 5 

Findings, Research Question 1 

 

Research Question 1: 

In what ways did senior school management, heads of science and science teachers respond 

to the introduction and implementation of professional development in general, and the 

Thinking Science intervention and professional development in particular, in their schools? 

 

In Chapter 5 the data collected in relation to Research Question 1 are analysed using an identified 

core category, its sub-categories and their properties. Hypotheses are induced from these analyses. 

 

Chapter 6 

Emergent Theory, Research Question 1 

 

In Chapter 6 emergent theory relating to Research Question 1 is developed as solutions and 

suggestions from the hypotheses induced the analyses in Chapter 5. 

 

Chapter 7 

Findings, Research Question 2  

 

Research Question 2: 

To what extent did teachers implement the Thinking Science intervention in their classes? 

 

In Chapter 7 the data collected in relation to Research Question 2 are analysed using an identified 

core category, its sub-categories and their properties. Hypotheses are induced from these analyses. 

 

Chapter 8 

Emergent Theory, Research Question 2 
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In Chapter 8 emergent theory relating to Research Question 2 is developed from the hypotheses 

induced from data analysed in Chapter 7. 

 

Chapter 9 

Final Comments 

 

In this final chapter, the complex factors in the schools which prevented the implementation of 

effective professional development are identified and discussed. 

 

1.14 Conclusion 

In this chapter, I have described my interest in the development of cognition, or thinking, and the 

vital relationship between cognition and learning which forms the basis of this thesis. In addition, 

the chapter has outlined the following: the aim and purpose of the investigation; a brief description 

of the original research of Shayer and Adey (1981) which drove the investigation; the implications 

of particular forms of evidence-based teaching for the development of cognition, learning and 

economic outcomes; the relevance of Thinking Science to the Australian National Curriculum 

(ACARA, 2014b) and the Australian Professional Standards for Teachers (Australian Institute for 

Teaching and School Leadership, 2018), the significance and originality of the research; researcher 

bias; the setting of the investigation and the structure of each chapter in the thesis. 
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Chapter Two 

Literature Review 

 
2.1 Introduction 

The literature review presented in this chapter is divided into seven major sections which are 

described as follows. 

 

2.2 The development of cognition: The influence of Piaget and Vygotsky 

Cognitive Acceleration in Science Education (CASE) and Thinking Science are based on the 

theories of Piaget and Vygotsky. This section examines their contributions to theories of cognitive 

development. This includes Piaget’s concepts of concrete and formal operational thinking, his meta-

theory and its relationship to propositional logic and Vygotsky’s ideas about how social interaction 

contributes to the development of cognition.  

 

2.3 Student levels of cognition 

Observed student levels of cognition and their effect on the ability of students to understand 

scientific ideas are reviewed. The research by Shayer and his associates (1974, 1976, 1978) which 

resulted in the development of Class-tasks and SRTs which measure student levels of cognition is 

discussed. 

 

2.4 Curriculum Analysis Taxonomy (CAT) 

The development of the CAT and its use are outlined (Shayer & Adey, 1981). 

 

2.5 Cognitive Acceleration in Science Education (CASE) 

This includes a description of the five pillars of CASE by Shayer and his associates (1974, 1976, 

1978)—concrete preparation, cognitive conflict, social construction, metacognition and bridging—

and how they became an integral part of Thinking Science pedagogy. 

 

2.6 The Thinking Science intervention 

The Thinking Science intervention, which was developed from the CASE research, is described. 
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2.7 Professional development in schools 

Research related to professional development in schools is examined. This includes a brief history 

of the research and lists the factors which have been found to be most likely to result in effective 

professional development. In particular, these include the contribution of senior school 

management, teachers’ beliefs, collegiality, classroom coaching and support from quality materials. 

 

2.8 The Thinking Science model of professional development 

The Thinking Science model of professional development is described, demonstrating how it relates 

to the evidence of factors most likely to result in effective professional development. 

 

2.2. The development of cognition: The influence of Piaget and Vygotsky 

The research of Shayer and Adey (1981, 1992), related to CASE and the Thinking Science 

intervention, was based on the theories of cognition of both Piaget and Vygotsky and their 

constructivist theories of epistemology (Shayer & Adey, 1981; Piaget, 1973; Vygotsky, 1962; 

1978). The following is an outline of those theories. 

 

According to classical philosophy there is a division between the observer and the outside world. 

Perceptions are considered to be objective depictions of the outside world, recorded passively by 

the senses and encoded somewhere in the brain. This approach is described as realism (Bickard, 

1998). Piaget, on the other hand, views the acquisition of knowledge and the development of 

cognition from an evolutionary viewpoint, the result of structural and behavioural adaptations 

which enable the brain to assimilate stimuli and interact with objects to construct an understanding 

of the environment (Flavell, 1963; Marti & Rodriguez, 2012; Piaget, 1972b). This approach is 

described as constructivism (Furth, 1981). Piaget (1964b, p. 176) described these processes as 

active operations on objects by the brain: 

 

To know an object is to act on it. To know is to modify, to transform the object, and to 

understand the process of this transformation, and as a consequence, to understand the way 

the object is constructed. An operation is thus the essence of knowledge; it is an interiorized 

action which modifies the object of knowledge. For instance, an operation would consist of 

joining objects in a class, to construct a classification. Or an operation would consist of 

ordering, or putting things in a series. Or an operation would consist of counting, or of 

measuring. In other words, it is a set of actions modifying the object, and enabling the 

knower to get at the structures of the transformation.  
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According to Piaget (1964a), thinking develops from sensori-motor experiences which are 

internalised into what Piaget referred to as ‘schemata’, or cognitive structures. These are initially 

expressed verbally, and later as inner speech. Schemata are the structural and behavioural 

adaptations with which we build knowledge. They develop from the interaction of our brain and the 

environment and allow us to organise, interpret and use information which we have experienced 

(Piaget, 1952; Wadsworth, 2004). Piaget (1952, p.7), describes a ‘schema’ as: 

a cohesive, repeatable action sequence, possessing component actions that are tightly 

interconnected and governed by a core meaning. 

If our experiences are easily related to our schemata equilibrium has been reached and individuals 

can use their schemata to assimilate and respond to experiences. Disequilibrium, or cognitive 

conflict, occurs when an experience cannot be assimilated by existing schemata, which must be then 

modified to accommodate it. According to Piaget, disequilibrium stimulates the development of 

cognition through the continual modification of schemata (Flavell et al., 2002). When we 

experience disequilibrium, our minds work to accommodate the new challenge, often by clarifying 

ideas through discussion with others, or through the reflective processes of writing (Barnes & Todd, 

1977). As a result, a new equilibrium is created and cognition develops slowly to a higher level 

(Flavell et al., 2002; Piaget, 1955). According to Piaget (1964a), the development of cognition is 

also based on maturation, experience and all aspects of social interaction. Because experiences of 

equilibrium and disequilibrium do not occur at a constant rate, or necessarily in a linear fashion, 

cognitive development does not occur at a constant rate (Marti & Rodriguez, 2012). 

 

The Russian psychologist, Lev Vygotsky (1896–1934), carried out research into the development of 

cognition in the 1920s and 1930s. His ideas began to appear in the educational literature of the West 

in the 1960s, at about the same time as Piaget’s research was creating so much interest in 

educational circles. 

 

Vygotsky’s (1962) research also contributed to the development of constructivist models of 

teaching and learning. Like Piaget, Vygotsky did not conceive of reality as existing in absolute 

terms outside each one of us but considered that each person’s construction of reality is both a 

structural and behavioural adaptation, the result of an active, human process which uses social 

interaction to integrate new concepts into previous knowledge (Driver et al., 1994; Helou & 

Newsome, 2018; Marti & Rodriguez, 2012; Sutton, 1992).  
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Vygotsky considered that both learning and cognitive development are social processes (Adey & 

Shayer, 1994). In his view, cognitive development results from interaction between biological 

processes in the brain and social processes within a culture. From their cultural environment, 

including school, students absorb both what to think and how to think and this interacts with, and 

changes, the biological structures available in the brain. Thus, Vygotsky, like Piaget, emphasised 

the connection between students’ active participation in learning and cognitive development 

(Vygotsky, 1987). 

 

Like Piaget, Vygotsky concluded that cognition developed as a result of cognitive conflict. 

Vygotsky (1978) described cognitive conflict as occurring within the Zone of Proximal 

Development (ZPD). The ZPD occurs beyond the point at which learning and thinking occur with 

ease. He defined this as: 

 

the distance between the actual developmental level, as determined by independent problem-

solving, and the level of potential development, as determined through problem-solving 

under adult guidance or in collaboration with more capable peers (Vygotsky 1978, p. 86). 

 

In Vygotsky’s (1978) view, the only effective teaching takes place within the ZPD, and it follows 

that without teaching in this zone there will be no cognitive development. For individual students, 

the ZDP will constantly move with development, and it will not be the same for each student. This 

places the onus on the teacher to be sensitive to the learning levels of students, and to differentiate 

lessons accordingly. Learning can be differentiated effectively by using structured small group 

discussion, open questioning and reflective writing (Adey, 1999; Barnes & Todd, 1995). Vygotsky 

emphasised that knowledge and cognition are socially constructed through discussion and 

collaboration with more expert individuals, and through observations of the successful 

achievements of others. He emphasised the use of language as the mediator of thinking and learning 

(Vygotsky, 1962). 

 

Thus, the approach to teaching and learning, drawn from the research of Piaget and Vygotsky, 

challenges the exclusive use of ‘chalk and talk’ transmission teaching, in which the teacher 

transmits knowledge to be memorised and later reproduced in examinations (Adey & Shayer, 1994; 

Barnes, 1976). 
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Although Piaget is often viewed as discounting the influence of language on cognitive development, 

he also considered that social construction, including its linguistic aspects, and the need to 

communicate with other people to survive in a particular environment, contributed to the 

development of cognition (Inhelder & Piaget, 1958; Piaget, 1955). Vygotsky particularly stressed 

the role of language in the construction of knowledge and the development of cognition. According 

to Vygotsky (1978), people learn or construct understanding by listening and speaking in social 

groups. Vygotsky suggested that, as small children learn from interaction with more experienced 

adults, so school students learn by discussing new concepts with their peers and their teachers 

(Gouge & Yates, 2002). 

 

2.2.1 Piaget’s theory of cognitive development 

Piaget’s theory of cognitive development was based on over 45 years of empirical research and 

detailed observation. The stage model of cognitive development is often presented as central to his 

theory. However, Piaget’s research was directed not at identifying stages, or population norms of 

the age at which each stage of cognition develops, or at explanations of variation between 

individuals, but at the changes in the general patterns of cognitive development in humans which 

enable them to adapt to the external world (Bickhard, 1998; Piaget, 1976). For this reason, he was 

not concerned with a large, random and representative sample. However, the ages recorded by 

Piaget (Inhelder & Piaget, 1958) at which each stage is reached are frequently cited, incorrectly, as 

population norms (Furth, 1981). 

 

As Piaget researched children’s understanding of a particular phenomenon, he grouped similar 

responses together. The concept of stages was initially developed as a convenient way to classify 

the results of his research and, as a result, the sequence of qualitatively different responses, which 

occurred with an increase in age, could be clearly observed. Thus, Piaget developed the schemata 

which he classified into the sequential stages of: 

 

• sensori-motor; 

• preoperational; 

• concrete operational; and 

• formal operational. 
 

Each successive stage of cognition was observed to incorporate the capabilities required for the next 

structure to develop (Dawson et al., 2004). Table 2.1 summarises Piaget’s estimates of the ages at 
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which individuals could be expected to experience each stage of cognition. The first column lists 

the stage of cognition and the second lists Piaget’s estimate of the age at which an individual 

experiences each stage. 

 
Table 2.1 

Piaget’s estimates of the ages at which individuals experience stages of cognition 

Piaget’s Estimates 

Stage of cognition Estimate of age 

Sensori-motor 0–2 

Preoperational 2–7 

Concrete 7–11 

Formal operational 11–? 

 

 

This investigation focusses on the last three stages and is based on the need for students to have 

developed formal operational schemata to understand the multivariate, abstract nature of scientific 

thinking (Inhelder & Piaget, 1958; Inhelder & Piaget, 1964; Marti & Rodrigues, 2012), e.g., 

acceleration, air pressure, diffusion and the chemical law of definite composition, which require the 

ability to think using proportion; genetics which depends on combinatorial reasoning and 

probability; the testing of hypotheses which require the control of variables and the exclusion of 

irrelevant variables (Shayer & Adey, 1981). 

 

Evidence of the extent to which development from one stage to the other has been observed in 

subsequent research is fundamental to the validity of this aspect of Piaget’s theory. Examples of this 

evidence are outlined in a presentation by Piaget (1964a, p.21), in which he stated that: 

 

The average chronological ages, at which these stages appear, vary a great deal from one 

society to another. The ordering of these stages is constant and has been found in all the 

societies studied. It has been found in various countries where psychologists in universities 

have redone the experiments, but it has also been found in African peoples for example, in 

the children of the Bushmen, and in Iran, both in the villages and in the cities. However, 

although the order of succession is constant, the chronological ages of these stages vary a 

great deal … in the city of Teheran, they found approximately the same ages as we found in 

Geneva, but there is a systematic delay of two years in the children in the country. Canadian 

psychologists who redid our experiments, Monique Laurendeau and Father Adrien Pinard, 
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found once again about the same ages in Montreal. But when they redid the experiments in 

Martinique, they found a delay of four years in all the experiments and this in spite of the 

fact that the children in Martinique go to a school set up according to the French system … 

 

2.2.2 Concrete operational thinking 

According to Piaget, students who have reached the concrete operational stage think by using their 

senses to interact with or operate on aspects of objects they encounter around them (Piaget, 1971). 

This thinking is neither multivariate nor abstract, and therefore at this level of cognition, students 

can think about science only in very limited ways. For example, concrete operational thinkers can: 

 

• classify and place objects in an ordered series; 

• understand simple causal relationships where one cause is related to one effect, such as more 

heat causes temperature to rise; 

• use a simple associative model where one event causes another; 

• recognise the conservation of weight and volume towards the end of this stage; and 

• reverse operations, e.g., recognise that if temperature rises, more heat must be present, and 

that the reverse also holds true (Shayer & Adey, 1981, p.72). 

 

Tables 2.2 and 2.3 are derived from Table 9.2 Chemistry, pages 92 and 93 of Towards a Science of 

Science Teaching (Shayer & Adey, 1981). 

 

Table 2.2 describes the characteristics of student thinking as they develop through the early 

concrete operational stage. The stage is listed in the first column and the features related to the 

Kinetic Theory of Matter that students can understand at this stage are listed in the second column. 
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Table 2.2 
Early concrete stage of cognitive development (Based on Shayer & Adey, 1981) 

Thinking at the 
Early Concrete Stage 

Thinking Related to the 
Kinetic Theory of Matter 

Students can Students can 

interpret one feature at a time understand that a solid changes to liquid, 
liquid changes to gas, as separate pieces 
of information 

put objects in order but cannot use the 
information to sum up observations 

can order solid, liquid, gas but cannot use 
results from heating ice to conclude that 
increasing heat causes changes of state 

not produce a concrete model such as a 
skeleton that exhibits a one-to-one 
relationship, e.g., this bone is the ulna, 
this bone is the femur 

not draw a model of the states of matter 
and label each part solid, liquid and gas 

understand simple one factor causes understand that heat causes ice to melt; 
heat causes liquid to change to gas 

classify according to one major property 
such as size or shape 

classify solids as things that are hard, 
liquids as things that pour and gases as 
things that can be compressed 

 
 
Table 2.3 describes the characteristics of student thinking as they develop through the late concrete 

operational stage. The stage is listed in the first column and the features related to the Kinetic 

Theory of Matter that students can understand at this stage are listed in the second column. 

 
 

Table 2.3 
Late concrete stage of cognitive development (Based on Shayer & Adey, 1981) 

Thinking at the 
Late Concrete Stage 

Thinking Related to the 
Kinetic Theory of Matter 

Students can Students can 

use seriation to find out what happens understand that ice melts into water, 
water evaporates into steam 

use classification to find out what 
happens. This is generally how they 
describe reality but they depend less on 
one property 

describe that when heat is added solids 
can change to liquids. solids are hard and 
liquids pour 

particles in solids are close together and 
particles in liquids are not so tightly held 
together 
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structure experimental results if they 
have a concrete model 

use a concrete model: when heat is 
applied, a solid changes to liquid and then 
to gas 

structure experimental results: when heat 
is added ice changes to water and then to 
steam 

use bipolar concepts such as if this 
increases, then, this decreases; they can 
understand and use linear direct or 
inverse relationships  

state that heat causes the melting, cooling 
causes the freezing 

if heat increases melting increases 

account for the reason something occurs 
by describing categories or relationships 
rather than by providing a formal model 

grasp a simple kinetic theory picture of 
particles close together or far apart, but 
they cannot apply this model to explain 
experimental results such as when heat is 
added ice changes to water 

find one-to-one correspondences 
between two sets of readings  

state that when heat is added ice turns to 
water 

when heat is removed water turns back 
into ice 

use the idea of reversibility state that heat can be added, heat can be 
removed (cooling) 

conceptualise relationships between 
simple variables two at a time 

state that heat causes melting, heat causes 
evaporation 

 
 
2.2.3 Formal operational thinking 

Inhelder and Piaget state that “formal operational thought proceeds from a combination of 

possibility, hypothesis, and deductive reasoning, instead of being limited to deductions from the 

actual immediate situation” (Inhelder & Piaget, 1958, p.16). 

 

In Piaget’s (1971) view, formal operational thinking is not hereditary or the result of biological 

maturation and, unlike learning in the previous stages, is generally acquired not as a result of direct 

instruction or the use of rules (Adey, 1999) but as a result of considerable personal effort through 

the processes of cognitive conflict, social construction and metacognitive questioning. More recent 

research from evolutionary psychology has confirmed that the first three stages of cognitive 

development are observed across cultures, but that the final stage of formal operational thinking is 

relatively uncommon, generally observed only in cultures which include a process of formal 

education (Geary & Bjorklund, 2000). 
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Formal operational thinking is defined by ten schemata, described by Inhelder and Piaget (1958) 

from the results of detailed interviews with many children from the ages of five to 15. The schemata 

do not imply particular skills but, rather, demonstrate different aspects of what is now established to 

be an integrated structure of multivariate and abstract thinking (Shayer & Adey, 1981): 

 

• control of variables; 

• exclusion of irrelevant variables; 

• combinatorial thinking; 

• notions of probability; 

• notions of correlation; 

• coordination of frames of reference; 

• multiplicative compensation (moving one weight further from balance point counteracted by 

more weight on the other side); 

• equilibrium of physical systems; 

• proportional thinking; and 

• physical conservations involving models (e.g., displacement volume). 

 

In practice, formal operational thinking includes the ability to think systematically about all 

the possibilities which may occur in a particular situation; make comparisons, some of which 

may be abstract; use more than two independent variables at the same time; apply thinking 

from familiar to unfamiliar situations; work with formal scientific models; plan controlled 

experiments; use ratio and proportion effectively; use compensation, equilibrium and 

correlation (Adey, 1999; Shayer & Adey, 1981). 

 

Tables 2.4 and 2.5 describe the characteristics of student thinking, as they develop from the early to 

late formal operational stages. Both tables are derived from Table 9.1 Physics, pages 88 and 89, 

Towards a Science of Science Teaching (Shayer & Adey, 1981). 

 

Table 2.4 describes the characteristics of student thinking as they develop through the early formal 

operational stage. The stage is listed in the first column and the features related to the Kinetic 

Theory of Matter that students can understand at this stage are listed in the second column. 
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Table 2.4 
Early formal operational stage of development 

Thinking at the 
Early Formal Stage 

Thinking Related to the 
Kinetic Theory of Matter 

Students can Students can 

use simply structured formal models 
with guidance, e.g., the kinetic theory of 
matter 

classify materials can be classified as 
solids, liquids, or gases depending on the 
state of their particles. Particles move 
around faster and can roll over each other 
as solid changes to liquid 

interpret data if a formal model is 
provided 

understand that gases can be compressed 
because the particles in a gas are further 
apart 

generate concrete models state that materials can be made from 
solid, liquid or gas; solids are rigid, 
liquids can be poured, and gases can be 
compressed 

see the point of making hypotheses but 
need help to deduce relationships in 
experimental results 

formulate a hypothesis: if you add more 
heat ice will melt faster; but can’t find the 
relationship between the amount of heat 
measured and the time taken to melt a 
given mass of ice 

use the classification operation to impose 
meaning over a wide range of 
phenomena 

apply the kinetic theory of matter to 
describe pressure and compression as 
well as solids, liquids and gases 

describe, and will consider more than 
one aspect at once 

 

describe the structure of particles in a 
solid, liquid and gas; consider the effects 
of adding heat, changes in the kinetic 
energy of the particles what happens to 
particles as they change from one state to 
another 

 

 

Table 2.5 describes the characteristics of student thinking as they develop through the late formal 

operational stage. The stage is listed in the first column and the features related to the Kinetic 

Theory of Matter that students can understand at this stage are listed in the second column. 
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Table 2.5 
Late formal operational stage of development 

Thinking at the 
Late Formal Stage 

Thinking Related to the 
Kinetic Theory of Matter 

Students can Students can 

use the kinetic theory model deductively use the model to explain how the particles 
in steam are far apart and therefore the 
steam can be compressed 

generate and check possible ‘why’ 
explanations 

explain that when heat is taken away 
particles lose energy and move closer 
together and change from gas to liquid, 
for example. They can check this 
explanation empirically 

tolerate the absence of an interpretative 
model while investigating empirical 
relationships 

investigate the relationship between heat 
and the states of matter without using the 
kinetic model of matter 

understand multiple causes and effects 
and can think of reality in a multivariate 
way 

think of heat as kinetic energy that breaks 
the bonds between particles so they can 
move more freely 

actively search for an explanatory model 
and reflect on the relationships between 
variables 

describe and explain latent heat as the 
energy required by particles as they 
change from particles in a liquid to 
particles in a gas 

use deduction from the properties of a 
formal model to make explanatory 
predictions about reality 

predict that when enough heat is added to 
any material, a change of state will occur 
because the particles would gain kinetic 
energy 

think with abstraction and use abstract 
words, such as matter, which provide the 
opportunity to explore connections with 
non-matter 

use classification to build categories that 
can be subsumed in an overall category 
such as matter, e.g., subatomic particles, 
atoms, molecules. The category of matter 
enables the category of non-matter to be 
explored, e.g., energy 

test hypotheses against data, and make 
imaginative inferences using outside 
ideas and data 

test changes of state of different 
materials; if burning occurs, for example, 
they can use information about 
combustion to infer what may be 
occurring 

explain as well as describe  describe what happens when ice is 
heated, and they can explain why the 
observations are occurring in terms of 
particles and energy 
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This analysis is of particular interest to science teachers, bearing in mind that only ten per cent of 

their Year 7 students are likely to have reached the early formal operational level of thinking, and, 

while most of the remainder have reached levels of concrete operational thinking, five per cent 

remain at the preoperational level (Shayer & Adey, 1981), see Table 2.6, page 44. Year 7 students 

are generally expected to make, draw or act out a concrete model of particles in a solid, liquid or a 

gas. They are generally expected to understand why gases are compressible while solids and liquids 

are not, what happens to particles when heat is added, and how they change from one state of matter 

to the other—all this at the level of early formal operational thinking (Shayer & Adey, 1981). The 

many students in Year 7 who will not be able to think about The Kinetic Theory of Matter at the 

level demanded by the curriculum may be able to memorise information and reproduce it in a test. 

However, they will not be able to integrate the concept into their prior knowledge and fully 

understand it (Moore, 2012). For this reason, they are likely to forget it (Shayer & Adey, 1981; 

Vygotsky, 1978). 

 

It has been demonstrated that individuals can use the schemata of formal operations more easily 

when they have knowledge and/or experience of the subject involved (Howe & Shayer, 1981; 

Moore, 2012). For example, when boys and girls, aged from ten to eleven, were tested using The 

Volume and Heaviness Task, the boys scored higher than the girls. Researchers suggested that boys 

had more experience of the conservation of weight and volume than girls of the same age and, after 

the test, these experiences were provided in class to all the students. As a result, the scores of both 

sexes improved on the task, thus demonstrating that individuals are more able to use formal 

operational thinking when they have knowledge and experience of the subject (Adey, 1997; Howe 

& Shayer, 1981). 

 

Chiappetta’s (1972) research demonstrated that, in science, students who were able to think at the 

concrete level, were able to think only at that level and not at the formal operational level. However, 

students who were able to think at a formal operational level, at times, used concrete thinking when 

attempting to understand new scientific concepts or when tackling problems (Lawson, 1985). In a 

similar vein, Sheehan (1970) observed that formal operational thinkers scored higher on tests if the 

teaching had been based on concrete operational thinking, i.e., objects and events were used with 

which students interacted. This approach, rather than teaching based on formal operations, 

improved the understanding of formal operational thinkers. Lawson (1985) observed that students 

classified as formal operational thinkers had a greater understanding of concrete operational 

concepts than of formal concepts in science although they understood significantly more formal 
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operational concepts than students classified as concrete operational thinkers. These researchers 

established that adolescents and young adults commonly think at a concrete rather than a formal 

operational level when first attempting to understand a new scientific concept or when not 

completely familiar with it. For example, two studies by Rosenthal (1979) and Kuhn & Angelev 

(1976) demonstrate how students construct their own understanding of possible relationships 

between variables, by moving from concrete to formal operational thinking. According to Piaget 

(1955), this ‘regression effect’, or ‘vertical decalage’ during which thinking is repeated at different 

cognitive levels, often occurs when concepts are new to individuals (Moore, 2012). 

 

The development of formal operational thinking and its use by secondary science students are 

implicit assumptions on which science syllabuses are based (Shayer & Adey, 1981). However, there 

is no definition of formal operational thinking in syllabus or support documents, or precisely how to 

develop it during teaching and learning (Ab Kadir, 2018). Within schools and the NSW Board of 

Studies, Bloom’s Taxonomy is generally referred to as the authoritative text in relation to 

definitions of levels of thinking (Henderson, 2015). Moreover, the Australian Curriculum (2018) 

bases achievement standards on Bloom’s revised taxonomy (Airasian et al., 2001) which is assumed 

knowledge for teachers. The term ‘higher order thinking’ is derived from Bloom’s Taxonomy and 

this appears to have replaced the idea of formal operational thinking in schools. Bloom’s Taxonomy 

presents thinking as a hierarchy from what is considered to be lower order, or less complex, 

thinking, such as remembering, to what is considered to be higher order, or more complex thinking, 

such as synthesis. This hierarchy is based on the beliefs and assumptions of Bloom and his 

colleagues (Krathwohl, 2002). 

 

Bloom belonged to a committee of educators who initially developed a hierarchy of thinking to 

assist university examiners to write questions which were more demanding than the recall of 

knowledge. The committee produced a book entitled Taxonomy of educational objectives: The 

Classification of Educational Goals, by a Committee of College and University Examiners. 

Handbook 1: Cognitive Domain (Bloom et al., 1956). The committee, headed by Bloom, considered 

their classification to be a cumulative hierarchy from simple to complex, concrete to abstract. 

Members assumed that mastery of one category would lead to an understanding of the following 

category. However, these ideas are hypothetical and have no researched, peer-reviewed theoretical 

basis. Bloom’s Taxonomy is one example of information used in schools which has no empirical 

evidence to support it (Bereiter & Scardamalia, 1998). In the current teaching and learning 

environment in which the need to use evidence-based teaching and learning is promoted and 
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encouraged, the use of Bloom’s Taxonomy which has no researched evidence to support it, is 

considered appropriate (ACARA, 2015). 

 

2.2.4 Piaget’s meta-theory and propositional logic 

Using propositional logic, Piaget attempted to construct an underlying explanatory theory, or meta-

theory, of cognitive development that could predict the thinking of children and adolescents as 

cognition developed and create a unified model of cognitive development (Inhelder & Piaget, 1958; 

Siegler et al., 1973). 

 

Piaget’s meta-theory was criticised by logicians as inconsistent (Bynum et al., 1972; Ennis, 1975; 

Weitz et al., 1973) and by the mid-1970s it had been discredited by them. Their analyses found that 

it did not predict student thinking on tests based either on the schemata of formal operational 

thinking or the reasoning patterns of propositional logic (Ennis, 1975; Lawson, 1985; Wason & 

Johnson-Laird, 1972; Weitz et al., 1973). In addition, their research indicated that propositional 

logic and formal operational thinking did not develop together or have the same structural unity, 

and that propositional logic was unsuitable for modelling the complex thought processes of formal 

operational thinkers (Lawson, 1985; Lawson et al., 1978). 

 

Although Piaget attempted to use propositional logic to describe formal operational thinking, 

Inhelder and Piaget (1958, p. xxii) also stated that “formal thought is more than verbal reasoning 

(propositional logic). It also entails a series of operational schemata which appear along with it; 

these include combinatorial operations, proportions, double systems of reference, a scheme of 

mechanical equilibrium (equality between action and reaction), multiplicative probabilities, 

correlations, etc.” 

 

During the 1970s, questions were asked about the validity and reliability of Piaget’s theory of 

formal operational thinking and to what extent it formed a unified, generalised pattern of thinking in 

which the formal operational thinking required in one area of study was the same as that required in 

another (Higgins-Trenk & Gaite, 1971). 

 

Some researchers were of the opinion that the ten schemata of formal operational thinking had no 

underlying unity and described them as ‘reasoning patterns’ used in scientific thinking (Lawson & 

Karplus, 1977; Lawson, 1985). Shayer and Adey (1981) maintained that if reasoning patterns were 

separate skills, then students with one skill would not necessarily have the other and the degree of 
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correlation between schemata would be low. If the schemata of formal operational thinking were 

found to be an expression of an underlying multivariate thinking capacity, then students with ability 

in one would be expected to demonstrate ability in all the others. If formal operational thinking 

were a unitary psychological structure, a factor analytical study of tests based on the schemata 

would demonstrate the influence of one factor only. If not, each schema would produce a separate 

factor and there would be a low correlation between factors (Shayer et al., 1976; Shayer & Adey, 

1981). Shayer and Adey (1981) carried out tests for consistency between formal operational 

schemata and found that tests of two or more provided evidence which predicted students’ ability to 

understand science at the level of formal operations. 

 

Thus, the essential unity of formal operational thinking does not depend on Piaget’s meta-theory. 

Shayer and Adey, (1981) considered that if the unity and consistency between schemata could be 

demonstrated, then the schemata of formal operations could inform practice. They developed five 

quantitative tests, or Science Reasoning Tasks (SRTs), which demonstrated consistency between 

schemata. These were based on experiments and interviews described in The Growth of Logical 

Thinking (Inhelder & Piaget, 1958). Their sample included 370 boys and 180 girls from the third 

forms of comprehensive and grammar schools, and one independent school. The analysis 

demonstrated how consistently the five tasks grouped students into particular stages of cognitive 

development. In addition, factor analysis revealed whether different tasks assigned the same 

students to the same levels of cognition. In both cases the analyses indicated that, although there 

was some specific variance, “the common factor variance seems to justify the use of a unifying 

construct such as formal operational thinking to describe what these five tasks have in common” 

(Shayer & Adey, 1981 p. 64). These results were supported by other well-designed investigations of 

the consistency with which schemata assigned cognitive levels to students (Bart, 1971; Bentley, 

1977; Lawson, 1977). 

 

2.3 Student levels of cognition 

This investigation is based on the CASE research program and the Thinking Science professional 

development and teaching intervention which was developed from it. The following is a review of 

the development of this research, the context which produced it and the research which followed. 

 

CASE was initiated as a result of concerns from teachers and researchers about what they perceived 

as the high cognitive demand of complex concepts in the Nuffield Secondary Science Courses 

(Ingle & Shayer, 1971).  
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The Nuffield Secondary Science Courses were developed in the 1960s and early 1970s to replace 

traditional science curricula based on descriptive science in which the emphasis had been on the 

ability to memorise and recall facts rather than on the ability to think about concepts, manipulate 

variables and solve problems. For example, previous secondary biology courses had been 

essentially descriptive and, although the exams required the ability to organise information, the use 

of formal operational thinking, as defined by Piaget, was not essential (Shayer, 1974). The aim of 

the Nuffield science courses was to introduce more rigorous scientific content, and processes such 

as comparing and contrasting relevant data, evaluation of evidence, the use of explanatory models, 

and experimental design including the use of controls (Shayer, 1974).  

 

Teachers observed that the new courses were more difficult, with a higher level of cognitive 

demand than those they had replaced. There was an increase in the proportion of high-level 

concepts as each science course progressed over the five secondary years, from ages 12–16 (Shayer, 

1974; 1978b). Inhelder and Piaget’s (1958) book, The Growth of Logical Thinking from Childhood 

to Adolescence, an essay on the construction of formal operations, was widely read at this time and 

thus, the ability required to understand more rigorous scientific content and processes was 

considered by many researchers to be at the level of formal operational thinking (Ingle & Shayer, 

1971; Lawson & Renner, 1974; Linn & Their, 1975; Raven & Polanski, 1974; Shayer, 1974; Shayer 

& Wylam, 1978). 

 

During the 1970s, the Nuffield Science Teaching Project staff worked with researchers and teacher 

educators at Chelsea College, London, to evaluate the implementation of Nuffield science projects 

in schools. Over a number of years, Shayer assessed the cognitive demand of the course text books 

written for each unit of work, and the cognitive demand within each course (Ingle & Shayer, 1971; 

Shayer 1974). These assessments, based on Piaget’s theory of cognitive development, measured 

two levels of cognitive ability in relation to each course: 

 

• the cognitive ability required for students to be able to maintain an interest in the 

content of each course; and, 

• the cognitive ability required if students were to achieve complete understanding. 

 

In addition, the first population study to determine the frequency of levels of cognition within a 

student population was undertaken (Shayer et al., 1976; Shayer & Wylam, 1978). The underlying 
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aim was to provide information that would lead to the development of a science curriculum that was 

cognitively accessible to all students. 

 

According to their analyses, formal operational thinking was required to achieve complete 

understanding of all the science courses from the second or third year. Using data from the known 

IQs of public, grammar, and comprehensive school populations, they estimated that this full 

understanding would be achieved by only the top 25 per cent of students, and even this group would 

have some difficulties with most of the material introduced in the first two years of the courses. On 

these estimates, the courses were considered to be too challenging for 75 per cent of students who 

had not developed a sufficient level of cognition. For example, the use of experimental controls was 

introduced in the second year of the biology course when students were aged 12 (Shayer, 1974). 

According to Inhelder and Piaget (1958), early formal operational thinkers can understand the 

reasons why controls are used in an experiment designed by their teacher; however, the ability to 

use controls themselves, and include them in experimental design, requires late formal operational 

thinking. Such thinking depends on the ability to hold a number of variables in working memory so 

that their function in an experimental design can be deduced in relation to a valid test of a 

hypothesis (Shayer, 1974, 1978a). According to the estimates based on the IQ of students aged 12, 

and Inhelder and Piaget’s (1958) description of formal operational thinking, few students were 

likely to have attained this level of cognition by the age of 12. Similar results were found for all the 

Nuffield science courses. Researchers concluded that any course, in which formal operational 

thinking was required to comprehend concepts, would be too challenging for a class in which at 

least 50 per cent of students were still at the stage of concrete thinking (Lawson & Renner, 1974). 

Shayer commented (1978b, p. 126): 

 

[The analysis of science curricula] does seem to have shown that, given adequate exposure 

to a science course, the pupils’ performance is mostly determined by the level of thinking 

required by the course in relation to the stage of thinking the pupils have attained. 

 

And he further commented (1978a, p. 210): 

 

Somewhere within the course there is a minimum depth of understanding of the various 

concepts which the pupils must reach if they are to experience the course as hanging 

together. 
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Since the publication of The Growth of Logical Thinking from Childhood to Adolescence (Inhelder 

& Piaget, 1958), similar questions about cognition in student populations had been asked. For 

example, Elkind (1961) and Tower and Wheatley (1971) had tested students to find out the 

proportion of students who had attained different levels of cognition in the areas of conservation of 

mass, weight and volume. A number of researchers carried out group studies which indicated the 

frequency of concrete and formal operational thinkers in populations of high school and college 

students (Tower & Wheatley, 1971; Elkind, 1961). However, the samples used in these studies were 

neither large enough, nor representative enough to provide generalisations about the levels of 

cognition within particular populations (Shayer et al., 1976). The investigation of levels of 

cognition in a sample of 10,000 nine to 14-year-olds carried out by Shayer et al., (1976) was the 

first large scale investigation of cognitive levels in a representative, nationwide school population. 

 

The immediate practical purpose for testing cognitive levels of individual students was to provide 

information about the distribution of levels of cognition from preoperational to formal operational 

in the school population of students from the ages of nine to 16, to enable teachers, and curriculum 

planners to identify aspects of each course which required alteration so that teaching and learning 

could be made available to students of all abilities (Shayer, 1978a, 1978b; Shayer et al., 1976; 

Shayer & Wharry, 1974). Thus, a different form of testing was required to measure the cognitive 

levels of individuals, and groups of students so that a comparison could be made between students’ 

cognitive levels and the cognitive demand of the courses (Shayer & Wharry, 1974). This testing, 

referred to as Class-tasks, was based on Piaget’s clinical method but developed so that it could be 

used in one fifty-minute lesson with classes and school populations, thus saving the time and 

expense required to test each student individually as Piaget had done (Shayer & Wharry, 1974; 

Shayer & Wylam, 1978). 

 

2.3.1 The development of Class-tasks to test individual levels of cognition within groups of 

students 

Shayer and Wharry (1974) initially designed seven Class-tasks based on Piaget’s clinical method 

and research. The seven tasks included the Drawing Task and the Shadows Task which were based 

on phenomena children are most likely to experience before they reach secondary school (Piaget & 

Inhelder, 1956). The next four tasks were based on investigations carried out by Inhelder and Piaget 

(1958) and included the Balance Task which probed ideas about equilibrium and reciprocity, 

Support on Land which was based on experience with the strength of different materials, Floating 

and Sinking which investigated student thinking about the floating and sinking characteristics of 
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various materials of differing shapes and the Dissolving Task which probed thinking about the 

changes that occur to sugar when it dissolves. The seventh was the Volume and Measurement Task 

which investigated student thinking about the measurement of volumes of irregular shapes by the 

displacement of water in a measuring cylinder (Inhelder & Piaget, 1964). 

 

Each question in a Class-task was designed to demonstrate thought processes at a particular 

cognitive level and, according to the Piagetian theory on which it was based, could be answered 

only by students who had reached that particular level of thinking. For example, students may have 

completed density as a class topic; however, they would not be able to solve density problems in a 

Class-task if their thinking had not developed to the required level (Inhelder & Piaget, 1958). 

Shayer and Adey (1981, p. 35) noted that: 

 

… a knowledge of the formula 2∏√l/g alone cannot lead to success on any item. The 

structure of the tasks does not allow a pupil who has learned an algorithm, and can get the 

correct answer to conventional physics problems on the topic, to succeed on the formal 

items unless he can really use formal operations. 

 

Thus, each Class-task demonstrated a range of cognitive levels, from earlier to later levels of 

development. For example, Class-task I contained questions from preoperational thinking to the 

transition from late concrete to early formal operational thinking, Class-task II from early concrete 

to early formal operational thinking and Class-task III from late concrete operational to late formal 

operational (Shayer et al., 1976). 

 

The tasks were designed to assess each student’s level of cognition or thinking ability only. Shayer 

and Wharry (1974) noted that the abilities to visualise, read, recall and to master the manual skills 

of writing were assumed in regular class assessments and examinations. Class-tasks were presented 

in a way that did not disadvantage students who experienced difficulties with any of these skills. In 

addition, Piaget’s clinical method was used. For example, before answers were attempted teachers 

checked that each student understood the reasons for the task, questions were read and explained, 

students could ask questions to ensure that they understood what they were being asked to do and 

teachers could explain questions to individual students if required (Shayer & Wharry, 1974). Each 

question was printed for students to read and, if possible, illustrated by a diagram. Apparatus related 

to each question was demonstrated so that students could understand how any data were produced. 

These demonstrations were generally based on those originally used by Piaget and Inhelder (1958) 
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when researching children’s thinking. Students answered questions by drawing on diagrams, ticking 

boxes or writing one-word answers. Space was made available for explanations from students who 

had already reached the higher levels of cognition (Shayer & Wharry, 1974). 

 

The difference between the research of Shayer and his colleagues and the research of others was the 

use of the Class-tasks which did not use total scores, but used: 

 

• the score of separate questions to indicate the level of cognition of individual students; 

• large samples of 10,000 students between the ages of nine and 14; and 

• a sample which was representative of the range of possible thinking abilities in the British 

school population (Shayer et al., 1976; Shayer & Wylam, 1978). 

 

They were also designed so that teachers without any training in Piagetian psychology could 

administer them to a class and score them reliably (Shayer et al., 1981; Shayer et al., 1976). The 

cognitive level of each student was based on the highest level at which the students scored two 

thirds of the items correctly (Shayer, 1978b). 

 

In addition, the Class-tasks were named as such to remove the anxiety observed in regular testing 

and so that they could be perceived by students to be a part of the teaching program and thus 

different from regular examinations, assessments and the marking of work. They were not returned 

to students. Students reacted by accepting them as exercises designed to assist the teacher with the 

process of teaching and learning in their science classes (Shayer & Wharry, 1974). 

 

The validity of the Class-tasks depended on the validity of Piaget’s theory of cognitive development 

in relation to qualitative differences observed as student thinking develops (Inhelder & Piaget, 

1958). To establish the validity of the Class-tasks, a sample of the students in the experiment also 

participated in a Piagetian clinical interview based on each task. Student results from the clinical 

interviews were then compared with their results in the Class-tasks. For example, seven students 

who had completed Class-task I were interviewed three and a half months later using Piaget’s 

clinical method as outlined in The Child’s Conception of Space (Piaget & Inhelder, 1956) resulting 

in 35 items for comparison with their results from Class-task I. The result was similar for three of 

the four students tested and interviewed in relation Class-task II. The results of the same children 

were compared for Class-tasks II and III. The probability that the same result would be found for 
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each student in both tasks was 0.8 (Shayer, 1978b). This indicated that, in a class of 25, the scores 

of one or two students may be incorrect. The researchers considered this to be a satisfactory result 

for both a small sample, such as a class, and a larger research sample of several thousand students. 

 

The reliability of the Class-tasks was assessed using a sample of three to four hundred students and 

was found to be 0.82, 0.8 and 0.86 for each test, respectively (Shayer et al., 1976). Reliability at 

these levels indicates that one out of every 30 students can be expected to achieve at a higher or 

lower score than their real score. They were as accurate and as precise as other educational 

psychometric tests (Shayer & Adey, 1981) and when later developed into SRTs could provide 

science teachers with more information about students’ abilities to think about scientific concepts 

than the global IQ, which did not provide such detailed information (Howe & Durr, 1982). 

 

Shayer et al. (1976) used Class-tasks I, II and III to measure the distribution of levels of cognition, 

from preoperational to formal operational, in a sample of 10,000 British school students between 

the ages of nine and 14. Forty-six schools were selected on the basis of the Calvert Non-Verbal 

Reasoning Test which was commonly used on entry into secondary school to indicate the academic 

level of the student population of a particular school. In this study, it was used in the year cohorts 

which were to be part of the research project in each school. It was used to ensure that the sample 

from schools of different social backgrounds and different geographical areas, was representative of 

the range of abilities in the British school population (Shayer et al., 1976). 

 

The cognitive levels obtained from individual students and for groups of students in different years 

of secondary education were compared with the conceptual demand of the Nuffield science courses. 

As expected, there was a discrepancy between the cognitive demand required for complete 

understanding of the science courses and the levels of cognition of a large percentage of students 

(Shayer et al., 1976). The Class-tasks demonstrated that, by the age of 14 years and three months, 

only 24 per cent of students had developed any level of formal operational thinking. These results 

were compared with the conceptual demand of the Nuffield science courses as a way of 

understanding why many students between the ages of nine and 14 were experiencing difficulties in 

learning these subjects (Shayer et al., 1976).  

 

Shayer et al’s. (1976) investigation of nine to 14-year-olds raised questions about the extent to 

which the development of formal operational thinking might continue for the 75 per cent of students 

in whom it was not at all evident by the age of 14 years and three months. To investigate this 
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question, Shayer and Wylam (1978) undertook a study of the levels of cognition in a representative 

sample of 1200 students aged from 14 to 16, the age at which they could leave school. They 

combined data from the investigation of nine to 14-year-olds to assess the rate of cognitive 

development in both boys and girls over the period from middle school to the conclusion of 

compulsory schooling.  

 

Results from the tasks indicated a lack of further development in cognition after the age of 14 years 

and three months for girls, when 25 per cent were observed to have developed a level of formal 

operational thinking. Results indicated that boys developed cognitively for a further year, until the 

age of 15 years and three months, when 34 per cent were observed to have developed a level of 

formal operational thinking. After this age, the rate of development was observed to diminish 

rapidly. It remained to be investigated whether some students continued to develop beyond school 

or during the final two years of schooling at the ages of 17 and 18 (Shayer & Wylam, 1978). 

 

The investigations established that: 

 

• the age at which individual students reach each level of cognition varies greatly; 

• Piaget’s estimates of the age at which children reach each level was much lower than the 

ages observed in their sample, e.g., in Piaget’s sample, children developed concrete 

operational thinking between the ages of seven and eleven, and formal operational 

thinking by the age of 11 or 12; and 

• at each stage, students will exhibit particular modes of thinking which are qualitatively 

different and easily recognised by teachers. 

 

For example, by the age of 16, only ten per cent of students had attained the level of late formal 

operational thinking and a further 20 per cent had attained a level of early formal operational 

thinking. The remainder of their sample could process data at or below concrete operational 

thinking (Shayer & Adey, 1981). 

 

Table 2.6 displays results from the investigation, by Shayer and his colleagues, of the levels of 

cognition of 12-year-old students in Year 7 and 16-year-old students in Year 10 (Shayer, 1978b; 

Shayer et al., 1976; Shayer & Wylam, 1978). Piaget’s stages of cognitive development are recorded 
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in Columns 1 and 3. The percentage of 12-year-old and 16-year-old students observed at each 

cognitive level is recorded in Columns 2 and 4, respectively. 
 

Table 2.6 
Students observed at each cognitive level 

Students Aged 12 
Year 7 

Students Aged 16 
Year 10 

Stage of cognitive 
development 

Percentage of 
students 

Stage of cognitive 
development 

Percentage of 
students 

Preoperational 5% 
 

Preoperational 0% 

Early Concrete 35% 
 

Early Concrete 20% 

Late Concrete 50% 
 

Late Concrete 
 

50% 

Early Formal 10% 
 

Early Formal 20% 

Late Formal  0% Late Formal  10% 
 

 

Shayer and Adey’s account of this research, and their interpretations of its results (Shayer & Adey, 

1981), opened discussion about the effects of cognitive development on a student’s ability to 

understand science, and on his or her attitude to science at school. 

 

Students’ ability to understand the multivariate, abstract concepts, theories and models of science 

depends on their attainment of formal operational thinking (Fadiana & Andriani, 2021; Shayer & 

Adey, 1981; Shayer & Wylam, 1981). For example, early formal operational thinking is required to 

understand a simple version of the particle model of matter (see Table 2.1, page 26). This model, 

like most scientific models, is abstract and multivariate. Without a level of formal operational 

thinking, students cannot construct concepts using this model or understand them at a deep level 

(Fadiana & Andriani, 2021; Shayer & Adey, 1981). 

 

In 2001 and 2003, Shayer repeated the research to ascertain levels of cognition within the student 

population of England and Wales using smaller, but representative, samples. On each occasion, 

results indicated that, since the late 1970s, the level of student cognition in England and Wales had 

fallen by 15 to 20 per cent (Shayer, Ginsburg & Coe, 2007). Why this was so remains unknown.  

 

Piaget, who did not intend to conduct a population study but rather an investigation of individual 

cognitive development, concluded from his observations that formal operational thinking developed 
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between the ages of 11 and 15. He later acknowledged that his subjects were not a representative 

sample of Swiss students as they attended the more academic schools in Geneva and thus 

generalisations could not be made (Piaget, 1972a). One of the differences commonly observed, in 

this and other replications of Piaget’s clinical method, was the age at which students were observed 

to acquire formal operational thinking compared to that recorded by Piaget. Investigations carried 

out in the United States indicated that, between the ages of 11 and 15, only a minority of students 

were able to think at the formal operational level of cognition (Higgins-Trenk & Gaite, 1971; 

Lawson & Renner 1974; Marti & Rodriguez, 2015; Moore, 2012; Tower & Wheatley, 1971). For 

example, Chiapetta (1972), using three tasks based on Piaget’s clinical method, demonstrated that 

85 per cent of adolescent students and young adults were able to think only at the concrete level 

when attempting to comprehend scientific concepts. Piaget’s assumption that everyone develops 

formal operational thinking was questioned, even in his lifetime, and additional research confirmed 

that many adolescents and adults are unable to reason and deal with abstract thought in the manner 

described by Piaget’s formal operational thinking (Moore, 2012; Shayer & Adey, 1981; Stanovich 

& West, 2002). In the view of Shayer and Adey (2002) 80 per cent of the school population 

operates well below their potential level of cognition.  

 

This research also raised concern about the educational opportunities of the 70 per cent of students 

between the ages of 11 and 15 who remained as concrete operational thinkers throughout their years 

of schooling and most likely into adulthood. Other researchers noted that many adults and students 

at secondary and tertiary levels did not appear to have developed the ability to think using formal 

operational schemata (Herron, 1975; Kuhn & Angelev, 1976; Keating & Clark, 1980; Lawson et al., 

1978; Moore, 2012; Tower & Wheatley, 1971). It was found that the rate of cognitive development 

was very similar in all types of schools and the percentage of students who had developed formal 

operational thinking was found to be the same in the representative sample of different types of 

schools surveyed (Shayer & Adey, 1981). 

 

There was concern about the implications for a society in which formal operational thinking is 

required in the professions, in occupations involved in science and mathematics and those such as 

law which require the ability to reflect on legal dilemmas and one’s own thinking. There were 

suggestions that teaching methods could be developed to accelerate the development of student 

cognition so that all students would have a greater chance of developing formal operational 

thinking. Researchers such as Bass and Montague (1972), Case and Fry (1973), Lawson and 

Wollman (1976), Linn and Thier (1975) and Renner (1976) investigated these suggestions with 
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positive results. It appeared that the optimum age to provide an intervention was during the growth 

spurt of early adolescence during which the highest rate of formal operational development was 

observed to occur (Keating & Clark, 1980; Shayer & Adey, 1981). As a result of their research, 

Shayer and Adey (1981) questioned whether it would be possible to accelerate cognition in science 

classrooms and, if it was, would it last, could it be generalised, and which groups of students would 

benefit most? 

 

During the 1970s a number of researchers had used educational interventions designed to stimulate 

the development of formal operational thinking with some degree of success; however, the samples 

were small and the timeframes short. As a result of this research, it was considered that intellectual 

and social stimulation, in some form, were necessary for cognitive development to occur (Lawson 

& Snitgen, 1982; Wollman & Chen, 1982). By the early 1980s there was no intervention that had 

produced a significant, long-term improvement in cognitive development.  

 

2.4 The curriculum analysis taxonomy 

In 1981, Shayer and Adey developed The Curriculum Analysis Taxonomy (CAT) to analyse the 

cognitive demands of the science curriculum and the levels of thinking required to master them. It 

provided a tool which teachers could use to analyse curriculum and assessments. It enabled them to 

predict areas of increasing cognitive difficulty within each topic, or assessment, by classifying and 

describing concepts and process skills across all cognitive levels. Items analysed in the CAT were 

classified using the headings listed in the following table. 
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Table 2.7 

Curriculum Analysis Taxonomy (CAT): Analysis 

Reasoning Patterns from 
Piagetian Theory 

Piagetian Schemata 

Interest & investigation style Conservation 

Reasons for events Proportionality 

Relationships Equilibria of systems 

Use of models Mathematical operations 

Type of categorisation Control of variables 

Depth of interpretation Exclusion of variables 

 Probabilistic thinking 

 Correlational reasoning 

 Measurement skills 

 

 

The following description of the development of the CAT has been based on Shayer and Adey’s 

(1981) account of their work. The CAT was developed by a committee of 18 which included 

volunteers who were experienced science teachers, other science educators and the researchers. The 

cognitive demand of 51 science objectives from 30 topics in the junior years of the secondary 

curriculum was assessed.  

 

Reliability was calculated from measurements of the degree to which different assessors agreed 

about the levels of cognitive demand of particular objectives. Measurements of reliability indicated 

that there was a five per cent chance that an assessed cognitive level was one level higher or lower. 

This also meant that there was a 95 per cent chance that it was as assessed. Researchers found that 

this error could be diminished by half if the objective were assessed by four people independently.  

 
Students were tested to find out how well the classification and descriptions of the objectives in the 

CAT aligned with their ability to succeed. The ability of teachers to predict the success on particular 

outcomes of students whose level of cognition was known was used as a measure of validity of the 

CAT. The results indicated that predictions for both tended to be reliable and accurate. In addition 

to validating the CAT, these results contribute to a validation of the Piagetian stage theory on which 
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the testing of both student levels of cognition and levels of cognitive demand of the curriculum is 

based. As Shayer and Adey (1981, p. 114) commented: 

 

While it is true that the assessment process could be valid while the developmental theory is 

invalid, and vice-versa, it is not possible that good predictions could be made of pupils’ 

understanding unless both were simultaneously valid. 

 
Examples of the CAT, developed to analyse concepts related to the Kinetic Theory of Matter, can 

be found on page 27 and pages 30─31. 

 

2.5 The CASE Project and Thinking Science  

The SRTs had demonstrated that there was a significant mismatch between the cognitive demands 

of the science curriculum and the cognitive levels of a large proportion of high school students in 

England and Wales (Shayer & Adey, 1981; Shayer & Wylam, 1978). It was also evident that the 

quality of stimulation experienced by 70 per cent of students in regular classrooms and beyond did 

not result in the development of formal operational thinking (Shayer & Adey, 1981). 

 

The CASE project aimed to provide the means to accelerate the development of formal operational 

thinking in a large representative sample of the student population (Shayer & Wylam, 1978). Its 

underlying aim was to provide a greater number of students with the ability to understand 

multivariate, abstract scientific concepts (Adey, 1999). To achieve this, the researchers devised an 

intervention to be used by teachers in their classrooms and, initially, for this purpose, developed six 

activities. The activities were based on cognitive conflict which was known to contribute to the 

development of cognition. The six activities were tested in one school and, as a result, further 

research was planned (Adey, 1999). 

 

2.5.1 The five pillars of CASE 

CASE researchers identified five pedagogical components, or pillars, required to stimulate student 

cognition. Adey (1999) emphasised that there are no short cuts to higher levels of cognition and 

more complex thinking. The development of cognition occurs slowly, and the five pillars described 

demand innovative pedagogical skills from teachers. The five pillars of CASE were used to develop 

the 30 Thinking Science lessons designed to support teachers as they learnt the pedagogical skills 

required to stimulate cognitive development in their students. Although the pillars are described in a 

sequence, they are used during each Thinking Science lesson as required. 
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2.5.1.1 Concrete preparation and data collection 

Concrete preparation provides students with an overview of concepts to be studied during the lesson 

and may also include new vocabulary and any necessary, brief instructions about the use of 

apparatus (Adey, 1999). This takes a few minutes at the beginning of each Thinking Science lesson. 

Concrete preparation is similar to transmission teaching, a teacher-centred method of instruction 

which continues to be the method of teaching and learning most familiar to science teachers and 

students (Goodrum & Rennie, 2007; Gore, 2021; Hanrahan, 1999; Tytler, 2007).  

 

In each Thinking Science lesson, students collect data from a practical exercise. This part of the 

lesson is short because, like concrete preparation, it is ancillary to the main purpose of the lesson. It 

provides a necessary concrete foundation from which students can develop their thinking by 

generating the data on which cognitive conflict, or challenge, is based and leads to thinking through 

discussion and metacognitive questioning (Adey et al., 1995). 

 

2.5.1.2 Cognitive conflict, the use of challenge 

Cognitive conflict occurs within the ZPD and, therefore, it requires thought and effort to clarify 

concepts and resolve confusion. In every class, the ZPD differs for each student and, as 

development proceeds, the ZPD for each student changes (Vygotsky, 1978). Effective use of 

cognitive conflict in the classroom requires discussion and active listening by the teacher so that it 

is delivered at levels which result in the stimulation of student cognition (Adey & Shayer, 1994). 

Learning which is easily assimilated does not result in cognitive development. The challenge for 

teachers is to provide students with learning experiences which require thinking within each 

student’s ZPD, thus stimulating cognition. 

 

2.5.1.3 Social construction 

Both cognitive conflict and social construction are necessary for the development of cognition 

(Flavell et al., 2002; Moore, 2012; Piaget, 1972a; Vygotsky, 1978). Social interaction can create the 

conditions for individuals to consider various points of view in the process of working through and 

resolving cognitive conflict (Flavell et al., 2002). Constructivism recognises that students are likely 

to have constructed prior concepts about phenomena which differ from scientific concepts (Driver 

et al., 1994; Moore, 2012; Pea, 1994). Social construction provides an opportunity to work through 

the resulting cognitive conflict and provide evidence for their point of view. 

 



49 
 

Social construction can take place when small groups, or the whole class, discuss cognitive conflict 

arising from the data. Small mixed ability groups of three to five have been found to be the most 

effective for discussion (Bennett et al., 2010; Cohen, 1994). Differentiation can also be achieved 

through social construction using group discussion, as students reflect on the experience and 

understanding of themselves and others. This creates cognitive conflict for individuals at different 

levels of cognitive development and different ZPDs (Oakley et al., 2004). 

 

The development of safe classrooms, which support communities of learners, is fundamental for the 

success of social construction. There is evidence that student learning can be disrupted if small 

group discussion is not effectively carried out. Many students learn, over the years, to hold back 

their thinking for fear of humiliation from laughter, non-verbal put downs or their contributions 

being passed over and generally not being heard, understood and respected at the level at which 

they are thinking (Cohen, 1994; Weare & Gray, 2003). If the contribution of a group member is 

discounted, the resulting communication may be more about maintaining self-esteem than about the 

intended discussion (Sfard & Kieran, 2001). 

 

Both teachers and students require explicit instruction about how to work effectively in a small 

group—how to use group roles to begin and then stimulate discussion; how to ensure all group 

members are involved in the discussion; how to actively listen to one another; how to use complex, 

open-ended tasks which are likely to stimulate discussion and how to ask metacognitive questions 

(Cohen, 1994; Hogarth et al., 2005; Osborne & Collins, 2001). Such discussions allow students to 

test, compare and revise their own ideas and, if they discover that their ideas are scientifically 

incorrect, modify them so that they are based on scientific evidence rather than on individual belief 

(Bennet et al., 2004; Driver et al., 1994). Conversation on its own has not been found to provide the 

same learning benefits (Cohen, 1994; Okada & Simon, 1997; Teasley, 1995). Both teachers and 

students require time management skills so that time is available during each lesson for data 

collection and the necessary subsequent discussions (Cohen, 1994). 

 

In addition, students require skills in the roles and responsibilities required for group discussion 

such as communication skills and conflict resolution, strategies for dealing with uncooperative or 

overbearing participants, how to listen actively, how to discuss and how to ask metacognitive 

questions (Cohen, 1994). If teachers and students are taught these skills, their discussions are more 

likely to result in effective collaboration and individual learning (Barron, 2003; Matusov et al., 

2002; Roschelle, 1992). 
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Participants in groups that function effectively are always aware of what each participant is 

thinking. They assist one another, by learning the different roles and responsibilities required for 

effective group discussion (Oakley et al., 2004). Evaluations carried out by each group can 

demonstrate how effectively it is functioning. If a group is not functioning effectively, an evaluation 

can provide students with opportunities to learn how to resolve conflicts before they become 

difficult and how to improve other required skills (Kaufman et al., 2000).  

 

The potential of effective small group discussion to enable students to learn at a deeper level, retain 

information, improve communication and teamwork skills and achieve higher grades has been 

established (Johnson et al., 2000; Springer et al., 1997). In addition, the cognition of participants as 

a result of effective small group discussion will develop higher and more abstract levels of 

reasoning (Schwartz, 1995; Shayer & Adey, 1981). 

 

2.5.1.4. Metacognition 

Since the 1970s, many researchers have identified metacognition as necessary for successful 

learning and cognitive development (Adey & Shayer, 1994; Azevedo et al., 2010; Black & Wiliam, 

1998b; Flavell, 1976, 1979; Gulikers et al., 2006; Michalsky et al., 2009; Tanner & Jones, 1994; 

Veenman, 2012; Wang et al., 1990). Metacognition, which is also referred to as ‘reflective 

abstraction’ (Piaget, 1970, p. 5) is essential for the development of cognition (Adey & Shayer, 

1994; Piaget, 1977; Tanner & Jones, 1994; Veenman, 2012). 

 

Flavell first wrote about the importance of metacognition in education in 1976. Since then, its 

definition has been the subject of much academic discussion (Veenman & Spaans, 2005). 

Metacognition is referred to as declarative knowledge about our cognition, and procedural 

knowledge about the regulation of learning and problem-solving (Brown, 1987; Flavell, 1978, 

1992). Through metacognition, the process of problem-solving becomes consciously controlled. It 

is a process which develops our skills and knowledge about strategies for problem-solving 

including the role played by social interaction (Ackerman & Thompson, 2017; Zohar & Dori, 

2012). The knowledge and skills required for discussion, and the strategies used for thinking and 

problem-solving, such as planning, monitoring, justification and evaluation are made explicit by 

metacognition (Kluwe, 1987; Zohar & Dori, 2012). Through the use of open and probing questions 

during group discussions, both teachers and students learn to regulate one another’s thinking (Adey 

& Shayer, 1994; Tanner & Jones, 1994; Veenman, 2012). 
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When a problem is encountered, it is unlikely that individuals will think deeply, or reflect on it, 

without external support (Veenman, 2012). When metacognitive processes, such as reflection on 

how problems were solved, justification of thinking, discussion of what was found to be easy or 

difficult, and consideration of how group discussion could improve, are externally supported by 

both teachers and peers in a lesson, students are more likely to develop formal operational thinking 

(Adey & Shayer, 1994; Azevedo et al., 2010). 

 

Metacognition is developed by discussion and reflection which enable teachers and students to 

become aware of their own thought processes and the nature of the schemata and evidence used 

during learning and problem-solving (Krathwohl, 2002; Wilson & Smetana, 2011). In Thinking 

Science lessons, students are taught how to participate effectively in discussion by using probing, 

metacognitive questioning. They are actively encouraged to reflect on how they solved problems, to 

justify their thinking, to discuss what they found easy or difficult and to consider how their group 

discussion could improve (Adey & Shayer, 1994).  

 

Metacognition is learnt most effectively in context and when students are aware of its benefits 

together with long-term practice to embed the skills into each student’s approach to learning. 

Initially, metacognition develops in separate contexts and then, with practice, becomes generalised 

across domains (Veenman & Spaans, 2005). 

 

Many teachers lack knowledge about both the nature and educational significance of metacognition 

and the pedagogy which makes use of it (Wilson & Bai, 2010). Leutwyler (2009) suggested that 

both the curriculum and the most commonly used forms of teacher-centred pedagogy do not foster 

the development of metacognitive thinking. Pedagogies which help teachers to provide students 

with time to reflect on their thinking include student-centred approaches to learning and problem-

solving such as:  

 

• ‘think-alouds’ to demonstrate the strategies used (Isreal & Massey, 2005); 

• opportunities to practice thinking strategies (Schreiber, 2005); 

• facilitating active discussion to provide time for students to discuss problem-solving 

(Zohar, 2006); 
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• evaluating and revising as you go, picking the best strategy for the task at hand—

debriefing about strategy is central (Wilson & Bai, 2010); and 

• teaching students how to reflect on their responses to assessment questions and to 

teacher’s comments in assessments (Black & Wiliam, 1998b). 

 

2.5.1.5 Bridging  

Bridging enables students to link the problem discussed during a Thinking Science lesson with their 

own knowledge and experience. Bridging is closely related to the development of metacognition 

because, once students have developed a schema in one context, it is by bridging to other contexts 

that the schema can be strengthened through practice, observation and reflection (Bennet et al., 

2003; Campbell & Lubben, 2000; Shayer & Adey, 2002). 

 

2.6 The Thinking Science intervention 

Delivery of the Thinking Science intervention involved an approach to science teaching which 

challenged transmission teaching, the most prevalent approach to teaching in science classes at the 

time. The pedagogical skills required for Thinking Science were very different from those used in 

regular classroom teaching (Adey & Shayer, 1994; Barnes & Todd, 1995). In the 1980s, in England, 

it was unlikely that students would be expected to identify variables, design their own experiments, 

or think critically about possible experimental error. Generally, they completed ‘experiments’ with 

predetermined results, made observations, attempted to draw conclusions and generalisations from 

their observations and wrote up ‘experiments’ in a proscribed genre (Barnes & Todd, 1995). 

Over a period of three years, from 1984, Shayer, Adey and Yates developed the Thinking Science 

classroom intervention of 30 lessons (Adey et al., 1995). This included work sheets and teachers’ 

notes. The initial lessons were based mostly on a concrete model of learning to enable students to 

become accustomed to thinking and developing the ideas which could lead to the development of 

formal operational schemata. Each lesson included cognitive conflict based on one of the schemata 

of formal operational thinking. Thus, the intervention was designed to provide cognitive stimulation 

for the 80 to 90 per cent of students, aged between 11 and 14, who had been observed to experience 

difficulty understanding scientific concepts at school (Adey, 1999; Shayer & Wylam, 1978). 
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The lessons were trialed in schools chosen from seven different socio-economic and geographical 

areas to provide data which was representative of the student population of England. A London 

comprehensive school was used as a ‘laboratory school’. The developing lessons were taught by the 

researchers to two classes of children aged 11+. This provided opportunities for researchers, who 

had a thorough understanding of the pedagogy required, to observe results and evaluate and 

improve the activities as they developed into lessons. Between 1985 and 1987, a small sample of 

ten experimental, mixed ability classes from these schools completed the two-year trial, using one 

lesson each fortnight. The girls and boys in each class were aged either 11+ or 12+. In each school, 

these classes were paired with control classes by age and ability. The control classes studied the 

regular curriculum without losing time for Thinking Science lessons (Adey & Shayer, 1990). As 

each Thinking Science lesson was not necessarily based on curriculum content it could not be 

included as part of a content lesson (Adey, 1999). 

 

At the beginning of the two-year trial, the cognitive level of all participating students was assessed, 

using the SRTs, to provide a baseline measurement. In 1987, at the end of the intervention, the level 

of cognition of all students was measured again. In addition, students were tested for science 

achievement using the end of year science examination in each school. Although there were no 

measurements of reliability or validity available for the examination, it was justified as the type of 

testing generally used by schools, in preparation for the General Certificate of Secondary Education 

(GCSE) (Adey & Shayer, 1990). One year later, in 1988, the students completed another science 

achievement test. In 1990, the original 12+ students sat their GCSE examination, along with all the 

other students aged 16 in England and Wales. The grades of the students who had participated in the 

intervention were obtained for science, mathematics and English. Then, one year later, in 1991, the 

grades of the 11+ students were collected after they had completed the GCSE (Adey, 1999; Adey & 

Shayer, 1990). 

Results gathered at the end of the two-year intervention revealed a small overall effect size of 0.2 at 

p < 0.05. This gain was significantly greater than that of each control group. The rate of cognitive 

development varied over the seven classes. Three classes developed faster than their control group 

in the first year of the intervention, whereas the remaining four classes did not develop faster than 

the controls until the second year. Within each class, the cognition of a few students had developed 

above the expected level whilst others had not developed at all. The cognition of those taught by the 

researchers in the laboratory school had improved the most: 0.77 cognitive levels for girls and 0.46 

for boys (Adey & Shayer, 1990). 
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Researchers identified a number of factors which could have caused the erratic results: 

• the small sample of classes; 

• no professional development had been provided for teachers and therefore teachers were 

attempting to learn new pedagogical skills on their own; 

• most teachers, trialing the material, were working alone on the project in each school, 

without collegial support or classroom coaching; 

• the different amounts of time required for each teacher to develop the skills needed for 

effective delivery of the intervention; and 

• middle school teachers without an understanding of science at the level of formal 

operational thinking. 

(Adey, 1999; Adey & Shayer, 1990; Shayer & Adey, 1992) 

Although the achievement of three of the experimental groups was substantially greater than the 

control, this small increase in cognitive development had virtually disappeared in experimental 

classes one year after the intervention. The exception was the laboratory classes taught by the 

researcher. In the year after the intervention, the cognition of students in these classes continued to 

develop significantly faster than those in the control group (Adey & Shayer, 1990). 

Results from the 1987 science achievement test indicated no difference between the results of the 

experimental and control classes. However, when students sat a science achievement test in 1988, 

one year after the completion of the intervention, their results were significantly better than those of 

the control groups. 

Table 2.8 provides a summary of the 1988 science achievement test results, one year after the 

completion of the intervention. The name of the student group is listed in the first column and the 

average positive effects for each group, compared to the control, are recorded as standard deviations 

in the second column (Shayer & Adey, 1992). 
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Table 2.8 

Science achievement test results, 1988 

Student Group Average Positive Effect Relative Control 
(Std Deviations) 

Girls 11+ 
 

0.6 
 

Girls 12+ 0.4 
 

Boys 11+ 0 
 

Boys12+ 1.14 
 

 

The positive effects of the intervention continued to increase compared to the control group over the 

two or three years after the completion of the intervention. This was referred to as the ‘far-transfer 

effect’, the result of a continued improvement in both learning and cognition for those who had 

been involved in the intervention. This improvement was observed in the science, mathematics and 

English in the GCSE examination results of the original 11+ and 12+ students (Adey & Shayer, 

1990). The far-transfer effect had also been observed by Feuerstein et al. (1980). 

 

The results of the 12+ boys indicated that an intervention could be used to accelerate the 

development of cognition and double the number of boys attaining the formal operational thinking 

required for mastery of science courses. Results from the control group demonstrated that 

traditional science teaching would not change the rate at which cognition developed (Adey & 

Shayer, 1990). 

 

Age and gender differences were observed in the responses of students to different problems. The 

researchers thought that boys may have had more experience than girls in understanding questions 

related to volume and density and there was an expected gender difference in spatial relations 

(Howe & Shayer, 1981). For example, boys performed better on Class-task 1, Spatial Concepts, 

from ages nine to 14. The researchers suggested that because girls’ spatial abilities were less 

developed than boys’, they experienced greater difficulty with Class-task I. Boys also performed 

better in Class-task II, the Volume and Heaviness Test. The researchers considered that this was due 

to the different interests and experiences of boys and girls in relation to the conservation of 

quantity, weight and volume and their contribution to the determination of density. However, when 

girls were exposed to these experiences in class, their results were equal to those of the boys. Both 
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boys and girls performed equally well in Class-task III, The Pendulum. The researchers considered 

that this was because the tasks did not depend on specific life experiences but related, more 

generally, to the ways in which the students approached the investigation and the analysis of 

observations. 

 

The questions raised by the results from the intervention indicated that further research was required 

(Shayer, 1999). From 1991 to 1993, further results from 63 classes in eight schools became 

available. The effect sizes varied from 0.29 to 1.12. Results in the Year 9 Key Stage 3 Test results 

were higher in CASE schools than in the schools used as controls (Adey, 1999). 

 

2.6.1 Levels of use 

Levels of use are directly related to the successful implementation of any intervention. For example, 

Adey et al. (2004) report a very significant link between teachers’ level of use of Thinking Science 

lessons and the cognitive gains of their students. However, it can never be assumed that an 

innovation will be implemented in classrooms just because a decision has been made to implement 

it in a science department, or because teachers have attended professional development sessions 

(Gusky & Huberman, 1995; Hall & Loucks, 1977; Lendrum & Humphrey, 2012). Adey et al. 

(2004) found that there was a correlation between the class mean cognitive gain and the teacher 

level of use: “The Spearman Rank correlation between the level of use and students’ cognitive gain 

was 0.6 (p<.01)” (Adey et al., 2004, p. 73). This occurred at a time when teachers were 

participating in Thinking Science professional development. 

 

2.7 Professional development 

Over the years many researchers have investigated the factors that might influence positive student 

learning outcomes. For example, Edmonds’ (1979) research concluded that one major influence was 

the quality of schools. He identified the characteristics of an effective school as: 

 

1. strong administrative leadership; 

2. high expectations; 

3. an orderly atmosphere; 

4. basic skills acquisition as the school’s primary purpose; 

5. capacity to divert school energy and resources from other activities to advance the school’s 

basic purpose; and 

6. frequent monitoring of pupil progress.  
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Although Edmonds (1979) concluded that the actions of teachers had a significant effect on student 

outcomes, compensating for both cultural and socio-economic differences, he did not include them 

as major determinants of student success at school. Other researchers emphasised the influence of 

factors such as socio-economic background, teacher–student ratios, class sizes, teacher education, 

teacher experience, teacher salary, financial resources, resources, teaching methods, organisation of 

classrooms, educational leadership, school ethos, administration and facilities (Fraser et al., 1987; 

Hedges et al., 1994). However, more recent research indicates that, compared to the quality of 

teaching and learning, these factors contribute only about 15 per cent of the influence on student 

outcomes. The quality of teaching and learning has the greatest influence on successful student 

outcomes and is fundamental to change and improvement in school culture and student outcomes 

(Darling-Hammond, 2000; Goodrum & Rennie, 2007; Hattie 2003; Rowe, 2003; Timperley, 2008). 

 

The need for change from a transmission approach to teaching and learning to an inquiry approach 

in which students participate actively in their learning has been recognised for five decades (Barnes, 

1976; Moffett, 1968). Over the last 20 to 25 years there has been an increasing awareness of the 

need for a change in the approach to pedagogy in Australian science classes from a transmission 

model to an inquiry model in which students’ minds are actively and purposefully engaged in 

thinking and learning at a deep level. This awareness has been based on observations of science 

teaching during this period. For example, in 2001, Goodrum et al. surveyed 209 primary and 296 

secondary science teachers. Although they found variability amongst the schools studied, in many 

schools both the teachers and their students reported that teacher-centred transmission approaches to 

teaching and learning were most frequently used in science classes in the form of ‘chalk and talk’, 

copying notes, recipe-style practicals and an over-reliance on text books, none of which provided 

challenge or interest, or allowed students to participate in their learning in ways indicated in the 

curriculum document. Rote learning and closed questioning have been observed to predominate in 

science classes over many years since writing has generally consisted of copying information, 

completing short answer questions, recording practical work or completing examinations. 

Discussions have generally been directed to and by the teacher. Academic rigour has generally 

implied further rote learning (Durst & Newell, 1989; Halliday & Martin, 1993; Prain, 1995; Reaves 

et al., 1993; Yore et al., 2003). 
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2.7.1 The implementation of effective professional development 

The success of the Thinking Science professional development program in schools depends on the 

implementation of effective professional development. Professional development is defined as 

effective when it changes teachers’ pedagogical practice and results in an improvement in student 

learning outcomes in the targeted area (Adey et al., 2004; Dow, 2006; Johnson et al., 2006; Rowe, 

2003; Timperley, 2008; Toole & Louis, 2002). 

 

Professional development that supports innovative pedagogy, such as Thinking Science frequently 

results in little impact on the classroom practice of teachers (Adey et al., 2004). Over many years, it 

has been recognised that the professional development of teachers, and teacher education in general, 

has been based on assumptions rather than on substantial empirical evidence (Birman et al., 2000; 

Jeanpierre et al., 2005; Ramsay, 2000). Thus, it is necessary to focus not just on professional 

development but on the characteristics most likely to ensure that it is successful in developing 

teachers’ pedagogical skills and improving student outcomes (Gore, 2019; Gore, Lloyd et al., 2017). 

 

The approach most likely to contribute to an improvement in student outcomes is a commitment to 

the continuing professional learning of teachers. A school environment that encourages or 

discourages professional development influences its success or failure as a school (Desimone, 2000; 

Gore, Mockler et al., 2017; Kalantzis & Harvey, 2002; Ramsay, 2000). It is unlikely that any 

changes will be sustained without such a commitment (Adey et al., 2004; Goodrum & Rennie, 

2007). 

 

All social interactions are complex and the provision of professional development for teachers is no 

exception (Adey et al., 2004; Fullan & Hargreaves, 1991; Gore, 2019; Gore, Lloyd, et al., 2017; 

Tytler, 2007). The problems which are commonly experienced in the delivery of effective 

professional development may be related to the unique culture of each school. The following 

examples demonstrate the complexity of the relationship between the professional development of 

teachers, improvement in teaching and student outcomes: 

 

• the failure of the principal to take an active role in the implementation of professional 

development (Adey et al., 2004; DuFour, DuFour et al., 2010; Elmore, 2000; Fullan, 2015); 

• low morale of teachers (Day & Smethem, 2009; Darling-Hammond et al. 1999; Hargreaves, 

1995); 
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• lack of acknowledgement of the importance of pedagogy within the school culture (Darling-

Hammond et al. 1999; Gore, 2007; Gore, Lloyd et al., 2017); 

• a lack of appropriate, pedagogical support for early career teachers resulting in a 

perpetuation of what is deemed to work by those in positions of influence within a 

department; conditions within a school which prevent teachers from fully implementing 

their professionalism (Darling-Hammond et al., 1999; Martinez, 2004); 

• scant acknowledgement of teachers’ current contributions in the classroom; a failure to 

consider the whole school context and the teachers’ work within that context; presentation 

of material which is not viewed as useful by teachers (Darling-Hammond et al., 1999; Bowe 

& Gore, 2017); 

• a lack of long-term support, whilst new pedagogical approaches are explored and adopted 

(Adey et al., 2004; Goodrum & Rennie, 2007; Gore, Mockler et al., 2017; Johnson et al., 

2006); 

• a failure to integrate theory with practice (Adey et al., 2004; Berman & McLaughlan, 1976); 

• a lack of recognition of the need for pedagogical development throughout a teaching career; 

teaching cultures that do not recognise a need for change or maintain a conservative 

approach; individual rather than shared responsibility for student learning (Gore, 2019; 

Bowe et al., 2010; Johnson et al., 2006); 

• the use of expensive, charismatic speakers with no substantial follow-up; no direction about 

how to recognise and build effective collegiality (Gore, Mockler et al., 2017; Gore, 2007); 

• a disregard for teachers’ beliefs about teaching (Gore, Mockler et al., 2017; Guskey & 

Huberman, 1995); 

• a lack of executive support (Supovitz & Turner, 2000); 

• unrealistic planning in the hope of a quick fix; a history of innovations, or fads, based on 

little or no empirical research, or which have been poorly implemented with no 

demonstrable positive effect on student outcomes (Fullan & Hargreaves, 1991; Hargreaves, 

1995; Lendrum & Humphrey, 2012); 

• lack of ownership of particular professional development by the teachers involved—a 

culture of professional development being done to teachers rather than with regard to them 

(Adey et al., 2004; Fullan & Hargreaves, 1991; Lortie, 1975); and 

• beliefs about teaching and learning which teachers have absorbed as a result of their own 

experiences over many years as students themselves. These beliefs have generally not been 



60 
 

analysed and frequently cause teachers to revert to teaching as they were taught (Gore, 

Mockler et al., 2017; Lortie, 1975; Richards & Pennington, 1998). 

 

Because the culture and situation of each school community varies, a lack of certainty exists about 

which factors will provide positive outcomes for any one professional development program. 

However, a number of factors have been identified as most likely to contribute to effective 

professional development. These include: 

 

• active support for teachers from the school executive (Adey et al., 2004; Fullan & 

Hargreaves, 1991; Supovitz & Turner, 2000); 

• an active acknowledgement of the importance of teachers’ beliefs about their work (Gore, 

Mockler et al., 2017; Penuel et al., 2007); 

• the development of effective collegiality between all those actively involved in the 

professional development (Adey et al., 2004; Borko, 2004; Bowe & Gore, 2017); and 

• the provision for 20–30 hours of classroom practice and coaching or mentoring support for 

teachers over an extended period of between one semester and two years depending on the 

complexity of the skills, (Adey et al., 2004; Black et al., 2003). 

 

Research indicates that long-term professional development is required when teachers are learning 

new pedagogical skills, and that short professional development sessions are less effective because 

they occur without continued support for teachers as they acquire new skills (Adey et al., 2004; 

Alton-Lee, 2008; Fullan & Hargreaves, 1991; Gore, 2019; Joyce & Showers, 1988). As teachers 

learn new pedagogical skills, the progress is rarely smooth. It is a slow process with improvement 

and regression along the way (Adey et al., 2004; Alton-Lee, 2008; Fullan, 2015; Fullan & 

Hargreaves, 1991; Goodrum & Rennie, 2007; Joyce & Showers, 1988; Joyce & Weil, 1986). It has 

been observed, as with all other skill acquisition, that the more complex the new skill the longer it 

takes to acquire fluency (Joyce et al., 1981). The prevalence of short-term professional development 

over one or two days fails to acknowledge this. These observations indicate that, in addition to 

quality initial teacher education, quality professional development is also required to support the 

long process of pedagogical skill development. Learning to use new pedagogies takes time and 

requires training and practice, because a commitment to such learning is deeply affected by many 

factors, such as levels of teacher cognition and beliefs about teaching and learning (Gore, Mockler 

et al., 2017; Showers et al., 1987). 
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Teachers require time to prepare and trial innovations in their classrooms, to learn new skills and to 

reflect on how the new pedagogy affects student learning. Thus, many researchers conclude that a 

long-term approach to professional development is necessary if it is to be effective in attaining and 

maintaining quality teaching throughout a teacher’s career (Adey et al., 2004; Black & Wiliam, 

1998a; Goodrum & Rennie, 2007; Gore, 2019; Hargreaves, 1995; Johnson et al., 2006; Penuel et 

al., 2007; Russell et al., 2001). The largest gains are observed when the research on which the 

professional development is based, is followed with fidelity (Adey et al., 2004). 

 

Both informal and formal evaluation of the effectiveness of a professional development program is 

essential so that the extent to which the intended outcomes have improved for both teachers and 

students is clearly understood (Adey et al., 2004, Gore, 2019). 

 

There is evidence that long-term professional development based on enquiry teaching and learning 

is more effective than the use of traditional methods, such as lectures and workshops, because it 

engages teachers in an innovation at greater depth, provides long-term support from the 

development of effective collegiality, mentoring and coaching all of which are observed to result in 

greater success in the implementation of the innovation (Cohen et al., 2003; Garet et al., 2001; 

Penuel et al., 2007). 

 

Teachers require the same enquiry approach to learning as their students so that they learn by using 

the same methods as those advocated for the classroom. According to Jeanpierre et al. (2005, p. 

670) science teachers, like their students, have been shown to respond more effectively to enquiry 

learning in which they: 

 

• are engaged by scientifically oriented questions; 

• give priority to evidence, which allows them to develop and evaluate explanations that 

address these questions; 

• formulate explanations from this evidence; 

• evaluate their explanations in the light of alternatives, particularly those reflecting scientific 

understanding; and 

• communicate and justify their proposed explanations. 
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Effective professional development is complex. Researchers commonly assert that teachers need to 

feel motivated to learn new pedagogies. They require the presentation of a clear picture of what 

constitutes effective teaching and learning in the classroom, the modelling and observation of 

teaching innovations, many opportunities to practice new pedagogical skills over a period of two 

years, acknowledgement of the emotional aspect of change in practice and support and 

encouragement as they work through this, the development of effective collegiality, the ability to 

pose challenging questions and to teach students effectively in groups and the need to demonstrate 

new pedagogical skills in an assessable way so that constant improvement can occur (Hargreaves, 

1995; Jeanpierre et al., 2005; Loucks-Horsley, 1998). 

 

The likelihood that long-term change will occur and become integrated into the school culture 

depends on the extent to which teachers become committed to a program and on the structures 

provided to sustain it once it has been completed (Timperley, 2008). Change is demanding and 

effortful. It may threaten the existing interests and beliefs of potential participants (Hargreaves, 

1995). As teachers acquire new pedagogical skills they will generally work through experiences of 

deskilling as they relinquish a former pedagogy with which they are accustomed. During this 

process they generally experience anxiety, frustration and a lack of confidence. Then, with practice 

and support, fluency in the new skill develops. This experience is often referred to as the U-curve 

(Mevarech, 1995). If there is not adequate support during this time, teachers are likely to revert to 

their previous pedagogical practice (Gershkoff-Stowe & Thelen, 2004; Mevarech, 1995). It has 

been observed that the process of skill acquisition related to new pedagogical practices takes 30 

hours of classroom practice, or two years of teaching (Joyce & Showers, 1988). Thus, agreement by 

all participants about why a particular intervention is to be implemented, and the nature of the 

expected outcomes, increases the probability of whole school commitment to change (Adey et al., 

2004; Goodrum & Rennie, 2007). It is essential that teachers and the executive discuss the process 

of change during professional development to ensure that it continues to support the school aims 

and policies and teachers’ perceptions of their professional needs and the learning goals they have 

for their students (Adey et al., 2004; Alton-Lee, 2008; Fullan & Hargreaves, 1991; Jeanpierre et al., 

2005; Penuel et al., 2007). 

 

2.7.2 The necessary contribution of senior school management 

Research over the past 25 years has demonstrated that, to increase the likelihood of effective 

professional development, which improves both the pedagogy of teachers, and student outcomes at 

a whole school or faculty level, the active support of the principal is crucial during planning and 
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delivery (Adey et al., 2004; Fullan & Hargreaves, 1991; Goodrum, et al., 2001; Supovitz & Turner, 

2000; The Wallace Foundation, 2013). 

 

The principal plays a central role in bringing stakeholders together. Their inclusion in decisions 

about the possible implementation of an intervention is very likely to promote ownership, unity of 

vision and collegiality within the school (The Wallace Foundation, 2013). The active involvement 

of a principal, who understands what is most likely to result in effective professional development, 

leads to a positive and inclusive approach, and thus influences teaching and learning in classrooms 

in a beneficial way (Adey et al., 2004; Bowe et al., 2010; DuFour & Berkey, 1995). A meta-

analysis of research into the active involvement of principals in teacher professional development 

by Robinson et al. (2008) indicated that it had an effect size of 0.84 on student outcomes. 

 

Professional development in schools is often planned without a clear, overarching purpose, which 

has been discussed and agreed by all stakeholders. The active support and involvement of senior 

school management in the planning and implementation of any professional development program, 

including Thinking Science, is critical for all aspects of its success (Adey et al., 2004; Cady et al., 

2006; Fullan & Hargreaves, 1991; Goodrum, et al., 2001; Supovitz & Turner, 2000). The senior 

school management can foster the development of support from all stakeholders, including parents 

and students. It can establish a school ethos in which professional growth is viewed as necessary 

and worthwhile, and develop processes that lead to the development of a unity of vision, 

collegiality, classroom coaching, evaluation of professional development outcomes, feedback, and 

the long-term sustainability of the innovation (Adey et al., 2004; Bowe et al., 2010; Bowe & Gore, 

2017; DuFour & Berkey, 1995). 

 

Both the senior school management and teachers must be assured that the innovation on which the 

professional development is based has a valid, reliable theoretical base (Adey et al., 2004; DuFour, 

2004; Guskey & Huberman, 1995). When this does not occur, innovations tend not to deliver the 

expected improvements. Often, further changes are implemented before those already introduced 

have been adequately consolidated into the teachers’ repertoire and the school culture, thus creating 

change that is fragmented and overwhelming (DuFour & Berkey, 1995; Fullan, 1999; Russell et al., 

2001). Teachers in such situations develop a negative and defensive attitude that innovations are 

fads that fail to create results (DuFour, 2004). 
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All work in schools, including teaching, has a strong emotional and moral basis which is reflected 

in a sense of purpose. This consciously or unconsciously motivates both the senior school 

management and participating teachers (Fullan & Hargreaves, 1991; Hargreaves, 1995). At the 

outset of any professional development program, this sense of purpose must be clarified so that both 

senior school management and teachers can justify their willingness to undertake particular 

professional development to themselves, their students and other stakeholders within the school 

community. They also need to understand what needs to change, how this differs from their current 

practice and how it connects to their sense of purpose as a teacher in relation to the range of 

students they encounter. Understandings, such as these, can lead to a sense of ownership of the 

innovation and a desire for involvement (Adey et al., 2004; Fullan & Hargreaves, 1991; Goodrum et 

al., 2001; Gore, Mockler et al., 2017; Liebowitz & Porter, 2019). 

 

The need to be listened to and to that feel one’s views have been seriously considered is a basic 

human need, necessary for the building of both the rapport and inclusion within a group. It also 

promotes the development of unity of vision and ownership (Bruneau & Saxe, 2012). Thus, it 

would seem to be imperative that teachers should be consulted as equal partners whenever 

pedagogical change is considered, as it is they who must attempt the changes (Dow, 2006). 

Teachers need to participate in discussions that provide more than a ratification of decisions, which 

may have already been made by the senior school management or the head of science (Adey et al., 

2004). Such a lack of consultation, and involvement in the decision-making process, increases the 

likelihood that they will, at some level, resent the intervention and resist change (Adey et al., 2004; 

Guskey & Huberman, 1995).  

 

Professional development in any school is likely to reflect the approaches to pedagogy most 

prevalent in the school culture. According to Fullan and Hargreaves (1991) a passive view of 

teachers is frequently adopted by the school executive and professional development is done to 

teachers rather than with them or by them. Teachers’ prior learning is rarely taken into account or 

valued during professional development. Where they have reached in their career or their lives, their 

sense of purpose in the classroom and the emotions that drive it, the beliefs which determine the 

nature of their classroom practice and the context in which they work are all generally ignored 

(Hargreaves, 1995). In any faculty, it is likely that teachers will be at different stages of their careers 

and in their lives. Thus, a teacher at the beginning of a career may view learning new pedagogical 

skills differently from one with many years of experience who considers that his classroom practice 

works, or from those near to retirement who may no longer consider new learning relevant. These 



65 
 

differences emphasise the need to create a school culture in which learning over one’s career is the 

expected norm and can be justified by approaches to effective professional development that 

increase positive outcomes for both students and teachers (Supovitz & Turner, 2000). 

 

Teaching is a social activity and the ability and willingness of teachers to participate effectively in 

professional development is, in part, dependent on the nature of the support they receive from the 

school leadership and the school community as a whole. They need to be assured that they will 

receive the type of support they require over the period of professional development. From the 

outset, the senior school management must agree to make the necessary structural changes in the 

school, such as teacher release time for formal professional development sessions, time for 

reflection after classroom coaching, collegial discussions, the provision of venues, finance and other 

necessary resources (Adey et al., 2004; Cady et al., 2006; Goodrum et al., 2001). 

 

2.7.3 Teachers’ beliefs 

Teachers’ beliefs influence decisions about whether to participate fully in professional development 

and support a particular innovation, or to pay lip-service only. Teachers’ understanding and beliefs 

about of what is necessary for teaching and learning has a strong impact on their practice and 

affects student learning (Borko & Putnam, 1996; Kagan, 1992; Zohar, 2006). This is significant 

because previous research has noted that it is easier to transform teachers’ knowledge about a 

subject area than to change their knowledge about the nature of teaching and learning (Borko & 

Putnam, 1995).  

 

Teachers’ beliefs are often detailed, strongly held personal ideas about the nature of effective 

pedagogy. Although often expressed as knowledge, many beliefs can be viewed as opinion if they 

are not supported by evidence (Kagan, 1992). Although teachers may not be conscious of their 

beliefs or be able to express them explicitly, they are generally based on strong emotions which 

support their commitment to teaching, their sense of moral purpose and their desire to teach well 

and influence students’ lives in a positive manner (Gore, Mockler et al., 2017; Hargreaves, 1995). 

 

Every aspect of teachers’ work depends, to a large extent, on their beliefs about teaching and 

learning which generally develop from their own experiences as a school student, a practicum 

teacher and as a teacher interacting with other teachers, rather than from their university education 

(Dow, 2006). Teachers generally believe that teaching is not informed by theory but by what they 

have learnt on the job. They generally do not think of their time at university as the time when they 
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learnt to teach. Most teachers consider that they learnt to teach during the survival time of their first 

few years of teaching (Dow, 2006; Guskey & Huberman, 1995). 

 

Beliefs develop over years of involvement in teaching providing a filter through which experiences 

are interpreted (Dow, 2006; Guskey & Huberman, 1995; Jeanpierre et al., 2005; Miles, 1995). In 

addition, no relationship has necessarily been found between the ability to deliver quality teaching 

and years of experience. Years of experience were observed to result in an increase in confidence in 

the classroom which was not a consistent measure of competence (Bowe et al., 2010; Cady et al., 

2006). 

 

If teachers’ beliefs are not challenged during training or professional development, they are likely to 

retain them throughout their teaching careers. The challenging of beliefs about teaching and 

learning is not the norm. For example, practicum teachers and supervisors have been observed 

providing encouragement, rather than the challenging of beliefs. This reinforces the status quo, i.e., 

the use of transmission teaching and a focus on examinations (Hall & Loucks, 1977; Kagan, 1992). 

 

Change requires effort and may produce fear and anxiety if it challenges the existing beliefs of 

teachers. Thus, change may be unwelcomed and problematic for those involved (Adey et al., 2004; 

Hargreaves, 1995). A change in pedagogy is particularly difficult because it involves changing the 

beliefs not only of teachers, but also of members of the senior school management, parents and 

students. Thus, it involves changing the culture of a school. An understanding of the beliefs and 

values which sustain the particular culture of a school can influence the approach to the process of 

change in a school (Brousseau et al., 1988; Gore, Mockler et al., 2017; Stoll, 1998). 

 

All new knowledge is integrated with personal beliefs, and for this reason, teachers’ beliefs are 

fundamental to the success or failure of an innovation and its accompanying professional 

development (Dow, 2006). Just as students bring prior knowledge and beliefs to class (Ausubel et 

al., 1968), teachers come to professional development with prior knowledge and beliefs about 

aspects of their work (Dow, 2006). If professional development is to be effective, teachers must be 

provided with opportunities to reflect on and challenge their established beliefs about teaching and 

learning with evidence from well-researched and evaluated pedagogical theory during both the 

initial and subsequent stages of professional development (Gore, Mockler et al., 2017; Kagan, 

1992). Beliefs are resistant to change and the presentation of evidence on its own, without 

opportunities to reflect, discuss and be challenged is unlikely to affect a teacher’s belief system. 
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Some teachers need to trial the new pedagogy in their classroom before they can accept its claims of 

effectiveness and believe it will work for them and their students (Cady et al., 2006). 

 

Some teachers report difficulties interpreting teaching and learning theory into classroom practice 

(Russell et al., 2001). This can be due to a lack of demonstration, coaching and support, or to 

dissonance between the pedagogical beliefs and knowledge developed during formal training or to 

the pressure to fit into a school culture which expresses contradictory beliefs. A teacher’s beliefs 

about how to teach may be reinforced or changed by other members of a school culture 

(McCormack & Gore, 2008). 

 

Once teachers are aware of their beliefs, there is a greater possibility that they will consider 

developing new knowledge and skills. If new knowledge cannot be integrated with current beliefs, 

the lack of integration will obstruct learning and the application of new knowledge (Adey et al., 

2004; Alton-Lee, 2008; Borko & Putnam, 1995; Fullan & Hargreaves, 1991; Hargreaves, 1995). A 

teacher may modify new pedagogical approaches, for example, so that they are consistent with their 

own beliefs, which they may regard as knowledge. If ideas for professional development are 

congruent with their beliefs, then they will be accepted. Otherwise, they will be automatically 

dismissed (Dow, 2006). To this end, teachers will often resist or reshape professional development 

intended to change their pedagogical practice (Supovitz & Turner, 2000). 

 

2.7.4 Collegiality 

A school culture in which effective collegiality has been developed, both formally and informally, 

is more likely to be able to support teachers as they learn new pedagogical skills and absorb them 

into the fabric of teaching and learning in a school (Adey et al., 2004). 

 

Effective collegiality can be defined as collaboration amongst colleagues with shared beliefs and 

values, and respect for one another’s contributions as they work towards a common purpose. It 

provides the opportunity for teachers to reflect on their practice together, and to break down the 

isolation of the classroom and the competitive aspect of teaching. Effective collegiality develops a 

trusting environment in which teachers are provided with the opportunity to accept a joint 

responsibility for the quality of teaching and learning (Adey et al., 2004; Fullan & Hargreaves, 

1991; Stoll et al., 2006). Complexity is likely to arise from the school and department politics and 

individual approaches to teaching and learning. Thus, the aims of collegiality need to be clear and 

open to discussion (Hargreaves, 1995). 
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For example, effective collegiality was one of the variables identified as influencing the successful 

implementation of Thinking Science in a school. This stems from the inclusion of all stakeholders in 

the initial decision to adopt the intervention, and is developed further by continuing feedback, 

support, and the development of trust, respect and authentic, supportive communication between 

those involved during the long process of pedagogical change (Adey et al., 2004; Fullan & 

Hargreaves, 1991; Russell et al., 2001). Without this understanding, and the modelling of effective 

collegiality by the senior school management, it is difficult to develop effective collegiality within a 

science department (Little, 2002; Stoll et al., 2002). 

 

Research indicates that participation in effective collegiality is not commonly experienced by 

teachers and that, if it is not developed, there will be no increase in the likelihood that professional 

development will be effective (Bowe et al., 2010). 

 

Collegiality can develop in a number of ways, some of which may stifle the development of 

effective collegiality, and the opportunities for personal and professional growth that it provides. 

For example, collegiality can develop in the form of ‘group think’ in which there is pressure to 

conform to group beliefs and practices together with an automatic suppression of one’s own 

knowledge and experience. Teachers may work in an environment of ‘contrived collegiality’ which 

may be the result of a political decision imposed from above, requiring teachers to collaborate 

because they have been instructed to do so for a particular reason at a particular time and place 

(Hargreaves, 1995). This may, on occasions, be effective (Fullan & Hargreaves, 1991). Another 

form of collegiality is referred to as ‘Balkanisation’. This develops when people with similar views 

form separate and possibly competing groups. Their similar views have the effect of preventing 

open discussion, creating exclusion, defensiveness and a status quo. ‘Comfortable collegiality’, 

commonly occurs in staff rooms and faculties and refers to the development of group camaraderie 

and consensus about teaching and learning. When ‘comfortable collegiality’ occurs, teachers may 

provide advice to colleagues, share strategies and resources, coordinate practical requirements and 

celebrate significant personal and group occasions. Very little discussion occurs about practice or 

classroom issues that may concern teachers (Fullan & Hargreaves, 1991). However, ‘comfortable 

collegiality’ can build the foundations of effective collegiality by creating the positive, friendly 

relationships within a school which are required if effective collegiality is to evolve (DuFour, 2004; 

Guskey & Huberman, 1995). 
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The development of effective collegiality in a school requires a systematic process during which 

teachers are provided with a trained facilitator and a guide for productive discussion based on 

evidence. Over time, with practice and support, teachers can adopt effective collegiality, an 

approach to teaching and learning which both validates teachers’ classroom experience and exposes 

them to new ideas in a reflective, positive way (Adey et al., 2004; Fullan & Hargreaves, 1991). 

Effective collegiality ensures that teachers’ concerns and experiences are acknowledged without 

fear of criticism or humiliation, and issues that affect teachers work can be discussed, analysed and 

evaluated with colleagues (Fullan & Hargreaves, 1991; Joyce & Showers, 1988). Such collegiality 

can reassure teachers faced by the anxiety of changes that threaten their interests and beliefs. It can 

also increase teacher satisfaction by a sense of inclusion and ownership of an innovation, all of 

which contribute to the ability to learn new skills and cause significant change in student outcomes 

(Black & Wiliam, 1998a; Hargreaves, 1995). It also can lead to effective professional development 

which can continue over the span of a teacher’s career (Fullan & Hargreaves, 1991; Hargreaves, 

1995; Lortie, 1975). 

 

One purpose of effective collegiality is to reduce overload, isolation and uncertainty in the 

classroom by encouraging all school staff to learn from and support each other, and to utilise 

individual thinking and creativity so that it can be shared as a part of the overall purpose of 

improving student outcomes (Fullan & Hargreaves, 1991). Isolation tends to foster the uncertainty 

and self-doubt that grow when success is not affirmed, and incompetence remains unsupported. 

This can lead to political difficulties amongst staff members, reduced commitment and motivation 

to participate in professional development designed to introduce effective innovation and result in 

the exclusive use of pedagogies based only on personal beliefs (Kagan, 1992). 

 

Unlike other professions, teaching has no conceptual framework of agreed, evidence-based 

knowledge and practice, therefore it can be difficult to achieve shared agreement about values, a 

knowledge base, a sense of purpose and a common vision of the elements of good teaching on 

which to base professional development and discussion (Bowe et al., 2010). Thus, it generally takes 

time and effort to establish effective collegiality in which teachers feel comfortable reflecting on 

their own beliefs and observing, analysing, evaluating and freely discussing both their own and 

others’ practice (Adey et al., 2004; Alton-Lee, 2008; Bowe & Gore, 2017; Smylie, 1995). Such 

collegiality can initially be challenging and discomforting but it can also open communication in a 

spirit of inquiry (Cady et al., 2006; DuFour, 2004; Hargreaves, 1995). 
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When developing effective collegiality, it cannot be assumed that teachers have the ability to listen 

actively to and discuss different aspects of their beliefs and practice with their peers. Bowe et al. 

(2010) observed that attitudes regarding privacy and etiquette prevented critical analysis of the 

practice of colleagues. For example, it was unacceptable for teachers to talk about their individual 

approaches to teaching or the difficulties that may occur in classrooms. Therefore, professional 

discussion at any time tended to be limited to what was viewed as effective in a classroom and what 

was not. Gore et al. (2017) noted that there was the lack of an agreed conceptual framework to use 

when discussing practice with colleagues. When teachers learnt how to justify their observations 

with evidence rather than using subjective beliefs, opinions and speculation their pedagogical skills 

improved over time. 

 

How collegiality develops in a school is determined by the strategies used by the senior school 

management in implementing the process (Russell et al., 2001). Collaboration amongst teachers and 

between teachers, and the senior school management, is important if collegiality is to be successful 

(Adey et al., 2004; Fullan & Hargreaves, 1991). Active support from the senior school management 

is essential for the creation of an environment in which effective collegiality can develop. For 

example, the senior school management can model collegial relationships and communication 

during decision-making, constructive feedback, evaluation and reflection over the course of an 

intervention (DuFour & Berkey, 1995; Jeanpierre et al., 2005). 

 

2.7.5 Classroom coaching 

Over the past 25 years, research has indicated that teachers are unlikely to become fluent in new 

pedagogical skills, and embed them into their teaching practice, unless they have the support of 

classroom coaching over a period of between two terms and up to two years (Adey et al., 2004, 

Joyce & Showers, 1988; Loucks-Horsley, 1998; Showers & Joyce, 1996). Joyce and Showers 

(1988), in their analysis of research into successful professional development, found evidence that 

strongly suggested that professional development which neglected classroom coaching was 

ineffective and a waste of time, effort and money. Only recently has the relationship between 

classroom coaching and effective professional development become the subject of meta-analysis 

and further research (Kraft, Blazar & Hogan, 2018). 

 

During skill acquisition, even experienced teachers are likely to feel deskilled and anxious for a 

time before they become fluent in the skill and have integrated it into their regular teaching. 

Without support from classroom coaching, teachers are likely to give up attempting new skills and 
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revert to what they have always done (Loucks-Horsley, 1998; Mevarech, 1995; Showers et al., 

1987). Coached teachers who have achieved fluency, tend to increase their use of new skills. 

Teachers who do not receive coaching may intend to use the new skills but, in fact, use them little 

or not at all after the initial professional development session. Without the support of coaching, 

most teachers experience difficulty achieving fluency and integrating the new skills into their 

teaching practice. Many become overwhelmed by the volume of their work and thus, six to nine 

months after the initial professional development, in spite of the best of intentions, implementation 

of the new skills becomes too difficult and is dropped (Adey et al., 2004). 

 

Classroom coaching may include demonstrations, observation, critique, discussion, lesson videos, 

team teaching and peer coaching, each structured according to the needs of individual teachers and 

accompanied by feedback from the coach and discussion between the coach and the teacher (Adey 

et al., 2004; Russell et al., 2001). Effective classroom coaching can be successfully established if 

the senior school management provides long-term leadership and support and the resources of time 

and personnel essential for the coaching program (Adey et al., 2004).  

 

Coaching provides an opportunity to challenge a teacher’s current practice enabling them to become 

aware of the differences between their current practice and beliefs and those advanced by the 

innovation. Classroom coaching provides opportunities for specific skills to be demonstrated, 

practised and critiqued in the context of the teacher’s own classroom in which the teacher retains 

control of the lesson (Adey et al., 2004; Goodrum & Rennie, 2007).  

 

2.7.6 The development of pedagogical skills which focus on thinking 

Having observed that the quality of pedagogy in schools that participated in the NSW Quality 

Teaching Program was not high, Gore (2007) suggested that effective, evidence-based pedagogy be 

included as a focus of teacher training. This suggestion was supported by research from Australia, 

the United States and Sweden, which demonstrated that the development of quality teaching was 

inhibited by a lack of quality training in pedagogy during initial teacher training and a lack of high-

quality professional development in schools (Lyons, 2006). 

 

The ability to develop pedagogical skills which focus on student thinking, as opposed to rote 

learning, was found by Cady et al. (2006) to depend largely on the intellectual development of the 

teachers themselves. They observed that teachers who viewed knowledge as proven and certain 

were most likely to believe that they should know all the answers. These teachers viewed 
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knowledge as information confirmed to be true by an external authority and viewed their purpose to 

be the accumulation and memorisation of specified scientific knowledge. The teachers who viewed 

knowledge as information that they could accept or refute as a result of their own processes of 

critical thinking were more likely to acknowledge the importance of student thinking and the value 

of listening to it. These teachers were also aware of the continuing development of their own 

thinking about scientific concepts and issues. This made it easier for them to relate to student 

thinking and learning, to consider other points of view and model discussion for students. Teachers 

who viewed knowledge in this way were observed to be able to learn and use pedagogies that 

focused on student thinking. They were able to stimulate student intellectual growth by encouraging 

students’ active involvement in critical thinking which could develop a deep understanding of 

scientific concepts. These teachers and students were able to justify their own thinking and did not 

view external authorities as the sole source and justification of knowledge that could be considered 

to be true. 

 

Cady et al. (2006) found that teachers’ intellectual development or level of cognition influenced the 

success of professional development. Teachers with higher levels of cognition who justified an 

innovation by using critical thinking in relation to evidence, experienced some initial difficulty 

during the acquisition of new skills but were able to sustain skill development themselves over a 

period of time, some for as many as six years after the completion of the professional development. 

Teachers with lower levels of cognition who depended on external authority to justify their thinking 

experienced difficulty developing new skills without continued support. Moreover, once support 

was withdrawn, they returned to traditional transmission teaching. 

 

2.7.7 Support from materials 

Professional development depends on teachers having access to high quality, accessible resources 

designed to support them as they learn new skills (Adey et al., 2004). Thirty Thinking Science 

lessons with teachers’ notes are provided with the Thinking Science intervention. This resource 

helps to direct the intellectual and practical work required for a deep change in pedagogical practice 

to occur. It provides support as teachers develop and become fluent in new pedagogical skills 

through practice, coaching and effective collegial discussion (Adey et al., 2004; Alton-Lee, 2008). 

The extent to which teachers use the resources provided is related to the degree to which the 

professional development successfully raises the level of student outcomes (Adey et al., 2004). 

 

  



73 
 

2.8 Thinking Science professional development 

The Thinking Science model of professional development was developed by Shayer and Adey 

(Adey et al., 2004). It aims to develop a deep level of change in teachers’ pedagogic practice from 

transmission teaching to an evidence-based enquiry model. 

 

The rationale within the Thinking Science model of professional development, which allows for 

long-term support for teachers over a two-year period, is based on the knowledge of the amount of 

time it takes for teachers to develop new pedagogical skills, to reflect on their practice and to 

develop effective collegiality. The largest gains are observed when a program of professional 

development based on research is followed with fidelity. 

 

Effective professional development changes teachers’ pedagogical practice and improves student 

outcomes. Thinking Science professional development aims to develop a deep level of change in 

teachers’ pedagogic practice. Delivery of professional development depends on the social 

interaction of teachers and models the teaching methods introduced by the innovation. The Thinking 

Science professional development program was developed from research, observation and 

experience which suggested that effective professional development should include the following 

(Adey et al., 2004): 

 

• it relates to the decisions of government agencies beyond the school such as the 

requirements to implement the Australian National Curriculum and Standards; 

• senior school management and members of the science department have a shared vision of 

the aims and benefits of the innovation; 

• involvement of all members of the science department within a school; 

• teacher ownership of the innovation and understanding and acceptance of its theoretical 

research base; 

• initial in-service days at the beginning of the two years to provide teachers with the 

opportunity to study and question the theory and develop ownership based on 

understanding; 

• delivery over two years, providing long-term support through the development of effective 

collegiality and classroom coaching; 

• teachers are provided with opportunities to reflect on their knowledge, attitudes and beliefs, 

and are given support to do so because: 
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cognitive acceleration is a subtle process that requires considerable investment of 

time and effort by teachers and by students over at least two years (Adey, 1999, p. 

35); 

• high-level use of effective support materials by teachers; 

• the use of tutors to deliver the professional development because print resources or software 

packages cannot deliver effective professional development (Adey et al., 2004); 

• training of coordinators to run effective professional development within the school to 

initiate new teachers and ensure long-term sustainability of the program; and 

• assistance with the practical aspects of implementing the innovation (Adey et al., 2004). 

 

The conditions, derived from Thinking Science professional development (Adey et al., 2004, p. 172) 

which I attempted to use during this investigation included: 

 

• the involvement of all stakeholders in decision-making about the proposed professional 

development to create a unity of understanding about the nature of the innovation and its 

purpose (Adey et al., 2004; Dow, 2006). In this investigation the stakeholders were 

identified as the principal, the dean of teaching and learning, the head of science, science 

teachers and laboratory assistants. Professional development is more likely to have 

successful outcomes for teachers and schools if all participants involved in the delivery of an 

intervention are involved in the decision to participate (Adey et al., 2004; Borko & Putnam, 

1995; Joyce & Showers, 1988; Newman & Associates, 1996); 

 

• the development of ownership of the program through an understanding of the theoretical 

foundation of the intervention and participation in decision-making (Adey et al., 2004); 

 

• the development of effective collegiality amongst all stakeholders to maximise support as 

new pedagogical skills are developed. The actions of the senior school management are 

essential for the development of effective collegiality in a school by regarding the 

intervention as an integral school goal and by making themselves available to discuss 

progress with stakeholders (Fullan, 2015; Fullan & Hargreaves, 1991); 

• the ability of teachers to implement the Thinking Science intervention, to use its pedagogy in 

regular science classes and, as a result, to develop student cognition depends on the fidelity 

with which Thinking Science professional development is delivered in schools. Research 
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indicates that this fidelity depends, to a large extent, on the thinking and attitudes of senior 

school management, heads of science, science teachers and laboratory assistants (Adey et 

al., 2004; Fullan, 2015; The Wallace Foundation, 2013). Thus, active support from the 

senior school management is essential (Adey et al., 2004; Borko & Putnam, 1995; Joyce & 

Showers, 1988; Newman & Associates, 1996). Members of the senior school management 

know that professional development is taking place, they understand its aims, the research 

on which it is based and the nature and results of its evaluations (Adey et al., 2004; Cady et 

al., 2006; Supovitz & Turner, 2000). Active support includes a commitment to provide the 

time, finance, personnel and material resources required to carry out the professional 

development effectively for the benefit of teachers and students. Active support also 

includes the involvement, interest and participation of members of the senior school 

management and the development of unity of vision and collegiality between them and the 

teachers engaged in professional development. (Adey et al., 2004; Fullan, 2015); and 

 

• delivery of professional development over a long term so that teachers are supported as they 

practice and acquire new pedagogical skills including the use of classroom coaching (Fullan 

& Stiegelbauer, 1991; Joyce & Weil, 1986). 

 

2.9 Chapter summary 

The literature review has provided the theoretical foundation for this investigation. The Thinking 

Science intervention was based on Piaget and Vygotsky’s theories of cognitive development, and 

the understanding that formal operational thinking is required to comprehend the multivariate and 

abstract concepts of science. The Thinking Science intervention was developed to a large extent by 

Shayer & Adey (1981). This development has been explored from initial investigations of valid and 

reliable ways to measure the cognitive demand of science curricula to the Class-tasks and SRTs 

which measure levels of student cognition. 

 

Research related to CASE, including the development of the CAT (Shayer & Adey, 1981), the five 

pillars of CASE (concrete preparation, cognitive conflict, social construction, metacognition and 

bridging) and the Thinking Science intervention were reviewed. The success of the Thinking Science 

intervention depends on a process of effective professional development in schools. Factors which 

are likely to result in effective professional development including, in particular, the contribution of 

senior school management, teachers’ beliefs, collegiality, classroom coaching, support from 

materials and teacher training have been outlined and examined, and the Thinking Science model of 
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professional development has been addressed. The effects of levels of use on the implementation of 

an intervention such as Thinking Science were also considered. Current research into effective 

professional development, its implementation and the difficulties which continue to be experienced 

are described. 
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Chapter Three 

Methodology 

 
3.1 Introduction 

Schools are influenced by a great many social, educational and economic factors and are, therefore, 

complex contexts in which to conduct research. Because of this complexity, variables are difficult 

to identify and often impossible to control and, thus, causes can never be fully and precisely 

determined (Adey et al., 2004; Charmaz, 2006; Eisenhardt, 1989). For example, in the complexity 

of a science department, it is difficult to determine the extent to which professional development, 

teachers’ beliefs about pedagogy, interactions between individuals within the department and 

between individuals and senior school management, contribute towards approaches to professional 

development and to teaching and learning in the classroom. For these reasons, the philosophical 

approach to this doctoral research was based on Grounded Theory (Charmaz, 2006; Glaser, 1978, 

1992, 1994, 1995, 1998, 2002; Strauss, 1987; Strauss & Corbin, 2008). 

 

 Research using Grounded Theory systematically investigates a substantive area, in this case 

‘evidence-based pedagogy that develops student cognition’. The aim and the research questions are 

drawn from the substantive area: evidence-based pedagogy that develops student cognition. 

The aim was: to deliver Thinking Science professional development over a period of two years, and 

support science teachers to become fluent in evidence-based pedagogy which has been shown to 

stimulate the development of student cognition or thinking abilities. 

 

As outlined in Chapter 1, I found it impossible to carry out Thinking Science professional 

development with fidelity to the well-researched theory on which it is based and, as a result, the 

investigation was based on the following questions: 

Research Question 1: 

In what ways did senior school management, heads of science and science teachers respond 

to the introduction and implementation of professional development in general, and the 

Thinking Science intervention and professional development in particular, in their schools? 

 

Research Question 2: 

To what extent did teachers implement the Thinking Science intervention in their classes? 
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3.2 Grounded Theory 

Grounded Theory, unlike scientific experimentation, does not involve collecting data to support or 

refute a preconceived hypothesis (Glaser, 1978). Grounded Theory is a process by which 

hypotheses are induced from data to create an ‘emergent theory’ (Glaser & Strauss, 1967; Glaser, 

1978, 1994). 

 

Grounded Theory was initially developed by Glaser and Strauss in 1967 in response to the need for 

a methodology that could provide authentic and useful information out of the complex interactions 

present in human social settings. Prior to the development of Grounded Theory, qualitative research 

was generally regarded as descriptive and was criticised as biased, unsystematic, lacking analysis 

and of little scientific value (Glaser & Strauss, 1967). It was assumed that, although it could 

produce description, theories could not be developed from it (Charmaz, 2006). The descriptive 

approach was viewed as a way to explore situations to which quantitative, positivist methods could 

then be applied in the form of better designed surveys and experiments. This more scientific 

approach attempted to quantify human experience and generally assumed that researchers, as 

objective observers, contributed nothing of their own beliefs and values to the data and its 

interpretation. This approach was also viewed as limited and was criticised for its inability to probe 

the complexities and depths of human social contexts and to develop new theory (Cresswell, 2007). 

 

Grounded Theory provides a methodology which can be used to access valid, reliable and useful 

information from qualitative data so that it becomes more than descriptive observation. Glaser and 

Strauss (1967) aimed to describe a way to “generate theory implicit in the data rather than confirm 

hypotheses with statistically analysed evidence” (Glaser & Strauss, 1967, p. 48). The different 

academic backgrounds of Glaser and Strauss each contributed to the underlying concepts of 

Grounded Theory. Glaser contributed ideas from positivism providing Grounded Theory with a 

rigorous methodological framework which can be used to induce emergent theory from a systematic 

analysis of data. Strauss had been influenced by the pragmatic, philosophical ideas from the 

Chicago School of Sociology (Bryant, 2009) which emphasised that our concepts of reality, about 

ourselves and our social environment, are constructed through interaction with others. Due to the 

complexity of these interactions, reality is open to interpretation and is not static. For example, 

investigations of social and educational processes depend on the constructs and interpretations of 

both the participants and the researcher (Charmaz, 2006). This approach leads to the analysis of 

data and the construction of theory which can provide a detailed explanation and understanding of 
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the substantive issue whilst “keeping a close correspondence of theory and data”. Thus, theory 

always remains “grounded in data” (Glaser & Strauss, 1967, p. 113). 

 

Three main approaches to Grounded Theory have developed over the past 50 years (Glaser & 

Strauss, 1967). The approach used in this investigation was based primarily on the original writings 

of Glaser and Strauss (1967) and further clarified by Glaser (Glaser, 1978, 1992, 1994, 1995, 1998, 

2002). This approach emphasises that evidence, hypotheses and theory must be allowed to emerge 

from the data without the use of any of the prescriptive structures for data analysis described in a 

second approach by Strauss and Corbin (2008). Glaser considered that prescribed processes such as 

ready-made interview guides, scaffolds for data collection or rigid rules governing the processes of 

Grounded Theory could constrain data collection and analysis and prevent the emergent theory 

developing from it (Creswell, 2007; Glaser, 1998). Glaser (1992) considered that the prescriptive 

structures suggested by Strauss and Corbin (1990) could force categories on to the data rather than 

allowing them to emerge from the data. These views have been the subject of extensive debate. 

Glaser’s view that the use of prescribed processes, as suggested by Strauss and Corbin, may lead to 

the “forcing” of data is considered by some to be debatable (Kelle, 2005). In the view of both 

Glaser and Strauss, researchers use their existing theoretical knowledge to understand, describe and 

explain social phenomena observed during an investigation.  

 

Charmaz (2006) developed a third approach on which this investigation was also based. She 

acknowledged that emergent theory was influenced by the way the investigation was carried out, 

the interactions with the participants and the researcher’s view of the data. She emphasised the need 

to draw primarily on participants’ interpretations of situations—by using their values, views, 

assumptions and beliefs. She acknowledged that conclusions are incomplete representations of the 

perceptions and realities of participants and that any investigation can present only a partial insight 

into complex human situations, rather than objective facts (Creswell, 2007).  
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3.2.1 The approach to sampling 

The following tables provide a summary of research interactions with participants in each of the 

five schools. Table 3.1 provides a summary of interactions with senior school management and 

Table 3.2 provides a summary of interactions with members of science departments.   

 

 
Table 3.1 

Summary of interactions with senior school management 

 
Interactions with Senior School Management: Summary 

 
 

Participants in Each School 
 

Actions 
 

Data Recorded 
 

Principal 
 

Letter requesting initial meeting 
with researcher and stakeholders 
to discuss school’s possible 
participation in the research 
project. 
 
Letter from UWA outlining terms 
of research including 
confidentiality of data and length 
of time locked and retained before 
destruction. 
 
Mid-year interview related to 
Thinking Science Professional 
Development. 
 

Response to letter and initial 
meeting with researcher. 
 
 
 
 
Response to letter from UWA. 
 
 
 
 
 
Written copy of interview from 
data recorder. 

Dean of Curriculum 
 

Invitation to initial meeting of 
researcher and stakeholders. 
 
Interview in relation to Thinking 
Science Professional 
Development. 
 
Meet to organise two days of 
professional development. 
 

Response to invitation to initial 
meeting. 
 
Written copy of interview from 
data recorder. 
 
 
Written record of meeting. 
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Table 3.2 
Summary of interactions with members of science departments 

 
Interactions with Members of Science Departments: Summary 

 
 
Participants in Each School 

 
Actions 

 
Data Recorded 
 

Head of Science Invitation to initial meeting of 
researcher and stakeholders. 
 
Interview in relation to Thinking 
Science Professional 
Development. 
 
Meeting with science teachers. 
 

Response to invitation to initial 
meeting. 
 
Written copy of interview from 
data recorder. 
 
 
Written record of meeting. 

Science Teachers: Volunteers for 
two case studies 
 
 
 
 
 
 
 
 
 
 
 

Provision of two Thinking 
Science Professional 
Development days. 
 
Classroom coaching: two lessons. 
 
Classroom observation: two 
lessons at beginning and end of 
research project. 
 
Interviews at beginning and end 
of project. 
 

Thinking Science Professional 
Development: written 
observations. 
 
Written observations. 
 
Written observations. 
 
 
 
Written copy of interview from 
data recorder. 
 

Remaining Science Teachers 
Provision of two Thinking 
Science Professional 
Development days. 
 
Classroom coaching offered but 
not compulsory: two lessons. 
 

Thinking Science Professional 
Development: written 
observations. 
 
Written observations. 

 

Laboratory Assistants 
 
Discussion. 
 

 
Written observations. 

 

 

Multiple samples, interpreted using Grounded Theory, provide a way to build theory in complex 

social situations (Eisenhardt, 1989). Thus, in this investigation, a sample of five rather than three 

schools were used to account for the possibility that one or more schools may withdraw from the 

investigation. The number of schools sampled provided more opportunities to:  

 

• gain a greater depth of understanding of the processes involved as teachers responded to the 

introduction and implementation of Thinking Science professional development; and 
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• provide a number of opportunities to investigate the extent to which teachers implemented 

the Thinking Science intervention in their classes, thus increasing the likelihood of valid and 

reliable emergent theory (Eisenhardt, 1989; Yin, 2009). 

 

The random and representative samples of a controlled scientific experiment are not used in 

investigations based on Grounded Theory. Rather, sampling, referred to as theoretical sampling, is 

used. Theoretical sampling is determined by its relevance to the research question and the emergent 

theory. Data was coded as it was collected. The coding, analysis and constant comparison of data 

suggested whether further data was required, within the constraints of the available sample, to 

support or refute the emergent theory (Glaser, 1998). 

 

A decision is made to sample a particular group or individual further, or to consult particular 

research literature, based on the ability to provide information about questions raised during data 

analysis (Glaser, 1998). Observations from each sample were “progressively focused” (Stake, 2013, 

p. 7). For example, two principals were interviewed at the beginning of the investigation and two 

towards the end so that questions which arose during data analysis could be addressed during the 

second interview. 

 

Theoretical sampling is normally continued until no additional information arises from the analyses. 

This is referred to as the point of saturation (Glaser, 1978). The identification of this point depends, 

to a large extent, on the judgment of the researcher as well as on the availability of interviewees and   

appointments. In this investigation it was difficult, at times, to continue theoretical sampling as I 

was often unable to return to the interviewee to ask additional questions. The inclusion of five 

schools provided the possibility for theoretical sampling and a sequence of questioning aimed at the 

saturation of an issue. To aim for this, a longitudinal approach was taken to interviews so that 

questions which arose from the coding of initial interviews could be further explored in subsequent 

interviews (Charmaz, 2006). 

 

The school staff sampled included members of the senior school management (principals, deans of 

teaching and learning) and members of the science faculty including laboratory assistants. Two 

teachers from each school volunteered to be observed and interviewed over the two years of the 

investigation. However, as the professional development was offered to all teachers, at times 

additional teachers were observed during classroom coaching and group meetings. This qualitative 

data and quantitative data from SRTs were used to clarify and build understanding from a wider 
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perspective and investigate the problem in more depth and breadth (Creswell, 2007). The data were 

triangulated using a number of different sources and thus contributed to a more rigorous 

understanding of the research questions (Eisenhardt, 1989). 

 

3.2.2 The approach to data collection 

Most data was collected using a qualitative approach to investigate the attitudes, understanding and 

behaviours of stakeholders during the implementation of the intervention. This was collected from: 

 

• field notes written during or directly after a school visit; 

• emails; 

• lesson notes of classroom observations; 

• records of classroom coaching taken during or directly after the lesson; 

• interviews with science teachers who had volunteered to participate in case studies, the head 

of science and the senior school management based on questions designed to lead to 

saturation of core categories identified during analysis (interviews were recorded using a 

dictaphone and written notes); 

• the research literature in response to questions raised through data analysis which could not 

be resolved by further theoretical sampling; and 

• memos recording thoughts and insights which could otherwise be forgotten during the 

process of data collection and analysis. 

 

Quantitative data from SRTs (Shayer & Adey, 1981) were used to assess the cognitive levels of 

students before and after the two-year Thinking Science intervention. 

 

3.2.3 The literature review 

The literature review was related to both the aim and purpose of the investigation. The aim was to 

deliver Thinking Science professional development over a period of two years, and support science 

teachers to become fluent in evidence-based pedagogy which has been shown to stimulate the 

development of student cognition or thinking abilities. The purpose of the investigations was to 

investigate, using Thinking Science professional development, the complex factors in each school 

which encourage or obstruct effective professional development. 
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Literature related to both the aim and the purpose of the investigation was reviewed before 

commencing the investigation to raise awareness of changing views and current thinking to which 

my observations and analyses could be related. A theoretical understanding of the substantive area 

(evidence-based pedagogy that develops student cognition) helps to sensitise the researcher to 

choose questions that are likely to provide data that will inform the research questions (Glaser, 

1978). It was important that preconceived ideas about the possible outcomes of the investigation 

were not inferred from this initial review of the literature (Glaser, 1992). Questions raised during 

data analysis indicated areas in which the research literature might provide additional explanatory 

data. Thus, the review of literature continued throughout the investigation. As Glaser, 2004, p. 46, 

explains: 

 

To undertake an extensive review of literature before the emergence of a core category 

violates the basic premise of GT—that being, the theory emerges from the data not from 

extant theory … Practically, it may well result in the researcher spending valuable time on 

an area of literature that proves to be of little significance to the resultant Grounded Theory. 

Instead, Grounded Theory methodology treats the literature as another source of data to be 

integrated into the constant comparative analysis process once the core category, its 

properties and related categories have emerged, and the basic conceptual development is 

well underway. 

 

3.3 Criteria for the inclusion of schools 

The initial criteria for the inclusion of schools in the sample were that: 

 

• science staff had not previously been involved in a Thinking Science program; 

and 

• the school and science department were willing to participate in 

the research. 

 

Contrary to the first criterion, I accepted School 4 in which some teachers had experienced one day 

of Thinking Science professional development two years previously. Without any professional 

development, members of the science department considered that they had been using Thinking 

Science for two years. I accepted this school because of the possibility that some of the schools 
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might withdraw from the investigation and because of the length of time it had taken me to access 

schools willing to participate. 

 

Guided by the second criterion, attempts were made to acquire a representative sample of schools 

over a range of levels of socio-educational advantage. Although only three schools were required, a 

decision was made to include five to cover the possibility of withdrawal from the investigation. 

Although the five schools exhibited some variation in gender, all were socio-economically above 

average as demonstrated by their ICSEA scores which were all above the mean score of 1000 (see 

Chapter 1, Table 1.1, p. 16) indicating that the student population of each school was skewed 

towards a higher socio-educational group (ACARA, 2014b). 

 

To meet the third criterion, I requested that senior school management, the head of science, science 

teachers and the Year 7 cohort participate in Thinking Science professional development over a 

period of two years. Two teachers from each school were asked to volunteer to participate in 

observations and interviews over the course of the intervention. 

 

In reality, the schools were introduced to Thinking Science professional development and the 

intervention in a number of ways, and the member of staff within each school with whom I was able 

to liaise initially varied to some extent from school to school. Table 3.3 presents a summary of my 

initial point of contact with each school and how the contact came about. The number of each 

participating school is in the first column. The second column lists the initial contact person and the 

third how the contact came about. 
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Table 3.3 

Initial point of contact 

School Initial Contact Origin of Contact 

1 Head of science 
New South Wales Association of 
Independent Schools (NSWAIS) 
professional development 

2 Two teachers Conference of Australian Science Teachers 
Association (CONASTA) 

3 Dean of teaching and learning Through the NSWAIS 

4 Two teachers NSWAIS professional development 

5 Principal Through the NSWAIS 

 

 

School 1 withdrew from the program after six months. Three months after the first professional 

development day, the head of science in School 1 advised me that Thinking Science had first been 

introduced into the school without any professional development for teachers two years previously. 

An analysis of SRTs demonstrated that without professional development, and having been 

provided only with the printed materials and access to the Thinking Science DVD, the effect size for 

each class was zero. In August, School 1 withdrew from the investigation. 

 

School 5: The participation of School 5 was interrupted for three terms by staff illness and a number 

of staff changes within the science faculty but was completed in the following year. 

 

3.4 The initial meeting: Introducing the Thinking Science intervention, professional 

development and investigation 

The Thinking Science intervention and professional development program are based on the CASE 

project, a well-researched and validated theory (Shayer, 1999; Shayer & Wylam, 1978); see Chapter 

2, Section 2.5. 

 

I approached five schools with a view to establishing commitment and a united sense of purpose 

between senior school management and science faculties. To discuss the introduction of the 

Thinking Science intervention and professional development into schools, I invited members of the 
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senior school management, the head of science and science teachers in each school to an initial 

meeting.  

The purpose of the initial meeting was to outline the aim of the intervention, the evidence on which 

it was based and the ways in which it could improve pedagogy and student outcomes in relation to 

the development of cognition and the ability to think. To support the request for a meeting, schools 

were sent a letter from the University of Western Australia outlining the requirements of the 

research and the terms of confidentiality, written information containing a brief overview of the 

Thinking Science intervention and professional development (Oliver et al., 2010), the time required 

and the costs involved (see Appendices A & B). Based on this information, stakeholders could 

make an informed decision about the possible implementation of the intervention in their school.  

 

For practical reasons, science teachers, if unable to attend, could participate in decision-making at 

the faculty level. For such a significant and long-term intervention, the inclusion of parents and 

student representatives, as significant stakeholders in the school, would be desirable and likely to 

contribute to its success (Donnelley, 2007); however, owing to the difficulties experienced in 

organising any initial meetings, this was not possible. 

 

Table 3.4 provides details of school personnel who attended the initial meeting in each school. The 

first column records the school number. The second column records those who participated in the 

initial meeting. 
Table 3.4 

Participants in the initial meeting in each school 

Initial Meeting in Schools 

School Participants 

1 Principal, Head of Science 

2 Head of Science 

3 
Head of Science, Dean of 

Curriculum 

4 Head of Science, 2 Teachers 

5 Head of Science, Teachers 
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3.4.1 Selecting teachers for observation 
 
Because in most schools no initial meeting was held, there was no unity of vision within science 

departments or between science staff and senior school management. Two teachers from each 

school volunteered to participate in case studies and agreed to participate in interviews and 

classroom coaching over the course of the investigation. These teachers were between 25 and 58; 

six were female and two were male and their teaching experience ranged from four to 36 years. 

 

I planned to begin the investigation by observing the regular science lessons of case study teachers 

in each school. Due to organisational difficulties, I was not always able to observe these classes 

until after the initial professional development day. During lesson observations, I sat at the back of 

the classroom or laboratory and recorded my observations of the lesson electronically, or with 

handwritten notes when it was difficult to record classroom activity due to noise and distance from 

students. I transcribed these observations shortly after they had been made and used them to inform 

further questions.  

 

3.5 Testing using SRTII 

SRTII, the Volume and Heaviness Test, was used for the initial testing of Year 7 students’ levels of 

cognition. This SRT was presented on a DVD made available by Dr Mary Oliver, research officer, 

The University of Western Australia (2011). I aimed to test each Year 7 cohort using the DVD for 

consistency of presentation early in the school year, before teachers had completed the first day of 

professional development or used the first Thinking Science lesson with their classes. This was not 

possible in all schools owing to prior commitments on the school calendar. 

 

Table 3.5 records the date of initial professional development and testing in each school using 

SRTII. The number of each school is recorded in the first column. In the second, the date of the 

initial professional development day is recorded and in the third the date on which the SRT was first 

administered to Year 7. The fourth column records whether the SRT was used prior to or post the 

professional development of teachers.  
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Table 3.5 
Dates: Initial professional development day, Science Reasoning Task (SRT), Year 7 

School Date of Initial PD Date of SRT Prior or Post 
Initial PD 

1 Feb 21, 2011 Feb 8, 2011 Prior 

2 Mar 28, 2011 Jun 15, 2011 Post 

3 Apr 29, 2011 Apr 28, 2011 Prior 

4 May 2, 2011 Feb 20, 2011 Prior 

5 Aug 4, 2011 Feb 14, 2012 Prior 

 

 

Table 3.5 indicates that in all schools except School 2, the testing of the Year 7 cohort took place 

prior to the first professional development session. 

 

Although I aimed to deliver the SRT myself, using the prepared SRT DVD for consistency, this was 

not possible to arrange in each school. Table 3.6 outlines the method used to test the initial Year 7 

cohort in each school. The first column records the number of each school, the second the group in 

which students were tested in each school and the final column, the method by which the SRT was 

delivered to students in each group. 

 
Table 3.6 

SRTII: Methods of testing initial Year 7 cohort 

School Student Group Method of Delivery 

1 Year 7 cohort Teachers’ practical demonstration 

2 Year 7 cohort Researcher using DVD 

3 Year 7 cohort Researcher using DVD 

4 Year 7 classes Teacher practical demonstration 

5 Year 7 classes Researcher using DVD 
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The Year 7 classes were tested again at the end of Year 8 using SRTIV, Equilibrium. Testing dates 

and the period in which students had been exposed to the intervention are summarised in Table 3.7. 

The first column records the number of each school. The second, the date on which the Year 8 

cohort was tested and the final column records the period of the intervention within the two years I 

delivered professional development in each school. 

 
Table 3.7 

Date of final SRT and period of intervention 

School Year 8, Date of SRTIV Period of Intervention 

1 Withdrawn 6 months 

2 Dec 5, 2012 18 months 

3 Nov 28, 2012 18 months 

4 Nov 29, 2012 21 months 

5 Nov 30, 2013 27 months 

 

 

Table 3.8 outlines the method used to administer SRTIV to the Year 8 cohorts. All students were 

tested using a DVD which demonstrated SRTIV. The first column records the number of each 

school, the second column records the student group tested in each school and the final column 

records who delivered SRTIV to students. 
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Table 3.8 
Methods of testing final Year 8 cohort 

School Student Group Method of Delivery 

1 Withdrew Withdrew 

2 Year 8 cohort Researcher  

3 Year 8 classes 
Teachers supervised by 

researcher  

4 5/8 Year 8 classes Researcher  

5 Year 8 classes Researcher  

 

After the final Year 8 SRT, I submitted a report to each school which analysed the cognitive gains 

for students. These reports were based on a model of reporting to schools devised by Dr. Mary 

Oliver (2010) and are included in Appendix C. Each report contained the following: 

 

• a baseline test for students in Year 7. This included a summary of the SRT used and a list 

and description of the cognitive levels tested; 

• an outline of the characteristics of each cognitive level; 

• a graph comparing the cognitive levels of students in the school with those in the general 

population; 

• a short discussion of the effect size which is a measure of the degree of success, or 

otherwise, of an intervention; and 

• an analysis of the results of the intervention such as level of use, the active involvement and 

shared vision of the senior school management and the science department and the 

sustainability of the intervention in the school. 

 

Appendices A to D at the end of each report included: 

 

• a table of changes in individual student’s level of cognition and the positive or negative gain 

in test scores from Year 7 to Year 8; 

• a table of scores, cognitive levels and positive or negative gain scores for each student who 

completed the SRTs in both Years 7 and 8; 
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• the Eight Levels of Use as teachers learn to use new pedagogies associated with the 

introduction of pedagogical skills (Hall & Loucks, 1977); and 

• a list of the Australian Professional Standards for teachers, covered by the Thinking Science 

intervention. 

 

3.6 Delivering Thinking Science professional development 

Most heads of science experienced difficulty obtaining permission for two consecutive days of 

professional development. The heads of science negotiated time allocations with members of their 

senior school management. Table 3.9 shows the time allocated for the two days of professional 

development in each school. The first column shows the school number; the second column the 

allocated time for Thinking Science professional development. 

 
Table 3.9 

Time allocated for Thinking Science professional development 

School Allocated Time 

1 2 afternoons (7 hours) 

2 1.5 days 

3 2 days 

4 1 day + 50 minutes 

5 1 day 

 

 

Although each school required two initial professional development days, this was possible only in 

School 3. 

 

3.6.1 Classroom coaching 

Through discussions with senior management and science staff, I discovered that classroom 

coaching was an aspect of Thinking Science professional development that had never been used in 

any of the schools as a part of professional development and was not well understood. I described 

classroom coaching to each science faculty as a Thinking Science lesson in which teachers would be 
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supported whilst practising the new teaching skills involved in each of the following five CASE 

pillars: 

 

• the delivery of concrete preparation and data collection; 

• the use of cognitive conflict; 

• the development of social construction; 

• the development of metacognitive questioning; and 

• the use of bridging to stimulate the development of metacognition—relating the content of 

each lesson to other contexts experienced by students. These could include contexts from 

their regular science lessons. 

 

I offered classroom coaching not only to the two teachers who had volunteered for classroom 

observations and interviews, but to all the teachers, as the agreement with each school was to deliver 

Thinking Science professional development to all members of the science department. 

 

In each school, I discussed the organisation of classroom coaching with the heads of science and 

teachers. In School 3, I also had the opportunity to discuss this with the dean of teaching and 

learning. I encouraged teachers to participate in this essential but, for them, novel aspect of 

professional development. These discussions were followed up with emails urging participation in 

classroom coaching. Two examples of these emails follow: 

 

To School 2, head of science, Feb 16, 2012 

Perhaps we could also think about coaching visits for later in the term. At least they don’t 

cause timetabling headaches! We know that without the coaching the program is unlikely to 

be effective as teachers require this support as they adopt new pedagogical skills. Feedback 

on the effectiveness of the coaching and suggestions about what teachers would find helpful 

are welcome any time. Coaching is an approach which hasn’t been part of the norm at the 

school level, although it’s been acknowledged as a necessary component of professional 

development in the research literature for around 20 years. 
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To School 4, head of science, Jun 6, 2011 

As I mentioned, I would urge people to take advantage of classroom coaching. It is an 

integral part of the PD package. The experience over 24 years in this and other programs is 

that it is an effective component of PD. 

 

Although I explained that classroom coaching did not involve an appraisal of teaching skills, most 

teachers expressed a lack of confidence about their ability to deliver aspects of Thinking Science 

lessons whilst I made observations and were reluctant to take up the offer. 

 

For this reason, in all the schools, I asked teachers to choose a particular aspect of CASE as a focus 

for the first classroom coaching session. I also suggested beginning the classroom coaching as a 

demonstration which gradually involved the teacher in team teaching as she or he began to 

understand and feel comfortable with the supportive, non-judgmental nature of classroom coaching. 

This approach, and the responses from participants, is expressed in the following emails: 

 

From researcher to School 2, head of science, Aug 16, 2011 

This is a suggestion for you, Bev and Jackie. For the first classroom coaching session at 

another school, I did a demonstration lesson and we team taught. The teachers found it 

useful to see the strategies in action. If you would like me to do this, I am happy to, or to 

observe you and team teach with you as originally planned. 

 

From School 2, head of science, Aug 17, 2011 

A demo lesson would be great. 

 

From School 4, head of science, Aug 10, 2011 

After speaking with the teachers involved with TS, they all asked if it would be possible for 

them to observe a lesson of TS that you led. I think they feel a little lacking in confidence 

that they are doing the right things—despite my reassurances. Just thought I’d ask—they 

feel the need to see how it is done. The video on the website is useful for them, so I’ll ask 

them to have a look at that too.  
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From researcher to School 4, head of science, September 6, 2011 

Thanks for your email. I am very happy to do whatever individual teachers would prefer—

part demo, demo, team-teach, whatever. The first classroom coaching is their choice. The 

second one is definitely for them to take the leading role. 

 

From School 4, head of science, September 7, 2011 

Lisa’s period 3 class is also lesson 5—Lisa is flexible about what to do. A team-teaching 

role so that Lisa can observe the process from a slightly different angle would likely be best 

for her as her confidence grows. 

 

Immediate feedback was given during the lesson and a summary was sent by email as there was 

rarely time to discuss the lesson with the teacher in person due to pressures from the timetable and a 

lack of understanding and planning by the senior school management. The following is an example 

of one of these emails: 

 

From researcher to School 3, science teacher, Aug 20, 2012 

Thank you for having me visit your class. This is the follow-up email I send after classroom 

coaching sessions: 

 

Lesson 5 

Concrete Preparation 

Great. Short and to the point. 

 

Data Collection 

Fine, all students were involved in making observations within a set period. 

 

Cognitive Conflict 

Going around and questioning each group, students were experiencing some 

challenges and had to think before justifying their answers to questions about the 

lesson. 

 

Social Construction and Metacognitive Questioning 

With successive lessons, metacognitive questioning continues to develop for both 

teachers and students. This is what normally happens as both teacher and students 
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learn the skill. I suggest you initially choose a few questions from the list I gave you 

and gradually expand your repertoire. Encourage and teach students how to ask each 

other metacognitive questions such as, ‘Why do you think that? What’s the 

evidence? How do you know that’s true?’ Whenever students come up with an 

answer ask for a justification before saying whether or not they are correct. 

 

Continue to develop the habit of challenging students to think when discussing 

ideas/concepts with them—it’s going well. Explore the statements that students 

make. For example: ‘What is the aim of this experiment?’ A lot (of students) found 

that challenging to consider and express. As you mentioned, students often express 

their ideas in a clumsy fashion and we all tend to do that when we are grappling with 

ideas/concepts that we are not completely familiar with. The opportunity to verbalise 

thinking helps us to clarify it and work out aspects of it that we may still find 

confusing. Sometimes, in their classes, students may not have this opportunity. 

 

Similarly, continue to develop questioning in classroom discussion. One way is to 

get all groups involved at the same time by asking them what they think of the 

answers given by another group, including a justification. 

 

Developing the skill of metacognitive questioning is something we and our students 

get better at as we go along. Asking metacognitive questions is one of the key ways 

to stimulate the development of student thinking and our own. 

 

Bridging 

We ran out of time; however, you can always do that in another lesson which 

involves a fair test. 

 

Following the initial session, I planned the second classroom coaching session for the year. This 

was organised by email in the same way as the initial classroom coaching: 
 

From researcher to head of science, School 4, Jun 21, 2012 

I still need to carry out classroom coaching with some of the teachers. During the PD each 

teacher has two sessions of classroom coaching. I have already competed one with Wendy, 

Joanne and Lisa. 
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Researcher to School 4, head of science, Sep 6, 2012 

If you would like me to complete classroom coaching with other teachers of Thinking 

Science, I suggest that we wait until Term 4, after Year 12 (students) have completed their 

courses and farewells. Possibly then some of you will be under a little less pressure. I have 

completed (two sessions of) classroom coaching with Wendy, Jessica, Diana, Joanne, Lisa 

and William. 

 

3.7 Interviews 

Interviews were planned to take place over the length of the investigation. Each interview was 

recorded, transcribed, typed and then saved to a computer file. Owing to time constraints, I was able 

to interview all participants, except one, only once. Table 3.10 summarises the participants 

interviewed in each school. The first column lists the school number, the following five columns 

separately list the groups of participants who were interviewed. 

 
Table 3.10 

Participants interviewed in each school 

School Principal 
Dean of 

Teaching and 
Learning 

Head of 
Science 

Two 
Volunteer 
Teachers 

1 Yes Yes Withdrew Withdrew 

2 Yes Yes Yes Yes 

3 Yes Yes Yes Yes 

4 Yes Yes Yes Yes 

5 Yes No Yes Yes 

 

 

3.7.1 Interviewing principals 

Over the course of the professional development, I interviewed four principals. Table 3.11 provides 

an overview of principals’ interviews in relation to the initial professional development session. The 

first column lists the school number, the second column the date of the initial session of 

professional development in each school, the third column the date on which each principal was 
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interviewed and the final column the time between the initial professional development session and 

the interview of each principal. 

 
Table 3.11 

Information about principals’ interviews 

School Date of Initial PD 
Session 

Date of Interview Time Between 
Initial PD and 
Principal’s 
Interview 

1 Feb 28, 2011 Mar 15, 2011 2 weeks 

2 Mar 28, 2011 Sept 1, 2011 5 months 

3 Apr 29, 2011 Mar 5, 2013 24 months 

4 May 2, 2011 Not interviewed N/A 

5 Aug 4, 2011 Sept 14, 2013 25 months 

 

 

Table 3.11 indicates that principals did not respond to my request for an initial meeting, prior to the 

first professional development session. To canvass their views over the two-year period of 

professional development, the principals in Schools 1 and 3 were interviewed directly after the 

initial professional development day and those in Schools 2 and 4 were interviewed after the two 

years of professional development had been completed. 

 

Prior to conducting the first interviews, I developed questions about professional development in 

general and about the Thinking Science professional development in particular. These questions 

were further developed to achieve ‘saturation’ for each question. The following areas were 

considered in relation to each principal because their level of understanding would impact on the 

efficacy of professional development in the school: 

 

• attitude to professional development; 

• understanding of effective professional development including classroom coaching and 

the development of collegiality; 

• involvement in decisions about the choice of professional development in the school; 

• expectations of Thinking Science professional development; 

• expectations of Thinking Science in relation to student outcomes; and 
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• commitment to the sustainability of Thinking Science in the school. 

 

Open questions were used to elicit the views of each principal and discover more detailed and 

personal responses. Questions were derived from classroom observations, the interviews of deans, 

heads of science and teachers, research outlined in the literature review which was related to 

effective professional development, the theoretical bases for Thinking Science and its professional 

development and the development of cognition in the science classroom. 

 

3.7.2 The interaction between data collection and open coding 

Grounded Theory involves an interaction between data collection and open coding. Open coding 

describes what is occurring in the data and provides the foundation for further questioning and 

successive analyses (Charmaz, 2006). Data from each interview was analysed using open coding 

shortly after observations and interviews had been carried out. The aim of the initial analysis was to 

identify issues within the data which were considered relevant to the research questions, and to 

identify areas which required further investigation. Based on this, I repeated or chose questions 

which probed particular issues (Charmaz, 2006; Glaser, 1978) and therefore, I did not necessarily 

ask all the principals the same questions. Each interview was designed to reach saturation in 

responses to particular issues, as well as to question principals about new issues which had arisen as 

a result of observations and experiences which had occurred during the investigation. The number 

of questions asked was also influenced by the time allocated for the interview. Below are the lists of 

questions which each principal was asked. 

 

Questions asked of principals 

School 1, March 5, 2011 

1. How important is professional development in your school? 

2. How would you describe effective professional development? 

3. How are decisions about professional development made in the school? 

4. What are your impressions of the Thinking Science intervention? 

5. What are your expectations from Thinking Science professional development for the 

staff? 

 

School 2, September 1, 2011 

1. What are your comments on the importance of professional development in the school? 
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2. What do you consider to be an effective model of professional development? 

3. In your view what does effective professional development look like? 

4. How do you see a program such as Thinking Science in the school three years from 

now? 

 

School 3, September 14, 2013 

1. What is your view of professional development in your role as a principal? 

2. How do you go about professional development outside classroom hours? 

3. How would you view professional development that takes place in the  

      classroom? 

4. How do you go about encouraging the development of collegiality? 

5. What is your thinking about professional development related to pedagogy? 

6. How do you view (pedagogical) skill acquisition in relation to teachers?  

7. I notice you mention coaching so how would you view 

classroom coaching as teachers acquire new pedagogical skills? 

8. What do you think about professionalism in teaching? 

9. How would you suggest going about the measurement of high-quality teaching? 

10. What are your views on the need for evidence-based teaching and learning? 

 

School 5, September 14, 2013 

1. What are your impressions and views of Thinking Science professional development? 

What, in your view, would be an effective model of PD? 

2. In your experience, what would be a good way of getting teachers to own a 

professional development intervention such as Thinking Science—often they are at all 

different stages of their careers and have different professional backgrounds and 

qualifications? 

3. Sustainability can be difficult in a school; how does the school manage sustainability 

when you get new people in? 

4. Time and other resources are required for professional development. How do you go 

about providing for these? 

5. As a principal, how do you view your role when it comes to professional 

development? 

6. How important do you think evidence-based pedagogy is? 
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7. What’s your impression of the purpose of the Thinking Science intervention? 

8. Why do you think it’s desirable to stimulate the ability in students to think? 

9. What’s your view about cognition and its implications in a classroom or in a school? 

10. How do you view an intervention like Thinking Science and its contribution to 

enquiry learning? 

 

3.8 Data collection and open coding 

As soon as possible after collecting data, the open coding of each sentence was systematically 

carried out. During this process, I referred back to the original data to check that the process of 

coding, and the assumptions that may have influenced it, had not distorted what had actually 

occurred in the data. It was essential that all analyses related directly to the data (Glaser, 1992). For 

example, the analysis of each lesson involved identifying and classifying data sentence by sentence 

using open codes.  

 

During open coding, I named the data using gerunds rather than thematic coding so that the codes 

focussed attention on the actions of participants, e.g., “delivering concrete preparation” rather than 

“concrete preparation”; “discussing cognitive conflict” rather than “cognitive conflict” (Charmaz, 

2014; Glaser, 1978). To identify codes, I asked myself questions such as “What is happening in this 

data? What accounts for it? What patterns are occurring here?” (Moghaddam, 2006, p. 55) and 

“What is this data a study of? What does the data suggest? From whose point of view?” (Charmaz, 

2006, p. 47). In addition, I remained aware of the need for open-mindedness, to code only the data 

and to check for bias, to keep the codes as short and precise as possible, and to continuously 

compare data with data (Charmaz, 2006). 

 

When I was looking for evidence of particular approaches to pedagogy based on the Thinking 

Science intervention, I used the five pillars of CASE as prescribed codes (Strauss & Corbin, 2008). 

Table 3.12 lists these prescribed open codes and the abbreviations used for each. The first column 

lists the five pillars of CASE and the second the abbreviations used for each. 
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Table 3.12 

Prescribed Open Codes 

Pillars of Case Abbreviations 

Delivering concrete preparation cp 

Collecting & recording data crd 

Discussing cognitive conflict cc 

Using social construction sc 

Asking metacognitive questions mq 

Integrating bridging b 

 

 

Table 3.13 lists additional open codes which were used in the following examples of lesson coding. 

The abbreviations used for each code are also included. The first column lists the open codes and 

the second the abbreviations used for each. 

 
Table 3.13 
Open Codes 

Open Codes Abbreviations 

Affirming student work 

Asking closed questions 

Recording time 

Using transmission teaching 

(teaching as telling) 

as 

cq 

rt 

tt 

 

 

Figures 3.1 and 3.2 contain excerpts from the initial observations of two classes and the open codes 

ascribed to each. The first column contains a transcript of a ten-minute excerpt of a lesson and the 

second column includes what is happening in the lesson and the open coding which describes it. 
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Lesson Transcript (ten-minute excerpt) 
Year 8, 24 boys 
Teacher experience: Four years 

Open Coding 

 
T: OK Gents – you all have cards – don’t look at 
them yet. You have a list of words belonging to the 
respiratory system. You have your cards to get into 
groups of three – you’ve done it before – Jacks with 
Jacks … 
In groups compare your lists and come up with a 
complete list of what all of you have come up with 
in the respiratory system. You have 30 seconds to 
get into groups. Look after the cards – don’t lose 
them. 
Students move into groups 
T: Can I have eyes and ears this way. Now compare 
the three lists we have. Make sure you have all the 
parts. You have one minute to do this. 
Students work in groups on task 
T: I’m coming round with my version of the story 
about O2. My paragraphs are in the wrong order. 
Your first task is to read the story and put it in the 
right order.  
We are short of time so don’t cut out and stick 
paragraphs – just number them in the correct order. 
One person is designated the reader. Another person 
keeps an eye on the time. What is the third person’s 
job? – could be the writer or facilitator making sure 
that all are contributing. As soon as you have your 
sheet start - you have 3 minutes. 
Students discuss work amongst themselves in 
groups. Teacher circulates around groups discussing 
work with students. 
 

 
Telling students what to do (cp) 
 
Telling students how to form groups (cp) 
 
 
Comparing individual lists (sc) 
Building list of respiratory system words (sc) 
Giving time limit (cp) 
Telling students what to do (rt) 
Ss moving into groups (cp) 
 
Asking for attention (cp) 
Telling students what to do (cp) 
Giving time limit (cp) 
 
Working on task in groups (sc) 
T telling students about his story (cp) 
 
Telling students what to do (cp) 
 
 
Reminding students of time factor (cp) 
Telling students what to do (cp) 
Reminding Ss to use group roles (cp) 
Reminding Ss about timekeeping (cp) 
Asking a rhetorical question (cp) 
 
Telling students when to start (cp) 
Telling Ss how much time they have (rt) 
Ss discussing work in groups (sc) 
T moving around groups (sc) 
Talking with students about task (sc) 
  

Figure 3.1 Initial observations of a Year 8 class. 
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Lesson Transcript (20-minute excerpt) 
Year 8, 26 students: 12 boys, 13 girls 
Teacher experience: Three years 

Open Coding 

Students have one laptop per pair with internet.  

The teacher instructs students to find out about 

beneficial and harmful bacteria—what each does and 

why it is beneficial or harmful. 

The teacher gives students a sheet with instructions. 

Beneficial Harmful 

  

The teacher walks around the class answering 

closed, factual questions and instructing students 

what to do (ten minutes). 

Teacher: Bacteria is a microbe.  

Students research information together, discussing 

as they do the task. 

Teacher: Mould is a good example.  

Find out more information about why it’s harmful.  

See if you can find out what bacteria is. 

That’s a beneficial bacteria. Write a few things down 

about what it does. 

Student: Sir, is probiotics one?  

Teacher: Yes. 

Student: Is (I couldn’t hear) one?  

Teacher: Yes, it ferments grapes. It’s one. 

11.25 Teacher is at the back of the class having a 

few minutes break. 

Teacher: Write down two or three things about why 

it’s beneficial. 

What are you writing down now – what it does? 

(Looks at students’ work) That’s about all you need. 

Now write about how it’s beneficial. 

There are examples in the text book. Have you got 

your text book?  

Teacher has conversation with two students about 

why it’s being beneficial is important. 

Teacher: Why is that harmful? 

Students accessing the internet in pairs (sc) 

 

T telling students what to find out (cp) 

 

 

T providing students with sheet (cp) 

 
 
 
T answering closed questions, right or wrong (cq) 
T telling students what to do (tt) 
 
 
T telling students information (tt)  
Ss looking for information together (sc) 
Ss discussing information (sc) 
 
T affirming student information (ai) 
 
T asking students to find out for themselves (sc) 
T asking students to find specific information 
together (sc) 
T telling students information (tt) 
T asking students to find specific information 
together (sc) 
S asking closed question, right or wrong (cq)  
T answering closed question (cq) 
 
S asking closed question, right or wrong     (cq) 
T answering closed question (cq) 
T providing explanation (tt) 
 
Teacher resting 
 
T asking students to find out specific information 
together (sc) 
 
T examining students’ work (as) 
T affirming student work (ai) 
 
T asking students to find out specific information 
together (sc) 
T telling students where to find information (tt) 
T checking if students have text book (as) 
T exchanging ideas with students (sc) 
 
 
T asking closed question, right answer (cq) 

Figure 3.2 Class 1.2 open coding.  
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3.8.1 Focus coding 

‘Theoretical sensitivity’ (Glaser & Strauss, 1967) is related to the ability of the researcher to 

recognise relationships between open codes and the concepts which arise from them, and to 

perceive patterns in the open codes. For example, from the open codes in Figure 3.2: the teacher 

telling students what to do, asking closed questions, telling students what to find and telling 

students information indicate a relationship between the teacher’s actions and transmission 

teaching. Focus codes are developed from these patterns and contribute to the development of 

induced hypotheses from which the emergent theory evolves. 

 

I compared the open coding within each group, looking for patterns in the coding and for codes 

which, I considered, could provide information to inform the research questions (Glaser, 1992). 

Open codes which, according to my judgement, appeared to bear little or no relationship to the 

research questions were discarded, others which did were selected as focus codes or grouped into 

one particular focus code. For example, patterns of coding which appeared in Figures 3.1 and 3.2, 

such as concrete preparation, social construction and approaches to questioning were selected as 

focus codes. Table 3.14 lists examples of focus codes derived from patterns observed in open codes 

from the examples of observation in Figures 3.1 and 3.2. The first column records the focus codes, 

the second column the open codes included as part of a focus code. 

 
Table 3.14 

Focus Codes 

Focus Code Open Codes Included 

Delivering concrete preparation Delivering concrete preparation (cp) 

Using transmission teaching (tt) 

Using social construction Social construction (sc) 

Time keeping (tk) 

Affirming student work (as) 

Accessing students (as) 

Asking questions  Metacognitive questioning (mq) 

Closed questioning (cq) 

 

 

The process of identifying open codes, the comparison of these codes and their classification into 

focus codes was applied to all data. Figure 3.3 provides examples which demonstrate how open 
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codes were related to a focus code during the analysis of data. The open codes for each school were 

recorded using different fonts so that I could keep track of the evidence from each school. 

 

Open Codes Focus Codes 

Exposing teachers to pedagogies which they can 
critically appraise 
 
Describing two weeks of whole staff PD per year  
 
Employing AIS consultants 
 
Employing teachers with skills such as the ability to 
provide feedback 
 
Describing using evidence as a focus to drive school 
improvement practice 
 
Demonstrating PD that is useful for teachers and of 
benefit to students  
 
Evaluating effective PD using different sources of 
evidence  
 
Describing effective PD in relation to school context  
 
Describing effective PD as the school and teacher’s 
responsibility 
 
Describing the importance of effective PD to keep up-
to-date, interested and involved 
 
Engaging all those involved 
 
Explaining the importance of rapport and effective 
collegiality 
 
Providing time for the department to work together 
 
Using faculty learning groups across faculties 
 

3a Describing effective 
professional development 

Figure 3.3 How open codes relate to a focus code. 

 

 

The following is a list of focus codes developed from the open codes which were identified in the 

responses of principals recorded during interviews in each school. Some of the focus codes were 

discarded as they either related to very few of the open codes, or to open codes which were not 

considered relevant to the research questions. 
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Retained Focus Codes 

1. Describing effective PD 
2. Comparing one day PD to long-term PD 
3. Outlining expectations of the Thinking Science Program 
4. Demonstrating what senior school management, heads of science and 

teachers know about the Thinking Science program 
5. Discussing sustainability 
6. Discussing the importance of collegiality 
7. Explaining views on trusted mentorship and classroom coaching 
8. Mentioning the importance of cognition 
9. Stating views about evidence-based practice  
10. Describing access to PD, who does it, how it is organised  
11. Describing the focus of school PD 
12. Describing/mentioning metacognition 
13. Describing the school’s teaching and learning framework 
14. Explaining what teachers know about evidence-based pedagogy 
15. Explaining deep change in pedagogy 
16. Describing the involvement of the head of science and teachers 
17. Describing the influence of exams on teaching and learning 
18. Describing perceptions of students’ attitude to Thinking Science 
19. Acknowledging the importance of ownership for effective PD 
20. Describing the principal’s role in PD 
21. Demonstrating confused thinking about thinking 
22. Describing the links between enquiry learning and Thinking Science 
23. Challenges for teachers 
24. Stating views on the importance of teachers being in their classrooms 
25. Emphasising the importance of rapport – the heart of teaching 
26. Seeing teaching as a journey 
27. Describing teacher training at university, and support for beginning 

teachers in schools 
28. Expressing surprise at the expense of Thinking Science 
29. Providing his/her views on the influence of technology 
30. Describing some characteristics of teaching as a profession 

 

Figure 3.4 Focus codes retained or discarded from interviews of principals. 

 

 

3.8.2 Core categories, sub-categories and their properties 

A core category represents the factor that is causing the most variation in a substantive area related 

to a research question. During an investigation, the core category is the reference for observations 

and measurements which may provide explanations and solutions to the research question (Glaser, 

1992). Core categories are similar to independent variables and are derived from the focus codes 

considered relevant to the research questions (Moghaddam, 2006). Each core category may consist 

of a number of sub-categories and properties. On completion of focus coding, I compared data 

looking for patterns to identify core categories, their sub-categories and the properties of each 
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which related to the research questions. For example, Core category 1 was divided into three sub-

categories and their properties. These divisions were used to describe and analyse the responses of 

principals, deans of teaching and learning, heads of science and teachers identified in Core category 

1. 

 

3.8.2.1 Analysis of focus codes related to Research Question 1: Core categories, sub-categories 

and their properties 

Research Question 1: 

 

In what ways did senior school management, heads of science and science teachers respond 

to the introduction and implementation of professional development in general, and the 

Thinking Science intervention and professional development in particular, in their schools? 

 

As a result of the analysis of data into open codes and then into focus codes, a number of core 

categories emerged from the data. Core categories were divided into sub-categories, each of which 

had a number of properties. The core categories, sub-categories and their properties which emerged 

from the data, and were related to Research Question 1, are listed below: 

 

Core category 1: Introducing and implementing effective professional development in schools 

 

Sub-category 1: Developing unity of vision and ownership of Thinking Science professional 

development in the school 

Property 1: Participating in the initial meeting and decision-making 

Property 2: Understanding the purpose of Thinking Science 

Property 3: Understanding the aims of Thinking Science professional development 

 

Sub-category 2: Acknowledging the importance of evidence-based practice 

 

Sub-category 3: Implementing effective professional development 

Property 1: The importance of professional development 

Property 2:  Developing new pedagogical skills over the long term 

Property 3: Planning time for long-term professional development 

Property 4: Developing effective collegiality 

Property 5: Including classroom coaching as part of professional development 
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Property 6: Considering the sustainability of the intervention 

Property 7: Evaluating change in student thinking 

 

As core categories, sub-categories and their properties were identified, the focus codes which 

related to each one, were identified. For example, Figure 3.5 records the three properties of Core 

category 1, Sub-category 1 and the focus codes which were used to provide evidence about each of 

the three properties. 

 

Properties Supporting Focus Codes 

Property 1: Participating in the initial meeting 

and decision-making 

 

 

 

 

 

 

 

 

 

Property 2: Understanding the purpose of the 

Thinking Science intervention 

 

 

 

 

 

 

Property 3: Understanding the aims of 

Thinking Science professional development 

Describing access to PD, who does it, how it is 

organised 

Describing the principal’s role in PD 

Describing effective PD 

Discussing the importance of collegiality 

Acknowledging the importance of ownership for 

effective PD 

Describing the school’s teaching and learning 

framework 

Explaining what teachers know and want 

 

Demonstrating what they know about the 

Thinking Science program 

Outlining expectations of the Thinking Science 

program 

Mentioning the importance of cognition 

Mentioning the importance of metacognition 

Demonstrating confused thinking about thinking 

 

Describing effective PD 

Acknowledging the importance of ownership for 

effective PD development 

Comparing one-day PD with long-term PD 

Explaining deep change in pedagogy 

Discussing the importance of effective 

collegiality 

Figure 3.5 Core category 1, sub-category 1 and properties with supporting focus codes. 
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I gathered data related to Core category 1, its sub-categories and their properties and, on the basis of 

these, wrote hypotheses using inductive reasoning. Having established hypotheses, I re-examined 

the data searching for further evidence that supported or refuted them. This process is described in 

Chapters 5 and 7. The hypotheses were used to develop the emergent theory (Glaser, 1998). This 

process is recorded in Chapters 6 and 8. All data were analysed in this way. 

 

3.8.3 Research Question 2: Core categories, sub-categories and properties 

Research Question 2: 

 

To what extent did teachers implement the Thinking Science intervention in their classes? 

 

Core category 2: Teachers implementing the Thinking Science intervention 

 

Sub-category 1: Demonstrating teachers’ understanding of the structure of a Thinking Science 

lesson 

Property 1: Using concrete preparation and data collection 

Property 2: Using cognitive conflict: the use of challenge 

Property 3: Developing social construction 

Property 4: Learning to ask and use metacognitive questions 

Property 5: Bridging concepts from one context to another 

 

Sub-category 2: Experiencing aspects of a Thinking Science lesson 

Property 1: Considering cognitive conflict and the more able students 

Property 2: Considering cognitive conflict and the less able students 

Property 3: Using social construction to differentiate cognitive conflict 

Property 4: Observing issues of literacy during social construction 

Property 5: Creating inclusive whole class discussion 

 

Sub-category 3: Experiencing challenges during the implementation of Thinking Science 

Property 1: Changing from an ‘instruction’ approach to a thinking approach to teaching and learning 

Property 2: Understanding the concepts on which Thinking Science lessons are based 

Property 3: Preparing lessons 

Property 4: Using lesson time effectively 

Property 5: Fitting Thinking Science lessons into a mandatory syllabus 
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Property 6: Feeling overwhelmed 

Property 7: Working with laboratory assistants 

Property 8: Discussing levels of use 

 

Sub-category 4: Reflecting on how classroom teaching has changed as a result of the Thinking 

Science intervention 

Property 1: Commenting on the first of four lessons 

Property 2: Adopting Thinking Science pedagogy 

Property 3: Observing the effects on student thinking in each school 

 

Sub-category 5: Commenting on effect size 

Property 1: Commenting on the effect size of Thinking Science in each school 

 

3.9 Quantitative data analysis and effect size 

This is described and analysed in Chapter 4. 

 

3.10 Memos 

Memos are an essential tool used to record insights which may otherwise be forgotten during the 

process of data collection and analysis. Memos express ideas and relationships which occur to the 

researcher during the coding and comparison of data, and which provide conceptual links 

(Moghaddam, 2006). Glaser (1978, p. 84) describes memos as “the way to theoretically develop 

ideas with complete freedom into a memo fund that is highly sortable”. 

I used memos to record thoughts and insights about relationships within categories, sub-categories, 

their properties and the research literature which occurred during the process of data collection and 

analysis. For example: 

 

Core category 1 

Sub-category 1: Developing unity of vision and ownership in the school 

Property 1: Participating in the initial meeting 

 

Focus Code: Describing principal’s role in professional development 

Memo: School 3: After 18 months working with the science department, I have never met 

the principal. He has no idea about the existence of Thinking Science in the school. Recently 



112 
 

the principal requested that science staff attend professional development to review all their 

programs—no reason given, even to the head of science. Lack of communication and a lack 

of unity of vision between senior school management and the science department is leading 

to misunderstandings and a lack of respect. 

 

Memo: Teachers come and go frequently in many schools. No provisions are made for 

newly appointed teachers to learn how to use new approaches to pedagogy in which the 

science department is involved. 

 

Other examples include: 

 

Memo: Teachers have heard the term ‘metacognition’, but those in these samples do not 

know its meaning, or how to apply the concept in their classrooms. 

 

Memo: Thinking: Teachers say that thinking is very desirable; students need to think. 

However, the teachers in these samples generally have little or no understanding of concepts 

related to thinking or of how to develop thinking in their classrooms. Examples provided by 

teachers, such as Bloom’s Categories, de Bono’s Thinking Hats, have no researched 

evidence to support them. 

 

3.11 The emergent theory 

Glaser (1978, p. 4) describes the emergent theory in the following terms: 

 

The emergent theory is a group of related hypotheses which are integrated, saturated and 

which fit the data. They are probabilistic, not verified facts, and they must be able to be 

modified if new data emerges. The emergent theory should be able to explain what 

happened, predict what will happen and interpret what is happening. 

 

Hypotheses that contribute to the emergent theory may develop and change during the process of 

data analysis and, therefore, it is important that the researcher maintains an open mind to all 

emerging hypotheses, or relationships, and ensures that they ‘fit’ the data and, as much as possible, 

theoretical saturation is reached (Glaser & Strauss, 1967; Eisenhardt, 1989). Thus, all analyses were 

frequently referred back to the data to ensure that interpretations were directly related to the data. 
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Hypotheses induced from the evidence were recorded at the end of each section in Chapters 5 and 7. 

These were used to develop the emergent theory in Chapters 6 and 8.  

 

The usefulness of the emergent theory can be influenced by the number and the type of samples 

chosen. In this investigation, the participating schools were not very diverse. They were all private 

schools, with an above average ICSEA score. Two of the schools were co-educational, two were 

girls’ schools and one was a school for boys. Sampling similar groups can help to define the 

conditions under which a category may evolve and may increase the predictive ability of the theory 

(Glaser & Strauss, 1967). On the other hand, sampling schools with dissimilar ICSEA scores may 

provide the ability to use the emergent theory to consider both the professional development of 

teachers and the extent to which the Thinking Science intervention influences the development of 

student cognition in schools with a greater range of socio-educational backgrounds. 

The emergent theory must also demonstrate: 

• Relevance: By providing solutions and suggestions about how to solve a problem 

recognised by a significant number of people. Its solutions and suggestions must be 

worth trying (Glaser & Strauss, 1967). For example, see Chapters 6 and 8. 

 

• Modifiability: The theory must be able to be changed if and when new data becomes 

available. This includes data that does not support the theory in its current form 

(Glaser, 1998). In this research, five schools with high ICSEA scores were sampled. 

Samples from schools with different socio-economic features may provide data 

which supports or refutes the emergent theory. 

 

3.12 Factors which affect the validity and reliability of the emergent theory 

There are a number of factors which may affect the validity and reliability of the emergent theory. 

These are discussed below. 

 

3.12.1. Observer expectancy or experimenter bias 

Observer expectancy or experimenter bias can occur during data collection or analysis when the 

researcher may unconsciously misinterpret or ignore data to support a desired outcome. This can 

also include preconceived ideas which may not have been expressed directly but which underlie 

some observations (Glaser, 1992). 
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3.12.2 Forcing data 

Forcing data involves using data to support hypotheses in a way which is invalid. Forcing data can 

occur when data is sorted into categories and properties to which it doesn’t belong. This prevents 

the researcher from analysing what is actually happening in the data. If forced, data are unlikely to 

reappear in the coding of successive samples and tend not to be part of wider patterns and trends in 

the data. In Grounded Theory this problem is approached in three ways: 

At the beginning of the investigation, I reflected on my underlying attitudes and ideas in 

relation to the research questions: my experiences of professional development, the evidence 

on which the effectiveness of Thinking Science professional development was based, 

successful approaches to pedagogy in science classrooms, the purpose of teacher and student 

learning and any preconceived ideas about the nature of hypotheses to be generated from 

data. I reflected on my biases during the investigation and continued to record these 

reflections (Glaser, 1992). An outline of these reflections is recorded in Chapter 1, p. 16. 

 

3.12.3 Disconfirming evidence 

Disconfirming evidence of categories, sub-categories and properties is explicitly sought in 

the data. Disconfirming evidence is as important to the emergent theory as confirming 

evidence (Glaser, 1978; Silverman, 2006). For example, knowledge of cognition: 15 of 17 

teachers interviewed were unable to explain the significance of cognition to learning in 

science. One teacher was able to explain this fluently and another was able to explain 

several aspects of cognitive development. This demonstrates that whereas most teachers 

sampled did not understand the significance of cognition to learning in science, a minority 

of teachers did. 

 

3.12.4 Data coding 

Data were analysed and coded sentence by sentence. The continuous comparison of data from 

different samples leads to patterns in the data that form categories. These comparisons tend to 

reveal biases that do not fit the data and result in an emergent theory which does not produce 

workable solutions to the research question. 

 

3.12.5 Responses of participants 

During an investigation, the responses of participants may alter if they know they are involved in a 

research project. This depends on their perception of their role in the investigation, which may 
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differ from that intended by the researcher. For example, participants may be affected by “novelty, 

special attention or mere awareness of participation” (Adair, 1984, p. 339). In this investigation, at 

times, participants told me what they thought I wanted to hear. For example, in School 4, the head 

of science described how well Thinking Science had been received and implemented in the school 

by the teachers. I subsequently discovered that only three teachers were implementing the program, 

and in the second year this was reduced to one. At no stage was it implemented by the head of 

science. The effect size after two years was zero. Thus, this deception was revealed by 

triangulation—the collection of data from different sources and the continual comparison of coded 

data at each level of analysis. These aspects of data collection and analysis revealed data which did 

not fit evidence of what was actually happening in the school. 

 

3.12.6 Internal validity: credibility and authenticity 

The grounding of analysis in data contributed to the credibility and authenticity of the emergent 

theory. In addition, triangulation was used to increase these aspects of its validity. For example, 

data from five schools with different populations and cultures was used. Within each school 

qualitative data were collected from four different groups: principals, deans of teaching and 

learning, heads of science and science teachers. Quantitative data was collected from students 

(Cohen & Manion, 1995; Creswell, 2007; Glaser, 1992). 

 

3.12.7 External validity: fittingness, transferability and workability 

External validity refers to three aspects of the emergent theory: 

 

• ‘Fit’ which demonstrates whether a hypothesis is supported by the data (Glaser, 

1998; Glaser & Strauss, 1967). Because hypotheses emerge from the data and many 

comparisons between data are made, the emergent theory is likely to fit the data 

unless forcing has occurred. In this investigation, the emergent theory must relate to 

the data so that it can be used in classrooms. If data has been forced, “the emergent 

theory will not be a good fit and will therefore not be valid or, in this case, applicable 

in a classroom” (Glaser & Strauss, 1967, p. 239). 

 

In this investigation hypotheses were induced from the data and therefore fit is 

considered to exist between the data and the emergent theory. This has been 

documented in Chapters 5 and 7. 

 



116 
 

• ‘Transferability’ refers to the practical value of an investigation—the extent to which the 

emergent theory can be generalised and applied in other contexts, in this case other schools 

(Glaser & Strauss, 1967). See Chapters 6 and 8. 

 

• ‘Workability’: The emergent theory provides suggestions that can be used to resolve 

the research question, in practical situations (Glaser, 1998). Suggestions and 

solutions are documented in Chapters 6 and 8. 

 

3.12.8 Reliability: dependability and auditability 
Reliability refers to dependability and auditability. Reliability describes how consistently the 

process of Grounded Theory is applied to data analysis throughout the investigation. The validity of 

the emergent theory depends on the reliability of data analysis. To improve this, data analysis needs 

to be audited by peer or supervisory replication of coding, categories and their relationships, the 

conceptualisation of hypotheses and the emergent theory (Miles & Huberman, 1994). For this study, 

raw data, such as observations of the pedagogical approaches of the teachers in their classrooms, 

was recorded and then sent to the teachers for verification. 

 

As much as possible, data were collected until no new responses to particular issues were collected 

and saturation was considered to have been reached. Gathering data until saturation is reached 

addresses issues of reliability (Glaser, 1998)—but the data analysis has not been audited by peer or 

supervisory replication as these services were not available. 

 

3.13 Chapter summary 

The investigation was based on Grounded Theory as described by Glaser and Strauss (1967), Glaser 

(1978, 1992, 1994, 1995, 1998, 2002) and Charmaz (2003, 2006). Grounded Theory is reflected in 

the approach to sampling and data analysis. Ideally, theoretical sampling continues until no new 

responses are recorded and saturation is reached. This was not always possible in each of the 

schools for practical reasons of school organisation and the lack of unity of vision between senior 

school management, the head of science, science teachers and the researcher. 

 

Data was analysed using open codes which were classified into focus codes and then into core 

categories, sub-categories and their properties. Constant comparison of data occurred and the raw 

data was continually consulted to ensure that analysis and both confirming and disconfirming 

evidence were grounded in data.  
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Hypotheses were induced from the core categories and sub-categories and these became the basis of 

the emergent theory. The emergent theory had to be relevant to an identified problem and 

modifiable if and when further evidence was collected. Disconfirming evidence was always sought 

during data analysis. For example, four deans were not involved in the planning of professional 

development but one was to some extent. Factors which may have affected the validity and 

reliability of the emergent theory were considered during the data analysis, e.g., observer 

expectations or experimenter bias, the forcing of data and inconsistencies in the responses of 

participants. These factors were generally revealed through the process of triangulation and the 

continuous comparison of coded data. 
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Chapter Four 

The analysis of quantitative data from SRTs 

 
4.1 Introduction 

In this chapter, using results from SRTII (Year 7) and SRTIV (Year 8) and the effect size, the 

cognitive gain which took place in each of the schools is discussed.  

 

4.2 SRTs II and IV 

The SRTs are based on Piaget’s model of cognitive development (Shayer & Wylam, 1978). This, 

and their development, is discussed in the Literature Review (Chapter 2). Each SRT measures 

particular Piagetian levels of cognition. Each level is designated a particular number and letter. 

Table 4.1 lists these and the level of cognition indicated by each one.  

 
Table 4.1 

Numbers and letters indicating levels of cognition 

Numbers and Letters Levels of Cognition 

<2A Less that preoperational 

2A Preoperational 

2A/2B Preoperational/concrete operational transition 

2B Concrete operational 

2B* Concrete operational/formal operational transition 

3A Early formal operational 

3A/3B Early/late formal operational transition 

3B Late formal operational 

 

Both SRT11 and SRT1V are designed to measure a particular range of cognitive levels. Table 4.2 

outlines the levels of cognition measured by SRTII and SRTIV. Columns 1 and 4 list the levels of 
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cognition. Column 2 lists the levels of cognition identified by SRTII. Column 3 indicates the scores 

available when SRTII is used. Column 5 identifies the levels of cognition identified by SRTIV and 

Column 6 indicates the scores available when SRTIV is used. 

 
Table 4.2 

Levels of cognition identified and measured by SRTII and SRTIV 

 Columns     1 2 3 4 5 6 

      Levels of 
cognition 

SRTII 
identifies 

SRTII 
scores 

Levels of 
cognition 

SRTIV 
identifies 

SRTIV 
scores 

      <2A            

<2B         2A   

      2A/2B   

      2B   2B   

      2B*   2B*   

      3A   3A   

      3A/3B x x 3A/3B   

      3B x x 3B   

 

 

There are 6 levels of cognition identified by SRT11. These levels range from the first level, <2A 

(less than preoperational thinking), to the sixth level, 3A, (greater than early formal operational 

thinking). Scores are available from level 2A to level 3A.  SRT1V identifies 6 levels of cognition. 

These range from the second level, < 2B (less than concrete operational thinking) to the eighth 

level, 3B (late formal operational thinking). Scores are available from level 2B to level 3B.  As a 

result, students who score below 2A and above 3A in SRTII cannot be included in calculations of 

effect size and students who scored <2B in SRTIV cannot be included in the calculations. 
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4.3 The effect size 

The effect size is a measure of the difference between groups, in this case the difference between 

the levels of cognition at the beginning of Year 7 before the Thinking Science intervention and the 

levels of cognition at the end of Year 8 after the implementation of the intervention. The effect size 

was calculated using a formula known as Cohen’s d:  

Cohen’s d = (M gain control – M gain experiment)/pooled SD.  

 

By finding the difference between the mean gain from Year 7 to Year 8 in a school where the 

intervention had been implemented (M gain experiment) and the mean gain in a control school (M 

gain control) where the intervention has not been implemented. The difference is then divided by 

the pooled standard deviation of the intervention and the control. 

 

The control group provided by Adey and Shayer (Shayer & Adey;1990) was not used in this 

investigation as student cognition has been observed to have diminished by 15 per cent over the 

years between 1990 and 2005 (Shayer et al., 2007). Instead, a control group was drawn from School 

1 in which SRTII was administered at the beginning of Year 7 (2009) and at the end of Year 8 

(2010) without the implementation of the Thinking Science intervention or the professional 

development of teachers.  

 

The effect size indicates how meaningful the difference between groups is and therefore how 

effective the intervention has been. In educational research an effect size of 0.2 is categorised as 

indicating a small effect, 0.5 a medium effect and 0.8 a large effect (Cohen, 1988). An effect size of 

0.8 indicates that the score of the average student in the experimental group is 0.8 standard 

deviations above the average student in the control. This categorisation of effect size by Cohen 

(1988) is arbitrary and the significance of effect sizes needs to be considered case by case. 

 

As sample size increases, it is more likely that all abilities will be represented resulting in more 

accurate and valid results and conclusions. Sample sizes for each school are listed in Table 4.3. 

Schools 1 and 2 were coeducational and Schools 4 and 5 were girls’ schools. School 3 is not 

represented as I considered that I could not rely on data from SRT1V. 
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Table 4.3 

Sample size for each school 

School Sample Size 

 Boys Girls 
1 37 36 
2 26 22 
4  131 
5  85 

 
 
4.4 The normal distribution of data as a requirement for the calculation of effect size 

The calculation of effect sizes is based on comparisons of normal distributions. It is not possible to 

assess whether a particular sample of cognitive levels lies on a normal curve just by observing the 

data. Data from each school was tested using the Kolmogorov–Smirnov Test and the Shapiro–Wilk 

Test for a normal distribution. These tests indicated that the results from each of the schools 

including the control were normal and could be used for valid calculations of effect size. The results 

from these tests are recorded in Appendix G. 

 

4.5 Levels of use 

The effect size and the success or failure of the Thinking Science intervention in schools has been 

found to be directly related to the levels of use in each school (Adey et al., 2004). Table 4.4 records 

the level of use in each school over the two-year period of professional development. In each year 

the required level of use is fifteen lessons. The first column lists the school number, the second 

column the level of use in Year 7 classes during the first year, the third column the level of use in 

Year 7 during the second year of the investigation and the fourth column the level of use in Year 8 

classes during the second year. 

 
Table 4.4 

Levels of use of Thinking Science lessons in each school 

Level of Use in Each School During the Investigation 

School First year 
Year 7 

Second year 
Year 7 

Second year 
Year 8 

    

2 7 Unknown Unknown 

3 6 7 6 

4 2 to 10 2 to 8 0 to 6 

5 4 to 10 4 to 10 3 to 4 
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From the table, it is evident that in the first year the level of use varied from less than half the 

required lessons to almost two-thirds in some classes. During the second year similar numbers of 

lessons were used in Year 7 in three of the schools. One school was unable to supply this data. 

During the second year, the number of lessons used in each school fell to well under half the 

required number in both Year 7 and Year 8. With such low levels of use it was unlikely that the 

effect size in any of the schools would indicate the success of the intervention. 

 
4.6. Results from each school 
 
4.6.1 School 1 
The value of the school’s ICSEA score was 1066. This and the distribution of students presented in 

Table 4.5 indicate that the school’s population was skewed towards the middle and higher socio-

economic groups. 

 
Table 4.5 

Socio-economic distribution of students, School 1 

Socio-economic Data 

 Bottom quarter Middle quarters Top quarter 

School 20% 17% 32% 31% 

Nation 25% 25% 25% 25% 

 

 

Thinking Science professional development began in School 1 in February 2011. Unbeknown to the 

researcher, in 2009, Thinking Science had been introduced into the science department by the head 

of science. Teachers had been provided with the teachers’ notes and printed outlines of Thinking 

Science lessons to deliver in their classes without any professional development. Very few 

lessons—only two at the most—had been used between the end of 2008 and the beginning of 

2011when the professional development associated with this investigation began. During 2009 and 

2010, teachers used SRT11 and SRT1V to test Year 7 and 8 students. In May, 2011 I calculated the 

effect size using results from these SRTs. These results indicated that without effective professional 

development and a sustainable level of use over a two-year period, the effect size was zero. School 

1 withdrew from the intervention. 
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4.6.2 School 2 

The value of the school’s ICSEA score was 1145/1174. This and the distribution of students in 

Table 4.6 indicate that the school’s population was skewed towards the highest socio-economic 

groups.  

 
Table 4.6 

Socio-economic distribution of students, School 2 

Socio-economic Data 

 Bottom quarter Middle quarters Top quarter 

School 2% 3% 15% 79% 

Nation 25% 25% 25% 25% 

 

Cognitive Levels in Year 7 using SRTII 

The average score in Year 7, 2011, was 5.0. This indicated that the average level of cognition in this 

cohort was the beginning of 2B, or late concrete operational thinking. 

 

Level of Use 

The level of use in School 2 during the first year of the intervention in Year 7 was seven lessons. 

Two teachers refused to use any of the lessons. The level of use during the second year was very 

low. Precise figures were not available. 

 

Effect Size 

The effect size was calculated separately for both the girls and the boys. The effect size of zero for 

the girls demonstrated that the intervention had no effect on the girls’ cognitive development. The 

effect size of 0.5 for the boys demonstrated that the Thinking Science intervention had a medium 

effect on their cognitive development. 

 

Figures 4.1 and 4.2 compare the percentage of students at each cognitive level in Year 7 with those 

from the same cohort at the end of Year 8. Only students who were present to be tested in both 

Years 7 and 8 were included in this data. The horizontal axis displays the cognitive levels of 

students in Years 7 and 8. The vertical axis records the percentage of students at each cognitive 

level. 
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Figure 4.1 School 2, Girls: Cognitive development from the beginning of Year 7 to the end of Year 8. 

 
 

 

Figure 4.2 School 2, Boys: Cognitive development from the beginning of Year 7 to the end of Year 8. 

 

4.6.3 School 3 

I was unable to use the final results of testing in Years 7 and 8 from School 3 owing to questions 

related to the validity of the results. 
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4.6.4 School 4 

The value of the school’s ICSEA of 1145 and the information in Table 4.7 confirmed that the 

school’s population was skewed towards the two highest socio-economic groups.  

 
Table 4.7 

Socio-economic distribution of students, School 4 

Socio-economic Data 

 Bottom quarter Middle quarters Top quarter 

School 0% 8% 31% 61% 

Nation 25% 25% 25% 25% 

 
 
Cognitive Levels in Year 7 using SRTII 

The average score for School 4, Year 7, 2011, was 5.3. This indicated that the average level of 

cognition in this cohort was the beginning of 2B, late concrete operational thinking. 

 

Level of Use 

The level of use in School 4 during the first year of the intervention was between two and ten 

lessons. During the second year this decreased, varying from zero to six. 

 

Effect Size 

The effect size of School 4 was zero indicating that the intervention had no effect on the 

development of student cognition. 
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Figure 4.3 School 4, Cognitive development from the beginning of Year 7 to the end of Year 8. 
 
 

4.6.5 School 5 

The value of the school’s ICSEA of 1193 and the information in Table 4.8 confirms that the 

school’s population is skewed towards the highest socio-economic group. 

 
Table 4.8 

Socio-economic distribution of students, School 5 

Socio-economic Data 

 Bottom quarter Middle quarters Top quarter 

School 2% 3% 23% 72% 

Nation 25% 25% 25% 25% 

 

Cognitive Levels in Year 7 using SRTII 

The average score in Year 7 was 5.2. This indicates that the average level of cognition in this cohort 

was the beginning of 2B or late concrete operational thinking. 

 

Level of Use 

The level of use of Thinking Science lessons during the first year varied from four to ten and, in the 

second year, from three to four. 
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Effect Size 

The overall effect size of -0.1 indicated that the intervention had no effect on the development of 

student cognition in School 5 and the results were slightly inferior to those of the control. 

 

 
Figure 4.4 School 5, Cognitive development from the beginning of Year 7 to the end of Year 8. 

 

4.7 Conclusion 

The initial scores for average cognitive development in Schools 2, 4, and 5 of 5, 5.3 and 5.2 indicate 

that the initial average level of cognition in each school at the beginning of the intervention was 

concrete operational. 

 

The level of use over the two years of professional development was much lower than required. 

This would contribute to the low effect sizes obtained in all schools except for the medium effect of 

0.5 for School 2, boys. 

 

The effect size of zero, at the end of the intervention, for girls from School 2 and all students in 

Schools 4 and 5 indicates that there had been no increase in cognitive levels as a result of the 

Thinking Science intervention.  
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Chapter Five 

Findings, Discussion and Hypotheses: Research Question 1 

 
5.1 Introduction 
The ability of teachers to implement the Thinking Science intervention, to use its pedagogy and, as a 

result, develop student cognition depended on long-term professional development delivered with 

fidelity to the research on which it was based (Adey et al., 2004). Research indicated that the degree 

of fidelity depended, to a large extent, on the thinking and attitudes of principals, deans of teaching 

and learning, heads of science and science teachers (Adey et al., 2004; Fullan, 2015; The Wallace 

Foundation, 2013). 

 

5.1.1 Research Question 1 

Research Question 1: 

 

In what ways did senior school management, heads of science and science teachers respond 

to the introduction and implementation of professional development in general, and the 

Thinking Science intervention and professional development in particular, in their schools? 

 

Analysis of data indicated that the core category related to Research Question 1 was: 

 

Introducing and implementing effective professional development in schools. 

 

The core category was further divided into the following three sub-categories and their properties, 

which were used to describe and analyse classroom observations, and the responses of principals, 

deans of teaching and learning, heads of science and teachers: 

 

Sub-category 1: Developing unity of vision and ownership of Thinking Science professional 

development in a school 

Property 1: Participating in the initial meeting and decision-making 

Property 2: Understanding the purpose of Thinking Science 

Property 3: Understanding the aims of Thinking Science professional development 
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Sub-category 2: Acknowledging the importance of evidence-based practice 

 

Sub-category 3: Implementing effective professional development  

Property 1: The importance of professional development 

Property 2: Developing new pedagogical skills over the long term 

Property 3: Planning the time for long-term professional development 

Property 4: Developing effective collegiality 

Property 5: Including classroom coaching as part of professional development 

Property 6: Considering the sustainability of the intervention 

Property 7: Evaluating change in student thinking 

 

Chapter 5 is divided into four sections. Section 5.2 records the responses of the principal from each 

of the schools to the core category, sub-categories and their properties, and Sections 5.3, 5.4, and 

5.5 record the responses of the deans of teaching and learning, heads of science and science 

teachers. 

 

5.2 The responses of principals 

Responses were obtained from principals in Schools 1, 2, 3 and 4. Section 5.2 includes the 

responses of principals which were classified during data analysis into the sub-categories and their 

properties. 

 

5.2.1 Sub-category 1: Developing unity of vision and ownership of Thinking Science 

professional development in a school 

Principals occupy a central position within a school which allows them to develop unity of vision 

and ownership by canvassing the support of all those with an interest in teaching and learning, i.e., 

senior school management, heads of department, teachers, ancillary staff, parents and students (The 

Wallace Foundation, 2013). The following properties analyse the ways in which principals 

responded to the development of vision and ownership of Thinking Science professional 

development in relation to senior school management, heads of science and science teachers. 

 

5.2.1.1 Property 1: Participating in the initial meeting and decision-making 

To support the request for an initial meeting, schools were sent written information about the 

Thinking Science intervention and professional development (see Appendix A). Table 5.1 presents a 

summary of the schools that received this information, the person who received it and whether the 
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principal stated that he/she had read it when interviewed later. The first column lists the school 

number, the second confirms whether each school was sent written information, the third lists who 

received it in each school and the fourth whether or not it was read by the principal. 

 
Table 5.1 

The responses of principals to information about the intervention and 
professional development which was sent out to schools 

Schools 
Sent Written 
Information 

Received By 
Read by the 

Principal 

1 Yes HOS No 

2 Yes HOS No 

3 Yes Dean, HOS No 

4 Yes HOS No 

5 Yes Principal Yes 

 

 

All principals were sent written information but only one reported receiving it. It was difficult to 

communicate with any of the principals directly and only one indicated, when interviewed, that 

he/she had read the material about the Thinking Science intervention. 

 

The lack of a response to the letter by the principals was further confirmed by email correspondence 

with the heads of science, at each of the five schools. The following are examples of this 

correspondence between the researcher and Schools 1 and 2: 

 

School 1, email correspondence from researcher to head of science, Dec 21, 2010: 

If you would like to be a part of the research project, at some stage I would need to meet 

with you, your principal and curriculum coordinator to discuss what it entails so that they 

are aware of what the Thinking Science PD is all about. I have to send an outline to another 

school in the next few days so, initially, I could send you a copy of that to look through. 
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School 1, from head of science, Jan 24, 2011: Yes, I would be keen to have a look at the 

copy you have done. Both the principal and curriculum director are aware of Thinking 

Science and I chatted with them re the PD and [they] are keen. 

 

School 1, from researcher to head of science, Feb 2, 2011: As I mentioned in an earlier 

email, UWA expects me to discuss the program with the principal and the dean of 

curriculum as well as yourself. However, if the school deems this as unnecessary you can let 

me know. 

 

School 1, to researcher: No response. 
 

School 2, from researcher, Nov 20, 2010: I will briefly outline what participation involves 

for a school. [This will include] a discussion with the principal, the dean of curriculum and 

yourself about the Thinking Science PD and what the research program involves. 

 

School 2 from researcher, Feb 22, 2011: Before I come on 28 March, it would be a good 

idea if I could have a short meeting with yourself, the dean of curriculum and the principal. 

It is important that they know exactly what we are doing and hoping to achieve and what the 

research program involves. 
 

Dates for the first professional development day were received but there was no response to the 

request for an initial meeting with the principal, dean and the head of science from any of the 

schools. 

 

Hypotheses 

• Principals are unlikely to read information about an intervention and investigation sent to 

them, via the dean or head of science, so that planning can occur. 

• It is difficult to access principals directly to request an initial meeting to discuss the 

implementation of an investigation, intervention and accompanying professional 

development in the science department. 

• Principals are unaware of their role in the development of professional development in the 

school, i.e., developing unity of vision and planning at all levels of the school hierarchy. 
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The Initial School Meeting 

Table 5.2 provides a summary of initial school meetings and participants. The first column lists the 

five schools, the second column indicates whether an initial meeting was held at the school, and the 

third column shows staff who attended the initial meeting. 

 
Table 5.2 

Initial school meetings and participants 

School Initial 
Meeting Held 

Participants at Initial Meetings 

1 No 0 

2 Yes HOS 

3 Yes Dean, HOS, Deputy HOS 

4 No 0 

5 Yes HOS, Science Teachers 

 

 

As indicated in Table 5.2, none of the principals attended an initial meeting. In Schools 1 and 4, no 

initial meeting was held. In School 2, the head of science met with the researcher and hoped that the 

principal might come. In School 3, the initial meeting was organised by the dean and in School 5 

the initial meeting was used to advise science teachers that they would be participating in the 

intervention and accompanying professional development. 

 

It was impossible to organise an initial meeting to involve the principal, dean and members of the 

science department in mutual decision-making about the introduction of the Thinking Science 

investigation, intervention and accompanying professional development. For example, in School 1, 

the principal delegated the decisions to the head of science: 
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School 1, field notes, Feb 11, 2011: The head of science made the decision to implement the 

intervention. The principal delegated the decision-making “because I trust the judgement of 

the head of science”. 

 

In School 2, the principal was invited, but did not attend the initial meeting: 

 

School 2, field notes, Nov 2, 2010: When planning the meeting, the head of science said, “I 

imagine that the principal might also be interested in dropping in”. 

 

Six months later, the principal expressed concern about her ability to respond to interview questions 

about Thinking Science and its accompanying professional development: 

 

School 2, head of science, Jun 4, 2010: The principal is nervous about the questions you 

want to ask. She asked me what you would be likely to ask. 

 

School 3, field notes, Feb 25, 2011: Decisions about the introduction of the Thinking 

Science intervention and professional development were decided by the dean in consultation 

with the head of science. An hour’s presentation about the benefits of Thinking Science for 

students and teachers was requested by the dean. The principal did not attend. 

 

School 4, field notes, Feb 9, 2011: Two science teachers who had attended a session about 

Thinking Science at a conference liaised with the head of science and the dean who then 

made the decision to introduce the intervention. 

 

School 5, Mar 3, 2011: The principal expressed support and wrote: 

No worries—I’ve passed this on to the head of science to see what he thinks, in consultation 

with the director of curriculum … The head of science [and science staff] are delighted by 

the opportunity to explore this work ... although we will need to discuss implementation 

issues … you are more than welcome to contact [the head of science] directly. Please let me 

know if there is anything more I can do to assist. 

 

Shortly after this date this principal left for another position. The new principal was not involved in 

the decision to participate but was aware of the involvement of the science department. When 

interviewed two years later, at the end of the intervention, she said:  
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I’m aware that it’s been going on. I probably knew more about it at [at my last school] 

because William talked to us about what was involved and, because I knew what was 

involved and the type of course that it was, I didn’t think it necessary to investigate it so 

much here because it’s a really good thing for the girls to be doing and thinking in a 

different way. 

 

As both the researcher and provider of professional development I was not introduced to the 

principal in any of the five schools. I eventually met four of them when I requested an interview in 

relation to the investigation. This was my only contact with the principals over the two-year period 

of the professional development. 

 

Hypotheses 

• Principals were unaware of the need for their active involvement, with other 

stakeholders, in the decision to participate in the implementation of the investigation, 

intervention and its accompanying professional development  

• Principals did not become involved in creating unity of vision within senior school 

management or between it and the science department. 
 

Authorisation to Proceed 

I received authorisation to proceed with the investigation, the Thinking Science intervention and 

accompanying professional development from each of the five schools. Table 5.3 lists the provider 

of authorisation in each school. The first column lists the number of each school, the second shows 

the person who provided the authorisation and the third whether, according to the head of science, 

the principal was aware of the authorisation. 
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Table 5.3 

Provider of authorisation 

School Provider of Authorisation 
Principal Aware of 

Authorisation 

1 HOS Yes 

2 HOS Yes 

3 Dean No 

4 Dean No 

5 Principal Yes 

 

Only in School 5 did the out-going principal provide formal authorisation for the science 

department to participate in the investigation and intervention. In two cases I received authorisation 

to proceed from the dean and in another two this was received from the head of science. 

 

Hypotheses 

• It was unlikely that a principal would authorise an investigation, intervention and 

professional development to proceed in a science department. 

• A majority of principals were aware that authorisation had been given for the Thinking 

Science investigation, intervention and professional development to proceed. A significant 

minority were not aware of this. 

 

5.2.1.2 Property 2: Understanding the purpose of Thinking Science 

The purpose of the Thinking Science intervention was to stimulate the development of student 

cognition so that as many students as possible would be able to think at the level of formal 

operational thinking and, thus, have the ability to understand the many multivariate, abstract 

concepts in science and to engage in the learning of scientific concepts and skills at greater depth 

than is possible through rote learning and transmission teaching. 

 

The principals were asked for their views on the purpose of Thinking Science. The principals in 

Schools 1 and 2 were interviewed at the beginning of the program and those in Schools 3 and 5 at 

the end. None of the principals was able to relate the purpose of the intervention to the stimulation 

of cognition and demonstrated a lack of knowledge and understanding of the intervention: 

 

School 1 principal: [The head of science] has said that it promotes more critical thinking in 

science by looking at science skills and moving from surface learning to more depth … 
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School 2 principal: The explicit teaching of skills is good for students, such as the roles 

students take [in group work]. This will enable them to get more from group dialogue. 

Explicit teaching may lead to better student–teacher dialogue … I know very little about the 

ideas behind Thinking Science. 

 

School 3 principal: No, I know nothing about it. I haven’t heard of it. 

 

School 5 principal: … as I said, I’m not super knowledgeable about the specifics of it. 

Getting the girls to use higher order thinking skills and to think in a way that’s different to 

the way they thought before, and not just that typical ‘yes/no, that’s the right answer’ but 

actually thinking, and thinking laterally and quite deeply, which is the sort of thinking I want 

to encourage our girls to be thinking in that way ... From my limited understanding of 

Thinking Science, I would think it would blend in very well with enquiry learning because 

we want our girls to be asking these questions and thinking through issues. 
 

Although the teaching and learning frameworks in Schools 1, 2, 3 and 5 related to a perception of 

the need to improve student thinking, the concept of thinking in relation to cognition, and therefore 

to teaching and learning, was not defined, articulated or linked to evidence in any of them. There 

was no suggestion that a well-researched, evidence-based program such as Thinking Science could 

be implemented as part of a teaching and learning framework.  

 

Thinking was an umbrella term which was undefined in schools. Cognition was never mentioned 

except when specific questions were asked about it. For example, although the School 5 principal 

acknowledged the importance of developing the ability of students to think, she was unable to 

express clearly what this involved, or how it was related to the purpose of Thinking Science. She 

used an undefined term ‘higher order thinking’ derived from Bloom’s Taxonomy, an hypothesis 

which has no research evidence to support it (Bereiter & Scardamalia, 1998; Bloom & Krathwohl, 

1956). She wanted students to move from black and white answers and to think “in a way that’s 

different to the way they thought before” but she was unable to relate this to the need for cognitive 

development—or to the purpose of the Thinking Science intervention which is to stimulate the 

development of cognition. She also confused concepts of critical thinking in which “things are not 

taken at face value” with the hypothetical higher order thinking skills through which the girls 

“would think in a way that’s different to the way they thought before” with characteristics of 
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concrete operational thinking such as “not thinking in a black and white way”. Her aims were 

detectable. She wanted students to be able to think more clearly and in depth. However, her views 

on the nature of thinking were imprecise and uninformed. She had very little understanding of the 

intervention, as she herself pointed out. Although she did not relate the stimulation of student 

cognition to the purpose of Thinking Science professional development, or to her own purpose—to 

develop student thinking—she said, when asked directly for her views on the importance of 

cognition, “I think [cognition] is important absolutely. Yes, that’s the same thing as thinking. I want 

our girls really to be thinking and to understand what they are doing—so it’s really all part of that—

to develop how they are thinking and understanding”. 

 

Hypotheses 

• The principals were unaware of cognitive development and its implications for student 

thinking and learning. 

• Principals had little to no knowledge and understanding of the purpose of the Thinking 

Science intervention. 

• Principals were unable to clarify concepts related to thinking and confused commonly used, 

but undefined concepts, such as thinking, thinking skills and ‘higher order thinking’. 

• Principals did not use researched-based definitions and evidence when they considered 

thinking and its improvement in their schools. 

 

5.2.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim of this investigation was to deliver Thinking Science professional development over a 

period of two years, and support science teachers to become fluent in evidence-based pedagogy 

which has been shown to stimulate the development of student cognition and thinking abilities. 

 

Each principal was asked for their views about the aim of Thinking Science professional 

development. The principal in School 1 had a general idea of the thrust of Thinking Science 

professional development but no explicit understanding: 

 

School 1 principal: [The professional development is about] getting teachers to think about 

teaching and move beyond just presenting stuff and assist students with deeper thinking … 
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The principal in School 2 demonstrated very little understanding of the specific nature of Thinking 

Science professional development. She did not feel confident to answer questions about it and said 

that she knew very little about the ideas behind Thinking Science. 

 

The principal of School 3 was unaware that Thinking Science professional development was taking 

place in the science department. 

 

The principal of School 5 demonstrated some knowledge of the properties of effective professional 

development, such as the need for ownership, but was unable to relate this specifically to the 

implementation of Thinking Science professional development in the science department: 

 

School 5 principal: To me, the best PD is teachers working together. You have an outside 

expert coming in. They come in and work with the department and probably come back and 

work again. So it’s an on-going thing … and it becomes the program of the school and not 

just some outside thing that happens. If the teachers really own it they get from it … they 

feed off each other … unless it’s owned it will just be a flash in the pan and won’t continue. 

 

None of the principals could describe the aim of Thinking Science professional development. 

 

Hypotheses 

• Two principals out of four demonstrated no understanding about the aim of Thinking 

Science professional development in the school. 

• Two principals out of four had little, or no, idea that Thinking Science professional 

development and the intervention were taking place in their schools. 

• One principal out of four understood that Thinking Science professional development aimed 

to provide teachers with the skills required to improve student thinking. 

 

5.2.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

In this investigation ‘evidence-based’ refers to practice which is derived from peer-reviewed 

research. The principals from Schools 1, 2, 3 and 5 all considered that schools have a responsibility 

to provide quality professional development for teachers. In each school a teaching and learning 

framework provided the focus for whole school professional development. 
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Table 5.4 displays the use of evidence-based practice, in the form of the teaching and learning 

frameworks, in each school. The first column lists the number of the school, the second column the 

teaching and learning framework used by each school, the third lists the professional development 

focus of each school, the fourth indicates whether either the teaching and learning framework 

and/or the focus of professional development were mentioned by the principal and the fifth 

indicates whether or not the teaching and learning framework was evidence-based. 

 
Table 5.4 

Teaching and learning frameworks: evidence-based practice in each school 

School Teaching and 
Learning Framework PD Focus Mentioned by the 

Principal Evidence-based 

1 Based on Scottish 
whole school 
improvement program 
 

Improve teaching and 
learning 
Feedback: how to give 
and get it 
Developing student 
metacognition 

Yes Yes 

2 Making thinking 
visible 

Developing student 
thinking 

No No 

3 Dimensions of 
learning 
 

Developing student 
thinking, metacognition 

No Yes 

5 Enquiry learning 
(in general, not yet 
adopted) 

Developing student 
thinking through 
enquiry learning 

Yes No 

 
 

The principal of School 1 described the teaching and learning framework and professional 

development focus of his school as based on evidence. The school was involved in a pilot study of 

the implementation of a systematic school improvement plan based on How Good is Our School? 

Part 4. Planning for Excellence (Donnelley, 2007). Visible Learning, A synthesis of over 800 meta-

analyses relating to achievement (Hattie, 2009) had been used to identify approaches to teaching 

and learning shown to have high effect sizes. In this school, the systematic school improvement 

plan was driven by a learning committee, consisting of senior school management, which met twice 

each week. The aim of this committee was “to be intentionally transformative … to reflect on 

evidence and what happened in the school”. The committee gathered evidence of the perceived 

needs of the school community from assessment results, direct observation and surveys of the views 
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of stakeholders—parents, staff, ancillary staff and students—about their perceptions of the strengths 

and weaknesses of the school. This included triangulation using quantitative and qualitative data. 

The committee used this evidence as the basis for a systematic program of school improvement 

which was later evaluated using the same methodology. 

 

Although the principal and other members of the senior school management were actively involved 

in developing professional development based on evidence from the school community, this 

approach was not echoed in the manner with which the principal and senior school management 

approached the introduction and implementation of the Thinking Science intervention into the 

science department. In 2008, the science department had implemented the Thinking Science 

intervention without providing the science teachers with any professional development at all. 

Owing to his lack of any active involvement in professional development other than the pilot study, 

the principal was unaware of this. 

 

In School 2, the principal was involved in the adoption of Making Thinking Visible: How to 

promote engagement, understanding and independence for all learners (Ritchhart et al., 2011). This 

consisted of a teaching and learning framework which included whole school professional 

development. Making Thinking Visible is not based on published peer-reviewed research. In 

addition, there was no evaluation of its effect on student thinking in the school. School 2 had used 

Making Thinking Visible as a teaching and learning framework prior to the implementation of the 

Thinking Science intervention. It was reinstated at the perceived completion of the Thinking Science 

professional development. 

 

In School 3, the principal acknowledged his lack of knowledge about evidence-based teaching and 

learning because “there are so many other demands in teaching.” He added, “It’s certainly true that 

it is difficult to establish a channel to talk about [evidence-based teaching and learning] with 

teachers in schools because there are so many other imperatives … it’s another part of that 

difficulty—having that conversation with teachers about what they are teaching, how and why, 

when they’re being driven by results and the pressures of the examinations and the other [demands 

of the job].” 
 

The idea of evidence-based practice was new to this principal and he expressed some curiosity 

about it stating, “Although discussion about pedagogy can easily become far too theoretical, I think, 

identifying good practice [is one of] the vital parts of the work. I’d like to learn more about what 
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they’re saying [about evidence-based practice].” However, whether the Thinking Science 

intervention was evidence-based was not a significant issue for him or any of the other principals. 
 

In School 5, the principal intended to be actively involved in the school’s teaching and learning 

framework and expressed her view that evidence-based pedagogy was important. She explained, “I 

think it’s really important [that practice is based on evidence]. There’s lots of stuff we do in 

teaching that’s kind of gut feel. You go with the flow and it works—you think it works. But to have 

research behind it to show that it actually works—I think it’s very, very important.” 

 

Two of the principals were aware of the importance of evidence-based practice to some extent but 

none commented on the evidence base of the Thinking Science intervention although they had been 

sent an outline of this (see Appendix A). In none of the schools which were already working with a 

teaching and learning framework was the importance of evidence described as a reason for adopting 

a particular framework and nor did this influence the decision to adopt the Thinking Science 

intervention. 

 

Hypothesis 

• Fifty per cent of principals were aware of the need to base teaching practice on evidence and 

considered that this was important—but observations of their practice in relation to thinking, 

learning and teaching demonstrated that they did not consider it a priority in practice. 

• Fifty percent of principals were unaware of the need to base teaching practice on evidence 

and did not mention this issue. 

 

5.2.3 Sub-category 3: Implementing effective professional development 

Evidence-based research indicates that the following are required if professional development is to 

be effective (Adey et al., 2004; Bowe & Gore, 2017; Fullan & Quinn, 2016). 

 

• Active support from the school executive to ensure that the requirements of the professional 

development such as unity of vision amongst all stakeholders and the availability of 

assistance with the practical aspects of implementing the innovation. 

• Delivery over two years which provides long-term support as teachers develop new skills.  

• Initial in-service days at the beginning of the two years to provide teachers with the 

opportunity to study and question the theory and develop ownership based on 

understanding. 
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• The use of both in-service and in-class coaching. 

• The development of effective collegiality for mutual support, to discuss freely and share 

issues related to professional development with other teachers and senior management. 

• A high-level use of effective support materials by teachers, e.g., the thirty Thinking Science 

lessons over two years. 

• The training of coordinators to run effective professional development within the school to 

initiate new teachers and ensure long-term sustainability of the program. Print resources or 

software packages cannot deliver adequate professional development. 

 

5.2.3.1 Property 1: The importance of professional development 

Although the principals in each school were involved either minimally, or not at all, in the decision 

to introduce the Thinking Science intervention and its professional development into the schools, 

they all considered that professional development was important for teachers. For example: 

 

School 1 principal: PD is very important because it exposes teachers to a variety of 

pedagogies that they can critically think about … It can be useful to address teachers’ desire 

to grow in a particular direction. This can be very motivating and we encourage them to 

participate in this type of professional development. 

 

School 2 principal: Graduate teachers go into schools for 4–6 weeks’ practice with lots of 

observation and, at the end, have no sense of how they can manage in a classroom … There 

are always things to reflect on such as pastoral care, the development of positive 

relationships with students, engaging students in learning and the continual development of 

pedagogy. 

 

School 3 principal: It is extremely important as it keeps interests alive, academic character 

vibrant, subjects up-to-date. PD related to pedagogy, teaching styles, the craft of classroom 

control and practical guidance are all important … Doing training for one year and then 

having 40 years with no conversation about professional conduct is bizarre. 

 

Hypothesis 

• Principals were aware of the importance of professional development for teachers as a way 

to develop new pedagogies, to motivate personal and professional growth by keeping 
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current interests alive, stimulating new interests related to teaching and learning, assisting 

with classroom management and engagement with students. 
 

5.2.3.2 Property 2: Developing new pedagogical skills over the long term 

Principals understood the need for long-term professional development as a means to embed new 

skills into the pedagogical practice of teachers, however they were most familiar with short-term 

professional development which they supported, based on personal opinion and experience, rather 

than on researched evidence. For example: 

 

School 1 principal: [After a day of professional development] it is helpful for beginning 

teachers to return with a couple of tools they can try out immediately, such as classroom 

management strategies. 

 

School 2 principal: In one-off sessions teachers may learn from others. It depends where you 

are at; it may cause you to reflect and it may cause you to change … It is the outcome of 

professional development that makes it successful, not the mode. The ones with the most 

impact cause you to reflect on practice and make a change. I would never dismiss one style 

of professional development, such as a one-off session. 

 

School 5 principal: Care has to be taken using short-term professional development so it’s 

not just a dip in the ocean—this is a great idea and then we’ll walk away and forget about it. 

 

The principal in School 1 was aware of the necessity for long-term professional development to 

embed skills. School 1 was participating in a trial of a long-term program, The Pursuing of 

Excellence and principals in Schools 1 and 5 were aware that skills presented to teachers during 

short-term professional development often did not become embedded into their practice—but they 

were unaware of evidence which reports the factors likely to result in effective professional 

development over the long term (see Section 5.3.3, Sub-category 3: Implementing effective 

professional development). 

 

School 1 principal: Effective professional development becomes embedded into practice. 

Teachers often go to in-services, respond well, become energised but what they have been 

exposed to often does not translate into long-term practice in the classroom. 
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Hypotheses 

• Two of the four principals could identify ways in which they considered that short-term 

professional development sessions may benefit teachers by providing opportunities for 

reflection on practice—but were unable to support these observations with evidence. 

• Two of the four principals could describe some of the difficulties teachers experienced after 

short-term professional development, such as embedding skills into classroom practice. 

• Two principals out of four understood the potential benefits of long-term professional 

development—to provide teachers with the opportunity to practice and embed new 

pedagogical skills into their teaching practice. 

 

5.2.3.3 Property 3: Planning time for long-term professional development 

Teachers were dependent on the senior school management to provide the time required for long-

term professional development—for planning, for the initial professional development days and for 

meetings to reflect on past and future lessons. The availability of time was an issue for all the 

schools. For example, the time allocated by senior management in each school for the initial two 

days of Thinking Science professional development was, other than in School 3, less than the two 

days required. 
 

Table 5.5 provides a summary of the amount of time made available in each school for the initial, 

introductory professional development compared with the two days, or ten hours, indicated as 

necessary by Thinking Science research (Adey et al., 2004). The school number is shown in Column 

1, the time made available by each school is recorded in Column 2 and the percentage of the 

required time which was made available by each school is recorded in Column 3. 

 
Table 5.5 

Initial professional development time available compared to the time required 

School Time Available Percentage of Required Time 
made Available 

1 2 afternoons 1.30–5 
(7 hours) 70% 

2 1.5 days 
(7.5 hours) 75% 

3 2 days 
(10 hours) 100% 

4 1 day & 50 minutes 
(5 hours, 50 minutes) 58% 

5 1day 
(5 hours) 50% 
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The table indicates that only one school was able to provide the two necessary days or ten hours of 

initial professional development (Adey et al., 2004). 

 

Over the two years of professional development, it was necessary for teachers and senior school 

management to plan meetings at which teachers could reflect on Thinking Science lessons taught 

and on the progress of the intervention, and consider the lessons to be taught before the next 

meeting. To assist teachers, I reiterated the following to all the schools: 

 

School 4, email, from researcher to head of science, May 9, 2012: From here it is a good 

idea to make a time to meet with the teachers to discuss what has gone well and the things 

which may have caused anxiety or frustration during the first two or three lessons. It is a 

good idea for teachers to have some time to look over the next two or three lessons so they 

are familiar and don’t come as an unfortunate surprise from left field. They can also ask any 

questions that come up. 

 

In each school there was talk of having these meetings and, over the two years of professional 

development, two were initially held over the lunch break in School 4 and one at a faculty meeting 

in Schools 2, 3 and 5. 

 

In each school, there was never any regular time that could be set aside to complete an overview of 

the next few lessons or systematically review the lessons taught since a previous meeting. 

 

Hypotheses 

• The principals in this investigation did not support teachers’ need for time to plan for initial 

professional development days.  

• The principals did not support the teachers’ need for meetings to reflect on past and future 

lessons. 

 

5.2.3.4 Property 4: Developing effective collegiality 

Trust between colleagues at all levels of the school hierarchy is the essential if effective collegiality 

is to develop in a school or faculty. To some extent, each principal considered collegiality was 

essential if teachers and their students were to benefit from professional development but none was 

clear about what was necessary to develop effective collegiality: 
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School 1 principal: As teachers work singly in classrooms it is important that they 

collaborate, share and engage with others about teaching. Collegiality is very important … 

Professional development often does not translate into long-term practice in the classroom 

because it has been carried out on the teacher’s initiative alone, without collegial support to 

embed the new skills into their teaching practice … Each faculty has the opportunity to 

share their experiences of [the focus of professional development in the school] at weekly 

meetings. 

 

School 2 principal: I would expect the staff to have had the professional development 

interactions [from Thinking Science professional development] which encourage 

professional dialogue. 

 

School 3 principal: There is an element of conversation about how you do your work in 

other professions. In schools, teachers left to themselves in the classroom without any 

effective collegial support is a traditional problem and it is very important to break down 

this form of isolation and independence in the classroom. Teachers acquire new pedagogical 

skills through the friendly discussion and congenial attitudes of collegiality. Through 

collegiality teachers have the opportunity to talk about how they are growing as teachers. 

For professional development to be effective, it is vital that schools ensure teachers are 

involved in the exchange of ideas and identification of good practice. 

 

School 5 principal: To me the best professional development is teachers working together. If 

the whole department’s working on something the teachers will own it because they feed off 

each other. 

 

Although the principals were aware that collegial discussion, including mutual support and 

reflection were necessary if teachers were to become fluent in new pedagogical skills, there was no 

evidence that they could describe effective collegiality or were actively involved in promoting its 

development within the science department or between the senior school management and members 

of the science department over the two years of the Thinking Science intervention. 
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Hypotheses 

• Some principals assumed, by their comments, that collegiality (undefined) existed amongst 

science teachers and did not require targeted development. 

• Principals considered that collegiality was essential within a department if professional 

development were to be effective, but they were not aware of the characteristics of effective 

collegiality. 

• The principals did not translate their awareness of the importance of collegiality into 

practice or actively encourage, or assist in its development, during Thinking Science 

professional development. 

• The principals did not acknowledge the necessity for collegial discussion between teachers 

and senior school management to achieve effective professional development. 

 

5.2.3.5 Property 5: Including classroom coaching as part of professional development 

Classroom coaching was one aspect of Thinking Science professional development that was not 

well understood in any of the schools and it was not viewed as an integral and necessary part of 

effective professional development. Apart from one teacher who had experienced classroom 

coaching in the United Kingdom, none of the participants—teachers or senior school 

management—was aware of classroom coaching, or that it was essential if professional 

development were to be effective (Adey et al., 2004; Showers & Joyce, 1996). 

 

In School 2, beginning teachers were mentored by a more experienced teacher: 

 

School 2 principal: A trusted mentorship is essential for support. Very few teachers start out 

able to manage in a classroom. 

 

In School 3, the principal understood that classroom coaching could be an effective way to support 

the development of classroom skills: 
 

School 3 principal: I think coaching teachers is great. One thing we have thought of here is 

employing a coach to be available just to engage with teachers about teaching in an informal 

sense … whether it’s a peer coach or a peer mentor or just somebody on the staff who can 

work on these things with colleagues is important. 
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Hypotheses 

• Although forms of mentoring and coaching were mentioned by two principals, they were 

unaware that these elements are essential for effective long-term professional development. 

• None of the principals ensured that classroom coaching was available during Thinking 

Science professional development. 

• None of the principals developed the concept of classroom coaching as an essential part of 

learning new pedagogical skills during long-term professional development. 

 

5.2.3.6 Property 6: Considering the sustainability of the intervention 

The sustainability of pedagogical skills, acquired during the long and expensive implementation of 

an intervention, is a significant issue for a school when teachers come and go. It was not very long 

before the impact of this began to be felt in schools, as new teachers required upskilling if the 

intervention were to be sustained: 

 

School 3 head of science: Although I thought you were going to go through Lessons 9–12. 

I’m happy for you just to talk with the new staff and bring them up to speed with the 

thinking generally. 

 

Because of the demands on time within each school, and the lack of any unity of vision which could 

lead to support from senior school management, and a lack of understanding of the need for long-

term professional development, the needs of teachers newly appointed to schools were not 

addressed. Each principal was asked for their views about factors which would support the 

sustainability of the Thinking Science intervention in their school: 

 

School 1 principal: If Thinking Science has merit, the head of science will energise it and it 

will be sustainable … if teachers see value they will see the point of taking it on. I delegate 

to the head of science and have confidence in him. The program is driven by the head of 

science. 

 

School 2 principal: The sustainability of new pedagogical skills is an issue. Ingrained 

teaching skills are likely to help sustainability. Collegiality and discussion about practice 

can contribute to sustainability. 
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School 3 principal: The merits of Thinking Science will be communicated to the new head of 

science. 

 

School 5 principal: Well I guess in the independent sector, the beauty is that teachers don’t 

just come and go. Yes, there is movement but it’s not that massive changeover that 

sometimes happens in other schools. And so you’ve got the culture already there, well 

established departments already there … but [new teachers] also get connected with the 

department and learn about what the things are that we are already doing. [To induct new 

teachers into particular pedagogical skills] we have departmental meetings regularly so that 

sort of traditional learning would come in via that. 

 

In each case the principal assumed that other factors existed, for which there was no evidence, 

which they claimed would sustain the pedagogical skills of the intervention as teachers came and 

went. To maintain sustainability, the principal in School 5 depended on her beliefs about the lack of 

staff change in independent schools. In the first year of the intervention a teacher in School 5 

returned from sick leave. She was allocated one of her free lessons to complete Thinking Science 

long-term professional development. In the same year, a new teacher was allocated no time for 

Thinking Science professional development but was expected to use the relevant pedagogical skills 

in his classes. 

 

The School 3 principal had not considered the issue of sustainability. One of the first actions of the 

new head of science was to eliminate the intervention from the department. 

 

In all these cases, there was no suggestion of how unity of vision and ownership would be 

transmitted as staff changed, or of how newly appointed teachers would be supported as they learnt 

and embedded new pedagogical skills into their classroom practice over a long period of time. 

These issues were not addressed in any of the schools. It was assumed that some sort of collegiality, 

culture of learning or teaching skills existed without any evidence of their presence in science 

departments. 
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Hypotheses 

• Principals did not consider the sustainability of newly acquired pedagogical skills, when 

teachers came and went, as an issue of concern. 

• Principals expressed a belief, unsupported by evidence, that factors already existed in the 

science department which could sustain pedagogical skills such as new teachers inducted 

into the teaching and learning culture of the department at departmental meetings; 

independent schools experiencing less teacher movement; the head of science energising 

and, thus, sustaining the intervention; teachers seeing the value of it; collegiality and 

discussion about practice contributing to its sustainability. 

 

5.2.3.7 Property 7: Evaluating change in student thinking 

In this investigation, improved student thinking was measured by changes in the scores of SRTs 

administered at the beginning and end of the professional development program over and above 

changes that would be expected without the intervention. 

 

In School 1, evidence had been gathered to support the implementation of whole school 

professional development; however, there was no suggestion about gathering evidence to evaluate 

the acquisition of new pedagogical skills by teachers and their effect on student outcomes as a result 

of the Thinking Science intervention. None of the principals requested the final report on the 

intervention or the results of the SRTs in consecutive Years 7 and 8. 

 

In School 2, the principal expressed her view that the effects of professional development could not 

be measured: 

 

School 2 principal: After attending professional development teachers bring back and 

present something to the faculty but its benefit cannot be measured. What they learn may be 

different from student learning outcomes. 

 

School 3, field notes, Aug 4, 2011: The principal had no plans in place to evaluate the 

effectiveness of the school’s teaching and learning framework. 

 

School 5, field notes, Jun 12, 2011: The evaluation of professional development was not 

planned as part of whole school professional development. 
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Hypothesis 

• Principals were unaware of the need to evaluate professional development by observing, 

and/or measuring, its effects on targeted student outcomes. 
 
5.3 The responses of deans of teaching and learning 
The member of senior school management responsible for the development of teaching and learning 

in each school had a variety of different titles. For the sake of clarity, I have adopted the title of 

dean of teaching and learning, abbreviated to dean. The following is an analysis of their responses 

to the Thinking Science intervention and its professional development. 

 

The deans in Schools 1 and 2 were interviewed at the beginning of the investigation; the dean in 

School 3 was interviewed at the beginning and at the end; the dean in School 4 was interviewed at 

the end of the investigation. The dean in School 5 was not available to be interviewed. This section 

includes the responses from deans which were classified, during data analysis, into sub-categories 

and their properties. 

 

5.3.1 Sub-category 1: Developing unity of vision and ownership of Thinking Science 

professional development in schools 

 
As members of the senior school management, the dean in each school could contribute to the 

development of unity of vision and ownership at all levels of the school hierarchy. 

 

The authorisation of professional development in each school was observed to be either the sole 

responsibility of the dean, or the dean and the principal working together. In Schools 1, 2 and 5, the 

deans were involved, at some level, with the principal in making decisions about participation in 

professional development which they viewed as supporting the school’s teaching and learning 

framework. The dean in School 1 explained that “initiatives first come from the senior executive 

and then flow down to every level in the school”. 

 

Table 5.6 summarises how these responsibilities were shared in each school. The first column 

shows the school number, the second column records whether the dean had sole responsibility for 

the authorisation of professional development, and the last column records whether the dean and the 

principal worked together on decisions about the implementation of professional development 

related to the school’s teaching and learning framework. 



152 
 

Table 5.6 
Responsibility for the authorisation of professional development in each school 

School Dean Solely 
Responsible 

Dean and Principal 
Work Together 

1 No Yes 

2 No Yes 

3 Yes No 

4 Yes No 

5 No Yes 

 

 

Although some deans and principals worked together to authorise Thinking Science professional 

development in the school, even when this occurred there was little observable unity of vision and 

ownership related to the introduction of the Thinking Science intervention. Once the professional 

development had been authorised, the deans in Schools 1, 2, 4 and 5 relinquished any involvement 

in the intervention and this was delegated to the head of science. This lack of involvement hindered 

the development of unity of vision and ownership in the school. As the dean of School 4 observed: 

 

The active involvement of the principal and other members of the senior management [in the 

Thinking Science intervention and professional development] has probably not been as 

strong as it should have been [for the development of unity of vision and ownership]. 

 

In School 3, the dean was initially interested in teachers’ reactions to the implementation of 

Thinking Science in their classrooms and the extent to which teachers found the professional 

development in relation to the lessons effective. 

 

School 3 dean: I think when teachers did the first lesson there were really mixed responses 

from some who said it just didn’t work, the kids weren’t able to follow the instructions, take 

the roles or whatever it was, whereas others said it worked really well. We need more 

practice at it but it worked really well. 
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Hypotheses 

• Deans contributed to the authorisation of professional development in each school either 

solely or with the principal. 

• Once an intervention had been approved, deans relinquished any practical involvement and 

support for the intervention. This was delegated to the head of science. 

• Most deans had little understanding of the Thinking Science intervention and its professional 

development and therefore were unable to contribute to unity of vision and ownership with 

either principals, heads of science or science teachers. 

 
5.3.1.1 Property 1: Participating in the initial meeting and decision-making 
The responses of deans to information sent to schools about the intervention and professional 

development, and to the invitation to the initial meeting—considered essential for the 

implementation of effective professional development in schools—has been discussed in Section 

5.2.1.1. 

 

Table 5.7 below indicates who received and read information sent to schools about the intervention 

and professional development, and who attended the initial meeting. Whether or not the information 

was read by each dean was confirmed during interviews. The first column shows the school 

number, the second lists who received the information in each school. The third column records 

which deans read the information and the fourth column shows which of the deans attended the 

initial meeting. 

 
Table 5.7 

The responses of deans to information sent to schools about the 
intervention and professional development 

School Received By Read By Dean Attended Initial 
Meeting 

 

1 HOS No No  

2 HOS No No  

3 Dean, HOS Yes Yes  

4 HOS No No  

5 Principal No No  
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Although research strongly suggests that the active involvement of all members of the senior school 

management is essential if an intervention and its professional development are to be successful 

(Dow, 2006; Supovitz & Turner, 2000), only one of the deans received and read the information 

provided and attended the initial meeting. Apart from the dean in School 3 none of the deans 

requested the information or asked to attend the meeting to decide on the implementation in the 

program in the science department. 

 

Hypotheses 

• Most deans did not receive the written information sent to the schools about the Thinking 

Science investigation and intervention. 

• Deans did not attend the initial meeting or contribute to the decision about the 

implementation of the intervention. 

 

5.3.1.2 Property 2: Understanding the purpose of Thinking Science 

The purpose of the Thinking Science intervention is to stimulate the development of cognition so 

that as many students as possible could develop thinking to the level of formal operational thinking 

and thus, have the ability to understand the many multivariate and abstract concepts in science. At 

this level of thinking, they can engage in the learning of concepts and skills at a greater depth than 

is possible through rote learning and transmission teaching. 

 

When I interviewed the dean of School 1, she demonstrated no interest, knowledge or 

understanding of any aspect of the Thinking Science intervention and took no active role in its 

introduction into the school. She was not interested in discussing it but, rather, informed me about 

the demographics of the school, and the current whole school professional development which was 

related to feedback and metacognition. 

 

The dean from School 2 expressed his lack of understanding of Thinking Science and its purpose. 

During the interview, he asked me to explain the ideas on which it was based: 

 

School 2 dean: From the little I know, it correlates with Harvard [Visible Thinking and 

Teaching for Understanding]. Marianne (HOS) feels that there is a nice meshing of ideas. 

Students think more and participate more. 
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Although the dean in School 3 had noticed that Thinking Science pedagogy resulted in a different 

approach to teaching and engaging students, she did not have a clear idea about its purpose. She 

viewed Thinking Science as supportive of the school’s teaching and learning framework because it 

involved an approach to thinking which included providing feedback to students in the form of 

metacognitive questioning. She explained that the connection between cognition and more complex 

thinking was not explicitly mentioned in the teaching and learning framework, but acknowledged 

that “there could be links which the school could explore”: 

 

School 3 dean: [Thinking Science] does make you think differently about how you develop 

units of work and how you engage boys in the classroom … The boys have to say, “Well, 

hang on, why don’t you tell us the answer? If you know the answer, why don’t you just tell 

us?” as opposed to “No, you have to find out”. [We want teachers] to rethink the way they 

give feedback. That’s why Thinking Science fits so beautifully within the teaching and 

learning framework—not just the theory but how to do it in the classroom. 

 

Knowledge of cognition and cognitive development was not evident in the views held about the 

purpose of Thinking Science by the deans of Schools 1, 2 and 3 although this was clearly stated in 

the information sent to each school prior to the initial meeting (see Appendix A). Some deans 

related the purpose of Thinking Science professional development to their school’s teaching and 

learning framework. 

 

The dean of School 4 was aware that the purpose of Thinking Science was to raise the level of 

student cognition and she was able to relate this to Piaget’s theories of cognitive development: 

 

School 4 dean: Sometimes what I’m told is not actually what is—the teachers and head of 

science think Thinking Science is a science skills program and not a program for the 

stimulation of cognition … I think it will take the students a little further in their 

understanding of concepts … My application of Piagetian theory led me to believe that we 

had quite bright girls here. I would not have been questioning whether they were concrete or 

abstract thinkers … I was intrigued that so many students didn’t reach abstract, formal, 

hypothetical thinking when they were 11 … And there will be teachers who are operating as 

concrete thinkers. I would never have considered that—maybe for unskilled, semi-skilled 

[workers] but not a teacher. 
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Hypotheses 

• Although, in each school, deans were employed to oversee teaching and learning, only one 

of the four deans understood the purpose of Thinking Science, i.e., to stimulate student 

cognition—and related the implications of cognitive development to teaching and learning 

in science. 

• All except one dean had no knowledge of the meaning and implications of cognition or 

cognitive development. 

• Three deans considered that Thinking Science supported the school’s teaching and learning 

framework but they didn’t have a clear understanding of the purpose of Thinking Science. 

 

5.3.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim of this investigation was to deliver Thinking Science professional development over a 

period of two years, and support science teachers to become fluent in evidence-based pedagogy 

which has been shown to stimulate the development of student cognition and thinking abilities. 

 

School 1: The dean demonstrated no interest in the intervention and provided no support for 

teachers. 

 

School 2: The dean supported the concept of long-term professional development in the form of a 

whole school teaching and learning framework, however this was not extended to Thinking Science 

professional development. The dean provided no support for teachers over the two years of 

professional development. 

 

School 3: The dean ensured that teachers were provided with two days of professional development 

at the beginning of the intervention. After this her support waned. 

 

School 5: The dean was aware that the intervention was taking place but, although she supported 

the idea, she provided no support for teachers during professional development. 

 

Hypotheses 

• Although all deans had been using long-term professional development to establish teaching 

and learning frameworks, this measure was not extended to Thinking Science professional 

development. 
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• Deans did not necessarily understand the need to implement a teaching and learning 

framework which was evidence-based as this was not the case in most of the schools. 

• Deans were unaware of the support required by teachers during long term professional 

development. 

 

5.3.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

Although three of the four deans acknowledged verbally that it was important that pedagogy be 

evidence-based, some schools had adopted teaching and learning frameworks which were not 

evidence-based. Information about the evidence base of teaching and learning frameworks is 

summarised in Table 5.4 (p. 138) and indicates that this verbal acknowledgement was not supported 

in practice. There was also a lack of awareness of the need to evaluate the effectiveness of teaching 

and learning frameworks and to use methods shown to be valid and reliable. For example, in School 

1, as a member of the learning committee implementing How Good is Our School: Part 4: Planning 

for Excellence (Donnelley, 2007), the dean was aware that this framework was based on evidence 

and that its results were evaluated within the school. However, whether Thinking Science was 

evidence-based was not expressed as a concern by deans in any of the schools when its 

implementation was considered. 

 

In School 2, the teaching and learning framework, Making Thinking Visible, which is not based on 

readily available peer-reviewed research, was used (Ritchhart & Perkins, 2008). The dean made 

assumptions about actions which, he believed, provided an evaluation of this learning framework. 

 

School 2 dean: The teacher assessment review and feedback from student surveys are useful 

in gauging the success of professional development. We also check to see if professional 

development relates to Harvard’s Making Thinking Visible and Thinking for Understanding. 

One key science indicator is when physics and chemistry numbers increase and when there 

is voluntary student involvement in science activities with no link to grades. 

 

In School 3, there was no formal, systematic research method for evaluating the success of 

professional development related to the school’s teaching and learning framework. The dean 

explained that teachers were expected to evaluate the new approach from student results in a 

summative task at the end of each unit of work. She also explained how the extent of 

successful learning could be quickly evaluated at the end of a lesson: 
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School 3 dean: We’ve got strategies like ‘Three, Two, One’—strategies that are exit passes: 

three things you’ve learnt, two things you know, one thing you still need to know. That 

becomes your exit pass. You can’t leave the class until you’ve filled it in. So that’s a really 

quick way of evaluating whether they’ve got it or not. 

 

The summative assessments and strategies such as ‘Three, Two, One’ were not specifically 

designed to evaluate the teaching and learning framework and nor were issues of their evidence-

base addressed. 

 

In School 5, the dean of teaching and learning described how senior school management’s approach 

to professional development was based on evidence: 

 

School 5 dean: When choosing appropriate professional development we look at the 

research that’s around and what the data is telling us and then we will take on new 

ideas. 

 

She acknowledged the need for evidence of the effectiveness of a current intervention which 

involved streaming classes in the science department: 

 

We still need to collect the data to get a sense of it. I’m not sure whether a survey has 

been done to evaluate how students have found science as a result of [streaming]. 

Feedback from students is always a very valuable insight into the success of 

anything. 

 

In relation to Thinking Science and the SRTs she said, “I am most interested in when it is evaluated 

for its success using the SRTs”. 

 

In most of the schools, there was no analysis available of the research on which the teaching and 

learning frameworks claimed to be based. In addition, there was no awareness of the need to 

evaluate them or any other interventions. ‘Evidence-based’ was a catch-cry in the schools. In this 

investigation, deans demonstrated no understanding of the characteristics of evidence-based 

practice such as the relevance of sample size, validity, reliability and a peer-reviewed theoretical 

base. 
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Hypotheses 

• The deans verbally acknowledged that evidence-based approaches to practice were 

important, however this was not often carried out in practice. 

• Three of the four deans were aware of the need to evaluate professional development but 

they did not know how to evaluate it in ways which were valid and reliable. 

• Most deans expressed no interest in the SRT results as an indicator of the effectiveness of 

the Thinking Science intervention. 

 
5.3.3 Sub-category 3: Implementing effective professional development 
 

The implementation of effective professional development depended on the deans’ knowledge and 

understanding of factors outlined in the following properties. 

 

5.3.3.1 Property 1: The importance of professional development 

Deans interviewed in Schools 1, 2, 3 and 5 all considered that professional development, as 

continual learning, was important for teachers. 

 

School 1 dean: Professional development is totally important in the school. It is important that 

teachers are kept up-to-date with educational changes … more teachers are asking what they are 

doing and why they are doing it. They are reflecting on their practice and asking themselves if what 

they are doing fits the care of students and promotes academic excellence. 

 

School 2 dean: Professional development is crucial as long as there is a net gain for students. The 

transfer of information, gained at a professional development session, to other teachers is important 

 

School 3 dean: Professional development is important. We have a teaching and learning framework 

that’s supposed to frame everything we do … the focus of our professional development is that it 

has to be involved with teaching kids higher order thinking skills.  

 

School 4 dean: I consider professional development to be very important for teachers but I think it 

needs to be focussed and not too individual and ad hoc. A lot of money is spent going to expensive 

conferences and I’m not convinced we’re getting value back, so we try to do as much as possible in-

house.  
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Hypotheses 

• Deans were aware of the importance of professional development in a school to keep 

teachers up to date with educational thinking and so that they can reflect on their practice. 

• Deans were aware that professional development can be expensive and therefore requires a 

focus, which is often provided in teaching and learning frameworks. 

 

5.3.3.2 Property 2: Developing new pedagogical skills over the long term 

School 1 dean: The dean commented that teachers had access to quality professional development. 

The whole school improvement plan which included reflection on practice was a long-term 

professional development program in the school; however, the dean did not view the development 

of pedagogical skills over the long term as a necessary part of the Thinking Science intervention. 

 

School 2 dean: The dean had not thought about developing pedagogical skills over the long term. 

He considered that it was necessary for teachers to share professional development with others in 

the department but how new pedagogical skills were transferred effectively to teachers was not a 

consideration. 

 

School 3 dean: The dean became aware that it would take time for teachers to develop new 

pedagogical skills: 
 

I think when they did the first lesson there were really mixed responses from some who said 

it just didn’t work, the kids weren’t able to follow the instructions, take the roles whereas 

others said it worked really well …We need more practise at it but it worked really well … I 

think the idea was we’ve just got to persist. You can’t just give up based on one lesson and I 

think things have just improved from there. 

 

School 4 dean: The dean acknowledged that pedagogical skills needed some time to develop. She 

commented on her observation of the pressure from teachers to acquire a new skill and see the 

improvement in student outcomes, quickly. She commented, “Teachers want to see a difference in 

student outcomes ASAP after a change. They were like this with laptops. [They said], ‘We’ve spent 

too much time doing this’”. 
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Hypotheses 

• Two of the four deans were aware that teachers required time to learn new pedagogical 

skills and embed them into their practice. 

• None of the deans were aware that pedagogical skills took time to develop and this process 

required long-term professional development.   

• The deans were all involved in the implementation of a teaching and learning framework but 

did not relate the acquisition of new pedagogical skills to the need for long-term 

professional development.  

 

5.3.3.3 Property 3: Planning time for long-term professional development 

This issue was not discussed with the deans as in all schools it had been delegated to the head of 

science. The head of science was provided with no additional resources, such as time, for the 

additional meetings required or a line of communication to the dean. Owing to this lack of 

communication, plans for meetings organised by the heads of science were often derailed by 

subsequent school activities which were organised without consideration for the planning which had 

occurred in the science department. 

 

Hypotheses 

• None of the deans supported planning for long-term professional development within the 

science department. 

• Usually, access to time for the additional meetings required was not considered or provided 

by members of senior school management. 

• All decision-makers needed to be involved in the allocation of time in to avoid conflicting 

demands. 

 

5.3.3.4 Property 4: Developing effective collegiality 

In School 1, the dean, as a member of the learning committee, encouraged departments to develop 

collegiality at their weekly faculty meetings at which they discussed the successes and difficulties 

they had experienced when implementing new pedagogical skills related to school-based 

professional development. As a result, the dean commented: 
 

School 1 dean: Science is one of the most collegial departments in the school. The teachers 

are happy to go into each other’s classes. 
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School 2 dean: Once a term each faculty has a session at which teachers disseminate what 

they have learnt [at PD they have attended]. Accountability, a meeting of minds, a 

responsibility to come back and share with other staff how [a PD session could benefit 

teachers and students]. 

 

School 2 dean: Teachers need models of learning communities—about sharing and opening 

the teaching and learning environment so that they can seek feedback on their practice. 

Teachers like to be the master of their domain, however, collegiality needs to be developed 

to provide feedback and mutual support. 
 

In School 3, the dean explained that, until recently, most science teachers had worked in isolation in 

separate offices in the school. Now they shared a workroom. The dean wanted the science teachers 

to develop effective collegiality, based on trust, so they could say, “The kids just rioted. How did 

you stop them, how did you go about it, how did you set it up?” She explained: 
 

We want them to collaborate better. [Involvement in the Thinking Science investigation and 

intervention] was a way of helping that process. So I think things have improved in twelve 

months … I actually see this [investigation] as quite beneficial ... I guess I was really 

impressed with the first professional development because I actually had a group of people 

who weren’t a particularly cohesive group but, what impressed me with that initial PD was 

how they were working together on the tasks you were setting them … Yes, they were 

incredibly engaged and that’s what impressed me for a department where I thought there 

were some personality issues … So that anything you do can only help us—which is outside 

Thinking Science in a way—but it is about better collaboration in a way. 

 

Hypotheses 

• Most deans were aware of the need to develop models of communication based on trust as a 

means of developing effective collegiality within the school but they did little to encourage 

this development explicitly. 

• The majority of deans knew that the development of effective collegiality was required to 

encourage discussion, collaboration, the sharing of learning, feedback and mutual support, 

which are essential factors for the success of professional development in the classroom. 
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5.3.3.5 Property 5: Including classroom coaching as part of professional development 

None of the deans in any of the schools was aware that classroom coaching is an essential 

component of effective professional development (Showers, Joyce & Bennett, 1987): 

 

In School 2, although, the dean acknowledged that teachers need “to seek feedback on their 

practice” he viewed this in terms of the development of effective collegiality rather than in 

terms of classroom coaching. 

 

In School 3, although the dean was not aware of the concept of classroom coaching, she was 

the only dean to accept the idea and authorise it in her school. She asked, “So what would 

you be proposing then? I think that we would be very happy to look at anything. It’s just 

maybe how it conflicts with some of our mandatory PD. We’re very open to any 

suggestions”. 

 

She acknowledged that classroom coaching would be “a really good thing for the department as 

well”. Permission was given to proceed as it did not impinge on other activities in the school but 

there was no further support from the dean to put it into practice in the form of discussion with the 

science department, provision of time for a post-lesson discussion between the coach and the 

teacher or consideration of an evaluation of classroom coaching. 

 

In School 4, the dean was not aware of the existence and benefits of classroom coaching and it had 

not been used as an essential part of professional development in the school. 

 

No active support for classroom coaching was forthcoming from any of the deans. 

 

Hypotheses 

• The deans were not aware of classroom coaching as an essential component of effective 

professional development. 

• The deans were not aware of how classroom coaching is implemented in a classroom and 

the need for feedback between the coach and teacher. 
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5.3.3.6 Property 6: Considering the sustainability of an intervention 

Very little, if any, consideration was given by the deans to ways in which new pedagogical skills 

gained during Thinking Science professional development could be sustained in the school as staff 

came and went. In School 2, the dean considered that effective professional development included 

an acceptance by teachers that they had a responsibility to come back and share its benefits with 

other staff to provide sustainability of new learning in the school. Otherwise, as he commented: 

 

When a teacher leaves, that investment all walks out the door when it could have had a 

bigger effect developing a particular aspect of teaching and learning. 

 

However, there was no explicit policy related to the identification of new and effective pedagogical 

skills in the school and how to sustain them as staff changed.  

 

School 3 dean: The dean explained that as one of the aims of the school’s teaching and learning 

framework was to include higher order thinking in teaching programs, members of the science 

department were hoping to sustain Thinking Science by including the lessons in the Year 7 program 

for the following year.  

 

School 4 dean: The dean described the need for a change in pedagogy but she did not address the 

issue of sustainability. 

 

Hypotheses 

• Two out of three deans were aware of the need to sustain new and effective pedagogy in the 

school but did not know how to go about it. 

• None of the schools had policies which identified new pedagogical skills which needed to be 

sustained in the school as staff came and went. 
 

5.3.3.7 Property 7: Evaluating changes in student thinking 

Evaluation of student outcomes, as a result of Thinking Science professional development and 

classroom intervention, was carried out using SRTs which were administered at the beginning and 

end of two years of professional development. Most deans expressed no interest in using SRT 

results to evaluate changes in student thinking:  

 



165 
 

Schools 1 and 2: The deans were not involved in the administration of SRTs and did not express 

any interest in viewing the results. 

 

School 3: The dean was interested in the results as indicators of the skills of individual teachers— 

to find out which of the science teachers had been responsible for the greatest effect in a classroom. 

This was not possible to analyse, as most of the classes had two or three teachers over the course of 

the two years. 

 

School 4: The dean was interested in the results as indicators of the performance of the science 

department. 

 

School 5: The dean expressed an interest in the results so that she could assess how well the science 

teachers had implemented the program. She commented: 

 

The assumption is that everyone has done what one hopes they would do. If that’s not 

entirely the case then there will be results from what they have done. I will need a very 

honest assessment of that. 

 

Hypotheses 

• When the deans were aware that student outcomes had been evaluated using SRTs, they 

expressed no interest in any changes in student cognition or in the success of the 

intervention. 

• Some deans assumed that the SRT results could be used as a way of assessing teacher 

effectiveness in the classroom or how well they had implemented Thinking Science in the 

classroom. 

• Deans were unclear about the purpose of SRTs in relation to student cognition. 

 

5.4 The responses of heads of science 

Whilst senior school management authorised professional development, heads of science were 

responsible for its implementation. They negotiated and organised the initial professional 

development day or days, depending on the school, and suitable days for classroom coaching. All 

five heads of science were interviewed during the intervention. 
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5.4.1 Sub-category 1: Developing unity of vision and ownership in the school 

Like all participants, the heads of science had a role in developing unity of vision and ownership in 

the school by supporting the introduction of the intervention, discussing the decision with teachers 

and laboratory assistants, ensuring the implementation of effective professional development and 

providing feedback on progress to stakeholders. 

 

The following comments were made by each head of science about the involvement of senior 

school management: 

 

School 2 head of science: Senior management is aware of it but, otherwise, is not involved 

in it. 

 

School 3 head of science: The headmaster has no interest in professional development. He 

signs off on internal PD. He has no input, except perhaps if the PD involves an international 

conference, leave and costs that are not just day-to-day costs. 

 

Heads of science at four of the schools did not consider it necessary to include the principal in 

discussions about the implementation of the Thinking Science intervention. For instance, when I 

asked to meet the principal of one school, the head of science said, “What would he know about 

professional development? He isn’t interested”. Another said, “The principal? Why ever would you 

want to ask her?” In two other schools, mention of the principal in this context was met with no 

suggestion that he or she would be required to have any active involvement in decisions about the 

introduction and implementation of the intervention in the science department. 
 

At the beginning of the intervention, the head of science in School 3 was asked about progress by 

the dean from time to time. The dean commented:  

 

School 3 dean: I mean, I must say, I haven’t been closely involved. I get feedback from the 

head of department and after the first lesson I talked to all the teachers … 

 

In Schools 4 and 5, although the deans were informed about the introduction of the 

intervention, the heads of science were never asked for feedback.  
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Providing feedback to stakeholders about the progress of an intervention helps to maintain unity of 

vision and ownership in a school (Adey et al., 2004). Table 5.8 outlines whether formal and/or 

informal feedback was provided by the head of science to either the principal or the dean over the 

two years of the intervention. The first column indicates the school number, the second indicates 

whether formal feedback was provided to the principal and the third whether or not this was also 

provided to the dean. The fourth and fifth columns relate to the provision of informal feedback to 

the principal and dean, respectively. 

 
Table 5.8 

Feedback provided by the head of science 

School 
Formal feedback 

provided to 
principal 

Formal 
feedback 

provided to 
dean 

Informal feedback 
provided to 

principal 

Informal 
feedback 

provided to 
dean 

1 No No Occasionally No 

2 No No No Occasionally 

3 No No No Occasionally at 
outset 

4 No No No Occasionally 

5 No No No No 

 

 

Table 5.8 illustrates that there was no formal feedback about the progress of the intervention from 

the head of science to senior school management. In three schools there was informal feedback 

occasionally to one principal and to three deans over the two-year period of its implementation. 

 

Hypotheses 

• Heads of science in two schools did not expect that the dean or principal would have any 

interest in professional development. 

• The implementation of the intervention was delegated to the head of science with very 

minimal or no support from senior school management. 
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• Any formal or informal feedback from heads of science to the principal or dean was 

incidental and not set up intentionally to maintain or develop unity of vision and ownership 

of the intervention over the two years in any of the schools. 

 

5.4.1.1 Property 1: Participation in an initial meeting 

Participation in an initial meeting was essential for the promotion of unity of vision and ownership 

of the intervention. Attempts to organise an initial meeting between stakeholders were generally 

made by the researcher through the head of science. 

 

Table 5.9 provides an outline of the participation of heads of science in an initial meeting about the 

decision to adopt the Thinking Science intervention. Column 1 shows the school numbers, Column 

2 records whether an initial meeting took place and Column 3 indicates who attended the meeting. 

 
Table 5.9 

HOS participation in the initial meeting 

School Initial Meeting Initial Meeting 
Participants 

1 No Nil 

2 Yes Researcher, HOS 

3 Yes Researcher, Dean, 
HOS 

4 No Nil 

5 Yes Researcher, HOS, 
Teachers 

 

 

In Schools 1 and 4, the head of science did not participate in an initial meeting about the decision to 

adopt the Thinking Science intervention. In Schools 2, 3, and 5, the head of science met with the 

researcher. In School 3, the dean was present and in School 5 the science teachers were present—

but they felt that a decision had already been made prior to the meeting. None of the schools had a 

policy or procedure outlining the role of the head of science, or any other staff member, in an initial 

meeting to consider the implementation of an intervention. From the outset, heads of science varied 

in the degree to which they were consulted by senior school management about the decision to 

introduce the intervention and their initial support for it. For example, they were consulted in 
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Schools 2, 3 and 5, and subsequently, together with the science teachers and laboratory assistants, 

initially demonstrated some degree of active support for it in those schools. Conversely in Schools 3 

and 4 in which the heads of science did not participate in an initial meeting, only minimal support 

was forthcoming from within the department. 

 

Hypotheses 
• Schools have no process to follow to ensure that the views of prospective participants are 

considered when making the decision to implement an intervention. 

• Greater support for an intervention is observed when the head of science and teachers are 

consulted as part of the decision-making process. 

 

5.4.1.2 Property 2: Understanding the purpose of Thinking Science 

The purpose of the Thinking Science intervention was to teach evidence-based pedagogical methods 

which stimulate the level of student cognition from concrete to formal operational thinking, thus 

enabling students to think using multivariate data and abstract thought, both of which are commonly 

required when learning or thinking about scientific concepts. 

 

The heads of science in Schools 2, 3, 4 and 5 considered that, in this case, professional development 

was required so that teachers could learn how to teach thinking but they were unable to define 

thinking, cognition or its development. They tended to view the Thinking Science intervention as a 

skills program: 

 

School 2 head of science: We hope the students will gain skills in looking further into 

activities, rather than just expecting all the answers to be provided by the teacher … I’m 

really focussing on skills for them. 

 

School 3 acting head of science: I think the benefits of the Thinking Science program will be 

seen with Years 9, 10 and 11 students more than with just Year 7 students because you’re 

setting up that idea, “We’re thinking”. When they get to an age where they are more capable 

of thinking for themselves and problem-solving for themselves, they will at least have been 

introduced to the skill. 

 



170 
 

School 4 head of science: The staff is positive about Thinking Science because it breaks 

down things we are trying to teach into clearly identifiable skills. Kids see it as working 

towards a skill … 

 

School 5 head of science: I found the focus on skills to be pretty crucial—particularly the 

lesson on variables. 

 

They commented that, after completing the first few lessons, students were more skillful at 

identifying variables and their relationships, using graphs and designing fair tests. On the other 

hand, the head of science in School 3 related the purpose of Thinking Science to enhancing 

students’ confidence to think about concepts which they found difficult: 

 

School 3 head of science: We are hoping that the penny will drop for a larger proportion and 

that they will not be so frightened of thinking. A lot of students hesitate to think … [the 

purpose is] to bring ideas, such as relationships, which students find extremely difficult … it 

should get them to think in a way that they should make deductions and observations. 
 

Hypotheses 

• Heads of science indicated that they had no understanding of the Thinking Science 

intervention and its purpose. 

• Heads of science tended to view the purpose of the Thinking Science intervention as a 

science skills program which focussed on fair testing. 

• Heads of science did not relate the Thinking Science intervention to the development of 

student cognition and its significance for teaching and learning in science. 

 

5.4.1.3 Property 3: Understanding the aim of Thinking Science professional development 

At the end of the two years, heads of science were interviewed about the aim.  

 

School 1, field notes, Nov 2, 2010: The head of science described how, three years prior to this 

investigation, he had introduced the Thinking Science intervention into the science department with 

no professional development at all. Science teachers were expected to learn the new pedagogical 

skills from copies of the 30 Thinking Science lessons. 
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School 2 head of science: The principal and dean are aware of the program but are otherwise not 

involved in supporting it in any way. In the first year, two of the six teachers were not prepared to 

be involved in the intervention but were on board during the second year. Three of the teachers, and 

myself, helped one another and you came for classroom coaching in their classes. The laboratory 

assistant has struggled to find storage for the thirty Thinking Science lessons. Without any other 

assistance, I struggled to support teachers over the two-year period. 

 

School 2 head of science: We have had good support for Thinking Science—the demonstration 

lessons and the classroom coaching. It would be good if teachers who missed out on the original 

coaching and demonstration lesson had that opportunity [to experience it]. 

 

School 3 head of science: The established teachers have embraced Thinking Science professional 

development quite well. The program has actually emphasised our school philosophy which is a 

teaching and learning program where thinking is supposed to be the emphasis with which students 

conduct themselves. 

 

School 3, field notes, Aug 14, 2012: Two out of ten teachers who volunteered as case studies 

participated in classroom coaching. According to the head of science, the development of 

collegiality was encouraged through the discussion of lessons at staff meetings. No feedback was 

provided to the principal or dean and no additional support was offered from them. 

 

School 4 head of science: The head of science had completed only two of the 15 lessons in his 

classes during 2012. I was able to carry out classroom coaching in all science classes except his. 

These responses were indicative of his lack of interest in ensuring that teachers were provided with 

support for this professional development over the period of two years.  

 

School 4: Two teachers stated that there was nobody in the science department leading Thinking 

Science. 

 

Hypotheses 

• Heads of science were generally unaware of the aim of Thinking Science professional 

development, or of the need for professional development when learning new pedagogy. 
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• Heads of science were not supported by the principal and the dean over the two years of 

Thinking Science professional development in any of the schools. 

 

The professional development needed to be delivered with fidelity to the research on which it was 

based. This included long-term professional development, opportunities, as a department, to discuss 

lessons used and to try out those coming up, the development of effective collegiality and the 

implementation of classroom coaching. 

 

School 2 head of science: We talk about Thinking Science in faculty meetings as well as informally. 

This did not include two teachers who were reluctant to participate. The three of us who have been 

participating have all used your offer of classroom coaching. 

 

School 3 head of science: Well we don’t really need any additional support. We are reasonably 

well-resourced as far as equipment is concerned. I think the new principal has been made aware, not 

by me but by the dean, that we are doing this science thinking skill … We discuss lessons at staff 

meetings and everyone says that experimental design and identifying variables has improved. 

 

School 4 head of science: Teachers discussed lessons at science meetings and three teachers formed 

a group to help one another understand and prepare the lessons. In the first year quiet a number of 

teachers used your offer of classroom coaching but this dropped away in the second year. 

 

School 5 head of science: The two lessons on coaching—I think that’s a minimum. It would have 

been good to have had a couple of lessons in the first year and a couple in the second but 

unfortunately there wasn’t that continuity. 

 

Hypotheses: 

• Heads of science were not always aware of evidence-based professional development as a 

concept. 

• Heads of science were often unaware that support was required during the implementation 

of professional development. 

• Teachers in most schools discussed Thinking Science lessons and supported one another, 

mostly informally or at science meetings. Collegiality became ‘Balkanised’ as there was no 

deliberate attempt to organise and practise effective collegiality. 
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• Classroom coaching was used by at least two teachers in each school but it was not 

promoted as a necessary part of evidence-based professional development. 

 

5.4.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

Within each science department, the use of valid, reliable evidence-based practice was not an issue 

of discussion or concern for heads of science when choosing to adopt the Thinking Science 

intervention. For example, the head of science in School 1 had, two years previously, implemented 

the intervention without any professional development, thus indicating a lack of knowledge of, or 

concern for, the evidence which was related to factors most likely to result in effective professional 

development (Adey et al., 2004; Robinson et al., 2008). 

 

In School 2, after two years of implementing Thinking Science professional development, the head 

of science reverted to a previous program. When questioned about its lack of evidence in the form 

of peer-reviewed papers or evaluations, she said: 

 

The whole school is returning to using our teaching and learning framework because it fits 

the school’s philosophy and routines … I’m doing it because the students enjoy it and I like 

using it. We use creative spark thinking. 

 

School 3, field notes, Aug 4, 2012: When interviewed, the head of science had no concept of 

evidence-based professional development, nor could he recognise any pedagogical skills related to 

Thinking Science, the development of cognition or thinking. 

 

School 3 head of science: Thinking is actually emphasised in our school. Thinking is supposed to be 

the emphasis with which students conduct themselves. Teachers just give them the materials. 

Getting students to think is an on-going process and takes time … higher order thinking exists but 

Year 7 find it too difficult. 

 

In Schools 4 and 5, issues regarding the importance of evidence-based practice were never raised by 

the heads of science. The following comments were made when heads of science in Schools 3 and 4 

were asked about this issue. Most of their comments bore no relation to the question asked: 

 

School 4 head of science: I’m not concerned about the evidence base [of Thinking Science 

pedagogy]. The purpose is to enable teachers to reflect on their own personal pedagogy and 
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teaching, to get students to think in a certain manner so that they can analyse relevant from 

irrelevant information. It should raise their awareness of what they should be doing when it’s not a 

Thinking Science lesson.  

 

Hypotheses 

• Heads of science demonstrated a lack of awareness of the need for and importance of 

evidence-based pedagogy or professional development—or even the need for any form of 

professional development. 

• Heads of science were unaware of the factors most likely to result in effective professional 

development and this issue was never raised by the head of science in any of the schools. 

• Heads of science were unable to describe the pedagogy or the professional development 

related to the Thinking Science intervention.  

 

5.4.3 Sub-category 3: Implementing effective professional development 

The factors which, according to research, are most likely to contribute to the implementation of 

effective professional development are analysed in the following properties: the importance of 

professional development, developing new pedagogical skills over the long term, planning for long-

term professional development, developing effective collegiality, including classroom coaching as 

part of professional development, and considering the sustainability of the intervention. 

 

5.4.3.1 Property 1: The importance of professional development 

The importance of professional development was discussed with the head of science in each school. 

The heads of science in Schools 2, 3 and 5 considered that, in this case, professional development 

was required so that teachers could learn how to teach thinking but they were unable to define 

thinking, cognition or its development, the specific professional development required or the 

evidence on which it was based. The head of science in School 1 had expected the science teachers 

to implement Thinking Science with no professional development at all. The head of science in 

School 4 was unconvinced about the need for professional development in this instance.  

 

Hypotheses 

• Three heads of science considered that professional development was important in the case 

of Thinking Science. Two did not. 
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• Heads of science in each school were unable to define what was meant by thinking or 

cognition in general or in relation to Thinking Science.  

 

5.4.3.2 Property 2: Developing new pedagogical skills over the long term 

Information delivered to schools advised that two days of professional development were required 

at the beginning of the intervention. There was little concept of the need to develop new 

pedagogical skills over the long term in all schools. Four out of five of the heads of science 

experienced difficulty gaining the approval of senior school management for these two days (see 

Table 5.5). 

 

Most professional development experienced by the heads of science had been short term. The need 

for additional time to learn new pedagogical skills was not expected or understood within science 

departments or within the senior school management and was not able to be accommodated. 

For example:  

 

School 2, Feb 9, 2011, email from head of science to researcher: We talked last year about 

starting this program. Since then, the school has allocated us one day for the PD. Is it 

possible to do it in this time? 

 

School 2, Feb 10, 2011, email from researcher to head of science: Unfortunately, it is not 

possible to deliver Thinking Science PD in one day. I think I sent you an outline of the PD 

package.  

 

School 2, Feb 11, 2011, email from head of science to researcher: It is just very difficult to 

get two full days off for the science staff initially. 

 

Hypothesis 

• Heads of science were unlikely to be allocated the two days required for initial Thinking 

Science professional development by senior school management. 

 

5.4.3.3 Property 3: Planning time for long-term professional development 

The heads of science in each school experienced difficulty finding planning time for long-term 

professional development—time for meetings to discuss past lessons and to plan and trial new ones. 
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School 2 head of science: Although we talk about Thinking Science in faculty meetings as well as 

informally, teachers don’t readily make connections between the [Thinking Science] lessons and 

regular science lessons. It’s difficult to find time for additional meetings—you could flag to schools 

considering Thinking Science. 

 

School 3 head of science: I didn’t believe it would take so long [to learn how to use Thinking 

Science pedagogy fluently]. Although we discussed Thinking Science lessons at faculty meetings 

and amongst ourselves, it was difficult to plan for specific times to discuss past and future lessons. 

 

School 4 head of science: Although we all discussed lessons informally and sometimes at staff 

meetings, we were always under pressure to complete the syllabus and did not have time for 

additional meetings. 

 

School 5 head of science: Thinking Science was an eye-opener for teachers involved, a way to 

reflect on their own personal pedagogy. The downside was the pressure of time to get through the 

syllabus. If we have a [Thinking Science] lesson once a fortnight that’s one out of eight lessons 

down. 

 

Hypotheses 

• The concept of long-term professional development was new to heads of science but they 

understood that the pedagogical skills used in Thinking Science lessons developed only with 

practice and discussion over the long term. 

• Heads of science and teachers required time to discuss past and future lessons but 

experienced difficulty finding and planning time for long-term professional development. 

• There was pressure to use available time to complete the mandated syllabus. 

 

5.4.3.4 Property 4: Developing effective collegiality 

Although heads of science were aware that collegiality was desirable, they were unaware of the 

characteristics of effective collegiality. In addition, no evidence was observed, in any school, of a 

systematic effort to model and develop effective collegiality between principals, deans and heads of 

science. There was no awareness of ways in which school politics could impede the development of 
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effective collegiality. The level and nature of collegiality, in the initial stages of the intervention, 

were described by the heads of science: 

 

School 2 head of science: We talk about Thinking Science in faculty meetings as well as 

informally. We check on progress by discussion … 

 

‘We’, in this case, referred to the head of science and the two teachers who requested the 

implementation of Thinking Science. As a result, collegiality was ‘Balkanised’ in this school 

between the three who supported the intervention and the two who did not. A similar situation 

developed in School 4. 

 

In School 3, although the head of science was not concerned about the need to develop collegiality 

in the department Thinking Science lessons were discussed amongst teachers: 

 

School 3, head of science: Teachers talk about it—what happened in lessons, about 

modifying lessons. There is a positive interaction between individuals. They are now talking 

about the nitty-gritty of teaching. Teachers are happy to share what they have done. We 

monitor progress via our staff meeting so that it’s formalised …  

 

In School 5, there was a culture of ‘comfortable collegiality’. Teachers exchanged worksheets, had 

lunches and morning teas together at times, but did not discuss difficulties, such as the negative 

response of students to the intervention: 

 
School 5 head of science: [Thinking Science] is not something that all teachers here have 

been sold on … partly because the girls didn’t enjoy it as much [as other approaches to 

science teaching and learning] … probably because the girls like to have answers and like 

the security of their own knowledge so being left wondering and having less structure than 

they are used to might result in less sense of achievement … and be frustrating for them. 
 

Hypotheses 

• Heads of science had no understanding of the nature of effective collegiality, or how to 

develop it within the science department. 
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• Because of a lack of understanding of the role of collegiality in professional development, 

heads of science were not particularly concerned about its development and therefore either 

no collegiality, ‘Balkanisation’ or ‘comfortable collegiality’ developed. 

 

5.4.3.5 Property 5: Including classroom coaching as part of professional development 

During the two years of professional development, two sessions of classroom coaching were offered 

to all science teachers in each of the schools. This was a new concept for all heads of science. None 

had previously experienced classroom coaching as part of professional development and nor had 

they heard of it. Initially, it was difficult for them to feel comfortable with the researcher in the 

classroom. This was expressed as a general lack of confidence about their ability to use the new 

pedagogical skills immediately after the first professional development session, and a fear of 

criticism. Because of this, schools requested a demonstration lesson: 

 

School 3 head of science: I was wondering if you would mind coming in and presenting to 

one of the classes so that we can make a little video please? 

 

School 4 head of science: After speaking with the teachers involved with Thinking Science, 

they all asked if it would be possible for them to observe a lesson of Thinking Science that 

you led. I think they feel a little lacking in confidence that they are doing the right things—

despite my reassurances. 

 

School 5 head of science: We were discussing the program today and were thinking it might 

be instructive if you could take a lesson with one or more of our classes [with us supporting] 

to reflect on our own techniques. How does that sound? 

 

I responded by offering a demonstration lesson which included team teaching as an introduction to 

classroom coaching: 

 

School 2, researcher to head of science, Aug 19, 2011: This is a suggestion for you, Judy 

and Evelyn. For the first classroom coaching session at another school, I did a demonstration 

lesson and we team taught. The teachers found it useful to see the strategies in action. If you 

would like to do this, I am happy to, or to observe you and team teach with you as originally 

planned. 
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School 3, researcher to head of science, May 18, 2011: If any of the teachers are nervous 

having me in the class, for the first coaching session, I can do a demonstration lesson with 

them team teaching with me. 

 

School 5, researcher to head of science, Mar 7, 2012: Yes, as part of the coaching I offer to 

take a lesson and model the pedagogy if teachers request it. I find it works well if I start 

things off and then, as the lesson progresses, the teacher can also go around the groups and 

stimulate discussion through questioning and talking with students. 

 

The heads of science became positive about the benefits of classroom coaching: 

 

School 2, head of science: I enjoyed having the demo lesson. Good to watch somebody else 

doing it—you pick up a lot such as ways of relating to the students that I might not have 

thought of before … I felt that the level of support was OK, it was good. It would be good if 

the people who missed out on the original coaching got it. 

 

School 3, head of science: It can be quite threatening if you don’t want someone watching. It 

can be a threat here because students might think that there is something wrong, misinterpret 

it and go home and say someone has been in the classroom teaching their teacher what to do.  

 

School 3, head of science: Classroom coaching helps us pinpoint what we are doing. Often 

we are not aware of our habits. Having a person observing and coming back with comments 

that help change habits we mightn’t pick up on. What are the gains? More integration of 

Thinking Science pedagogical skills into daily lesson plans. 

 

School 5, head of science: The two lessons of coaching—I think it’s a minimum. It would 

have been good to have a had a couple of [coaching] lessons in the first year and a couple in 

the second to follow up but unfortunately there wasn’t continuity [due to staff illness]. 

 

School 4, head of science: Thanks again for coming in and taking that lesson [for a teacher]. 

I’ve burned several DVDs of the lesson and distributed them to the other Year 7 teachers so 

that they can watch it in their own time. 
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Classroom coaching then occurred in all the schools at the request of the researcher, mainly in 

classes of teachers who had volunteered to participate in a case study. Although time was not 

allocated for discussions of these lessons, emails were exchanged.  

 

Table 5.10 provides a summary of the participation of heads of science in classroom coaching. 

Column 1 shows the number of each school, Column 2 the participation of the heads of science in 

the first classroom coaching session, and Column 3 their participation in the second session. 

 
Table 5.10 

Participation in classroom coaching 

School Head of Science 
First 

Head of Science 
Second 

1 Withdrew prior to 
classroom coaching 

 

2 Yes Yes 

3 No No 

4 No No 

5 Yes Yes 

 
 

In School 1, there was no classroom coaching in the six months before the school withdrew from 

the investigation. Classroom coaching was carried out in the classes of heads of science in Schools 

2 and 5. 

 

Although two sessions of classroom coaching, with the additional support of classroom 

demonstrations and team teaching, were offered, only 50 per cent of heads of science participated. 

 

Hypotheses 

• Heads of science had not experienced or known of classroom coaching as a part of effective 

professional development. 

• Teachers, including heads of science, were often reluctant to have a classroom coach due to 

a lack of confidence and fear of criticism. 

• The fifty per cent of heads of science who participated in classroom coaching became more 

positive about its benefits. 
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5.4.3.6 Property 6: Considering the sustainability of the intervention 

The sustainability of professional development was not a major concern for heads of science in any 

of the schools. However, one of the problems which quickly became evident was how to provide 

adequate professional development for teachers new to the school. The following is an example 

from School 3. Three teachers had had no Thinking Science professional development or support 

since their arrival in the middle of the year. They were uncertain about the purpose of Thinking 

Science. There was no suggestion from the head of science, or the dean, that anything but very 

minimal professional development would be made available to teachers new to the staff. The head 

of science said: 

 

There are some [new teachers] who haven’t come on board with it because they’re new to it. 

They say there is no value in it … they say that they see it as outside of science, it doesn’t 

give them independence in the classroom … because we’ve had a lot of staff turnover this 

year [new teachers] are a bit puzzled by it. 

 

In School 3, new teachers struggled with Thinking Science in their classrooms. I mentioned this to 

the head of science who regarded the puzzlement of the new teachers as their own personal failing. 

 

Researcher to School 3, head of science: They’ve missed out on the professional 

development and that does make a difference. [Having been in their classes] they still don’t 

really know what it’s about. 

 

School 3 acting head of science: I’m going to talk to them and say, “Look, you’ve got to get 

on to this and see how you’re going to integrate it into your teaching because it’s going to be 

helpful”. 

 

In School 4, procedures to ensure sustainability were not formalised as part of the professional 

development program by the head of science. For example, teachers who had initially requested the 

introduction of Thinking Science provided professional development to a newly trained teacher 

without any support from the head of science.  

 

In School 3 and School 5, I was allocated one period to provide the necessary professional 

development to new teachers. This was then followed by two visits to their classrooms. They 

received no other formalised assistance from the head of science or any other member of staff. 
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Hypotheses 

• A planned approach to the sustainability of the intervention was not implemented by the 

heads of science.  

• Heads of science did not understand the need for a systematic long-term approach to support 

teachers new to a school, as they became proficient in Thinking Science pedagogy. 

• Without effective professional development teachers new to a school struggled with 

Thinking Science pedagogy. 

 

5.4.3.7 Property 7: Evaluating changes in student thinking 

Most heads of science expressed little interest in evaluating changes in student thinking over the 

two years of implementation of Thinking Science. Evaluations were carried out by comparing the 

cognitive levels recorded at the beginning of Year 7 using SRTII and those at the end of Year 8 

using SRTIV. The results of these evaluations are recorded in Chapter 4. 

 

5.5 The responses of teachers 

 

5.5.1 Sub-category 1: Developing unity of vision and ownership of Thinking Science 

professional development in the school 

Although successful implementation of the intervention depended on the willingness of teachers to 

invest the necessary time and effort over a relatively long period, the actions of the senior school 

management in each of the schools indicated that the inclusion of teachers in decisions about the 

implementation of an intervention and its professional development was not viewed as a priority. Of 

the 33 teachers involved in the intervention, only eight actively supported it initially. The remaining 

25 had been advised that the intervention was to be implemented by the dean or the head of science. 

The manner of introduction—consultation and initial support for teachers—is summarised in Table 

5.11, page 185. 

 

At the beginning of the program, teachers in Schools 2, 4 and 5 noted some evidence of unity of 

vision and enthusiasm within the science department but this was not shared with other stakeholders 

in each school: 
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School 2 head of science (speaking of teacher reaction to the initial professional 

development day): It was a fantastic day … The staff have all commented on how useful it 

was and they seem quite excited by the program. 

 

School 4 teacher: [A sense of vision] is certainly shared within the department. [Senior 

management] is supportive but not heavily involved. 

 

School 4 teacher: I think the Thinking Science program is very worthwhile and am keen to 

continue with it … as are Brenda, Diana, Stella, Nora and Felicity, with Joanne also keen to 

‘do her best’. 

 

School 5 teacher: [A sense of unity of vision] is strong within the science staff but not so 

strong with the executive. 

 

Without any unity of vision within the department or between the department and senior school 

management, teachers experienced difficulties implementing Thinking Science in their schools: 

 

School 4 teacher: I think that it’s important that there’s a whole school or a whole science 

department understanding of the program and enthusiasm for the program before you even 

try to implement it. At our school it’s been hard to implement it consistently across classes 

where not all teachers are on the same page as to the outcomes and the purpose of Thinking 

Science. 

 

School 4 teacher: [All the teachers] were doing Thinking Science because they had been told 

to by the head of science. [After the first PD Day in 2009] the other teachers didn’t want to 

come on board and that led to difficulty getting it across to kids. 

 

Another teacher commented on the difficulties experienced when trying to work together without a 

sense of unity of vision and purpose: 

 

School 5 teacher: This year I’ve had the top [Year 8] class … This group doesn’t know [how 

to work in a group] so it’s a real battle to get them into threes and then not put their hands up 

… they’re quite negative about it. I think Di, who had them last year, was quite negative 
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about it [and they weren’t taught how to work together in a group] … so I’m not sure how 

much of it comes through from her not liking it either, so I’ve struggled a bit this year. 

 

Hypotheses 

• Without unity of vision amongst the science teachers, they were unlikely to support the 

implementation of the intervention for very long or be able to work on it together. 

• Without unity of vision between the science department and the senior school management 

and the support this brings, science teachers experienced difficulty implementing the 

intervention. 

 

5.5.1.1 Property 1: Participation in the initial meeting 

The human need to be acknowledged and listened to was not addressed for teachers when decisions 

were made to introduce Thinking Science into their classes. They did not have a formal opportunity 

to contribute to the decision-making and to the development of unity of vision and ownership which 

could have developed from that. 

 

Table 5.11 displays the way the intervention was introduced to teachers, apart from the head of 

science, and their subsequent support for it. Column 1 shows the school number, Column 2 the 

mode in which the intervention was initially introduced to the science teachers and by whom, 

Column 3 records whether teachers were consulted, Column 4 shows the proportion who were 

supportive and the last column shows the proportion who were unsupportive. 
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Table 5.11 
Mode of introduction, consultation and initial support from teachers 

School Mode of 
Introduction 

Teachers 
Consulted Supportive Unsupportive 

1 Mandatory 
HOS involved 

No 0/7 8/8 

2 2/4 teachers 
requested 

Remainder 
No 

2/4 2/4 

3 Mandatory 
by dean 

No 2/9 7/9 

4 2/7 teachers 
requested 

Remainder 
No 

2/7 5/7 

5 Dean & HOS 
Viewed as 
mandatory 

No 
 

2/5 3/5 
 

 

 

In School 1, the intervention was mandatory and had been introduced two years previously without 

any professional development. At the initial professional development all the teachers were 

unsupportive. In School 2, the two teachers who requested the introduction of the intervention were 

supportive. The two remaining were not consulted and, at the initial professional development, they 

were not supportive. In School 3, the intervention was mandatory and teachers were not consulted. 

Initially, only two out of nine teachers were supportive. In School 4, two teachers requested the 

introduction of the intervention. The remainder were not consulted. The program was mandatory 

and they were initially unsupportive. In School 5, teachers were not consulted about the 

introduction of the intervention. Two were initially supportive and three were not. There was an 

initial meeting which teachers attended but as one School 5 teacher said: 

 

We attended the meeting but I had the impression that the decision to implement the 

intervention had already been made. 

 

These observations indicate how important the consultation of teachers is in relation to the 

introduction of an intervention as the decision of individual teachers to participate, or otherwise, in 

professional development is crucial to its success. The lack of consultation in each of the five 

schools demonstrates a disregard for teachers, as it was they who would be contributing hours 

learning the new pedagogy, planning and delivering the lessons. 
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Hypotheses 

• Teachers were rarely consulted about the introduction of the intervention and accompanying 

professional development although they were to carry most of the additional workload, 

including time, learning and effort.  

• Teachers who were not included in the decision-making about whether to introduce the 

intervention into their school were unlikely to be supportive of it. 

 

5.5.1.2 Property 2: Understanding the purpose of Thinking Science 

The purpose of the Thinking Science intervention was to teach pedagogy known to stimulate the 

development of student cognition to the level of formal operations at which multivariate and 

abstract scientific concepts could be understood. During the investigation, only two out of thirteen 

teachers could describe, even at a rudimentary level, a concept of cognition and/or cognitive 

development or relate the development of thinking to the development of cognition: 

 

School 4 teacher: [Thinking Science] is a program based on cognitive development 

psychology. It aims to get students to progress through stages of conceptual thinking by 

exposing them to cognitive activities that may shift their understanding and push them from 

concrete to formal operational thinking—I take that to mean thinking abstractly … so a 

student can pick up concepts like particle theory and electron configuration and a lot of the 

other concepts we use in science. 

 

School 5 teacher: It mentally challenges the girls to engage with their science. It gives them 

an opportunity to problem-solve that they don’t have in many other subjects or many other 

areas of life … If I were speaking to other teachers I would say, “You know you are really 

getting your girls to do brain gymnastics, to switch their mind on and use it in a different 

way”. 

 

School 5 teacher: I haven’t got into [the developmental stages and descriptions of thinking 

described within the Thinking Science program] really, not actively. I do think there’s a 

developmental process. I know that it’s controversial. Lots of people think differently but I 

do think there’s a developmental process and those who don’t get it in Year 7 get to it in 
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Year 8 … but I do think there is a point when some kids can go to the abstract thinking 

skills in their head and some kids don’t ever get there—even in Year 10. 

 

A lack of understanding about the development of student cognition and its implications for 

teaching and learning was not peculiar to the science department. School 5 was in the process of 

professional development to develop thinking and enquiry learning over the whole school: 

 

School 5 teacher: As a demo [of the approach to the development of thinking in a classroom 

based on Thinking Science] for all the teachers in the school, I chose the tubes variables 

related to frequency. The teachers were quite anti—particularly English and language 

people. They really were quite badly behaved. They just didn’t want to do it and it was just 

all too trivial … they were really thinking that this is a waste of time. It really was quite 

difficult to get them to understand. They didn’t understand the point of it at all. 

 

Hypothesis 

• Teachers demonstrate very little knowledge and understanding of cognitive development, 

and its implications and importance for the ability of students to learn complex and abstract 

concepts in science. 

 

Others related its purpose to a range of teaching outcomes experienced in science classrooms which 

they viewed as developing the ability to think: 

 

School 2 teacher: [Thinking Science] is about conceptual change, changing the way 

[students] understand things conceptually, I suppose. I suppose that’s what we’re doing 

whenever they are trying to learn—thinking through things. 

 

School 4 teacher: To make students think in a scientific way—to increase their 

understanding of the scientific method. To make students become more independent 

thinkers and learners. 

 

School 5 teacher: To make them think about some of the complex concepts in experiments: 

how to make them fair, how to deal with data. We teach this every year … something we 

teach flat out all the way to Year 12, fair testing, dependent and independent variables and 

things. Thinking Science makes it a very special subject, makes them think it through. 
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Hypothesis 

• Some teachers recognised that the purpose of the Thinking Science intervention was to 

provide opportunities for students to think for themselves about the concepts they were 

learning in science classes and the complexities of those concepts, but they did not relate 

this directly to the development of cognition. 

 

The majority of teachers viewed Thinking Science as a science thinking skills program rather than a 

program developed to raise the level of student cognition: 

 

School 3 teacher: We’re hoping actually to have one Thinking Science lesson per cycle so 

that at least every fortnight there’ll be one skills lesson taught in Year 8 … There’s more of 

a focus of making sure students have got the science skills to do some of the tasks that we 

cover in science. Students need science skills. 

 

School 3 teacher: Thinking Science is teaching science skills that have to come first and the 

content comes after that. 

 

School 3 teacher: The fact that its skills focussed and I think that’s what science should be 

… if they’ve got the skills they can do more for themselves and work things out for 

themselves. 

 

School 4 teacher: I think [these skills] are just more explicit [in Thinking Science] because 

it’s purely focussed on those sorts of skills [that] we are constantly, as teachers, trying to 

teach. 

School 5 teacher: Thinking Science provides alternative ways to present scientific skills with 

a focus on learning through challenge and discussion. 

 

Over the two years of professional development, most teachers continued to view the intervention 

as a skills program; a set of skills which they could teach to students. This view developed more 

strongly after teachers had experienced the first four lessons based on variables, relationships 

between variables, graphs and formulating hypotheses. They discovered that by using the pedagogy 

of the intervention, concepts such as these which they had attempted, often unsuccessfully, to teach 
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to students over the six years from Year 7 to Year 12 were now understood by most Year 7 

students. 

 
Hypotheses 

• The majority of teachers have no concept of cognitive development and its importance in 

teaching and learning in science. 

• The majority of teachers have no understanding of the development of cognition as the 

development of the ability to think in abstract and multivariate ways. Most regard thinking 

as a set of skills. 

• For most teachers, the purpose of the Thinking Science intervention was to teach what they 

viewed as science skills, i.e., fair testing, dependent and independent variables and their 

values. 

• Most teachers thought that the focus on skills was a helpful way for students to understand 

content more readily. 

 

Although the development of cognition was not mentioned specifically, some teachers 

acknowledged that Thinking Science also involved the development of thinking in science lessons: 

 

School 2 teacher: I would describe a Thinking Science lesson as out of the ordinary, with 

less content and more about the process of thinking. It is like what I thought should happen 

in a science lesson. It’s another way of learning how to do that type of teaching. 

 
School 3 teacher: Thinking is an integral part of the school’s teaching and learning 

framework. There was a lot of focus trying to promote these kinds of skills and trying to get 

the kids actually thinking about science … I think Thinking Science fits the teaching and 

learning framework very nicely. 

 

School 4 teacher: I think it’s influenced the way I present certain topics. I’ve realised a lot of 

them enjoy the mental challenge. Most enjoy the mental challenge. I’ve tried to incorporate 

it into my teaching … I now present things more from a thinking level. 

 
Hypotheses 

• Some teachers considered that Thinking Science was about the process of thinking when 

learning scientific concepts, and another way to teach science. 
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• Some teachers tried to use Thinking Science pedagogy in their classes and promote a 

challenge to student thinking by presenting a challenge to student thinking and providing 

opportunities to think about and discuss scientific concepts. 

 
Teachers were unsure about the nature of cognition and the development of thinking. Most 

described thinking as a set of skills which they could teach to students. In addition, they were 

unable to comment on, or discuss, the differences and similarities between formal operational 

thinking, critical thinking and higher order thinking, and they did not question the nature of the 

evidence on which these concepts were based: 

 

School 4, field notes, Jul 12, 2011: Teachers are unsure about the extent to which students 

need to think when they are learning a concept and are unable to discuss this using a 

scientific model of the development of thinking or cognition. 

 

School 5, field notes, Jun 6, 2013: Teachers are unable to differentiate between critical 

thinking, higher order thinking and formal operational thinking. They are unable to define 

each concept of thinking and have no theoretical model on which to draw. Teachers are 

unaware that the idea of higher order thinking, a term derived from Bloom’s Taxonomy 

(Krathwohl, 2002), is not based on evidence from research, although it is the term used most 

commonly to describe complex thinking in Schools 1–5. 

 

Hypotheses 

• Most teachers regarded thinking as a set of skills. 

• Teachers could not define terms related to thinking which were commonly used in schools, 

e.g., higher order thinking, critical thinking, concrete thinking. 

• Teachers had no theoretical model of cognitive development on which they could draw. 

• Teachers frequently used models of thinking which were not based on evidence, e.g., 

Bloom’s Taxonomy (Bloom et al., 1956). 

 

The majority of teachers did not understand the role of cognition, or the ability to think, in learning 

and nor did they understand that this could be developed to a higher level enabling students to think 

in abstract and multivariate ways. Although teachers were unable to discuss aspects of cognition, or 

thinking, and its development, they considered thinking important, as opposed to rote learning, in 

the process of understanding science. Thinking was generally understood as a set of skills which, 
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according to their understanding of the syllabus, were to be used particularly during practical work. 

They viewed Thinking Science as supporting the use of thinking: 

 

School 2 teacher: Because [Thinking Science lessons are] so spread out [thinking is] not 

spreading into their normal lessons very much. Normal lessons may be very different to 

what they are doing in Thinking Science. There is actually no relationship between what we 

are doing in Thinking Science and our normal lessons. Maybe I need to think where we do 

those particular lessons so the cognitive conflict matches with the information for learning 

in the topic. 

 

School 3 teacher: [The Thinking Science intervention] sees thinking as a basis for lessons 

rather than content dot points that have got to be covered. 

 

School 4 teacher: Often prac work, when the syllabus suggests thinking should take place, is 

rushed. Answers to experiments are given out before [the students have] even completed 

their experiment because the bell is going in ten minutes. [Students] look and think, “Is that 

what I was meant to do?” We have only so much time targeting [thinking skills]. 

 

School 4 teacher: A lot of science is imparting information or researching information and 

there’s not that sort of mental manipulation [such as the thinking encouraged in a Thinking 

Science lesson] that goes on. 

 

School 5 teacher: The more they are discussing the more they are thinking—I think there are 

some fantastic pieces of thinking going on [as a result of Thinking Science lessons]. And 

when they have started I can stop talking because I know thinking’s happening. I like that. 

Thinking happens in groups when they are teaching each other. They are learning far more 

than when I’m teaching them. 

 

 

Hypotheses 

•  Students expected to memorise or rote learn concepts in science. 

• According to teachers, a large proportion of teaching and learning in science is based on rote 

learning which generally requires memorisation rather than understanding. 
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• A large proportion of teachers experienced difficulty understanding the role of cognition in 

learning and that Thinking Science pedagogy is an approach to learning which is 

independent of the topic. 

• Some teachers did not understand that thinking, rather than just rote learning and 

transmission teaching, is an integral part of learning. 

• Teachers spoke of thinking as something desirable in science classes but did not link it to 

cognition and cognitive development. 

• Teachers were unable to explain why thinking was important or how to use it for learning in 

science. 

 

5.5.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim of this investigation was to deliver Thinking Science professional development over a 

period of two years, and support science teachers to become fluent in evidence-based pedagogy 

which has been shown to stimulate the development of student cognition and thinking abilities. 

This approach was new to teachers and, although they did not express doubts during the initial 

professional development sessions, frustrations arose as the professional development was 

implemented over the long term. 

 

At the outset, teachers were provided with an outline of the long-term professional development, 

and the evidence that supported both it and the pedagogy on which it was based. They were 

provided with 30 lesson plans and a manual of instructions on how to deliver these in the 

classroom. Initially, they were positive about the professional development because it related 

directly to classroom practice and provided them with practical skills which they could begin to 

learn and to implement straight away. 

 

Teachers were particularly interested in professional development which modelled how to 

implement new pedagogy in the classroom. For example, teachers in School 3 were annoyed and 

exasperated when they were told to implement metacognitive questioning in their classes, as part of 

the school’s teaching and learning framework, but had not been shown how to go about it (School 

3, field notes, May 24, 2011). Others expressed satisfaction with the modelling of new pedagogy 

during the Thinking Science professional development:  
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School 2 teacher: The lessons are very useful. They are highly structured and easy to 

follow. 

 

School 3 teacher: It was good because we were shown actually how these lessons 

were going to work and what we needed to do from the practical side as well. 

 

School 3 teacher: I think one of the problems with a lot of the professional 

development we receive is that there is rarely something you can take into a 

classroom and use. It might talk to you about a pedagogical idea or a way of doing 

things but [does not model] what it actually looks like in a classroom whereas this 

PD [models this] using a real classroom activity.  

 

School 3 teacher: It’s also nice to have a ready-made resource that works. I think 

they’re really valuable lessons. 

 

School 3 teacher: It was good because we were shown actually how these lessons 

were going to work, what we needed to do from the practical side as well … A lot of 

it is teachers going off and exploring how they’re going to do it themselves. Now we 

know, broadly speaking, what we’re aiming for. 

 

School 4 teacher: I’m more confident doing Thinking Science now after the PD than 

I was [when we implemented Thinking Science in 2009 after only one session of 

professional development] … When we tried to do it without you coming in and 

helping we used to have quite an opposite reaction—often [the students] didn’t enjoy 

Thinking Science. 

 

Hypotheses 

• Most teachers were unaware of the need for long-term professional development. 

• Teachers experienced difficulties attempting to implement Thinking Science 

pedagogy without any professional development. 

• Unlike most professional development they had experienced, this supported teachers 

with relevant, well-researched demonstrations of how the intervention would look in 

a classroom. 
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Most teachers, in this investigation, were generally unaware that it would take them time to master 

the new pedagogical skills in their classrooms. They did not expect or believe that mastery would 

take 30 hours, or two years, of teaching practice (Adey et al., 2004). 

 

School 3 teacher: [The idea that to become fluent in a new pedagogical skill takes 30 hours 

of teaching practice] I don’t know that that is necessarily true. Certainly the first time you do 

it isn’t the best time you do it. 

 

After four months of practice the same teacher commented on the length of time it had taken to 

master some pedagogical skills: 

 

It’s the hardest thing to get that group dynamic right—avoiding the situation where you’re 

having someone who’s too dominant in the discussion. 

And, 

I think the ability to jump on opportunities that arise even though they are not in your lesson 

plan is important. That’s something in my first year or two of teaching I just didn’t dare do. 

I think it’s probably the thing I’ve learnt most in the first couple of years. 

 

Teachers expected that they would be able to implement all the pedagogical skills that had been 

presented in a one-day professional development program with ease and without practice. The dean 

in School 3 observed the frustration of some teachers when they and their students were unable to 

achieve this in the first lesson after the initial professional development session: 

 

School 3 dean: I think when they did the first lesson there were really mixed responses from 

those who said it just didn’t work—the kids weren’t able to follow the instructions, take the 

roles or whatever it was. 

 

The assumption that teachers would be able to implement Thinking Science after one day of 

professional development was an expectation which also came from the heads of science: 

 

School 4 teacher: After that original day of PD [in 2009, the head of science] told me to do 

[Thinking Science]. I tried on my own for a year without much support or feedback. He has 
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now [after attending PD himself] implemented it in the department and says everyone needs 

to take part [in the professional development]. 

 

The time and effort required by teachers to learn new pedagogical skills was often not fully 

understood or acknowledged by both the senior school management and the head of science. 

Teachers were just expected to cope with both very little, or no professional development, and with 

additional change: 

 

School 2, field notes, Jun 6, 2011: Teachers described how, two years previously, they were 

expected to implement Thinking Science with no supporting professional development—

except copies of the 30 lessons. 

 

School 4, field notes, Mar 15, 2011: Teachers implemented Thinking Science in classrooms 

after only one day of professional development in 2009. Several teachers described some of 

the difficulties they encountered including a lack of response from students. 

 

School 4, field notes, Jun 7, 2012: The principal who was unaware of the implementation of 

the Thinking Science intervention in the science department, requested that science teachers 

provide an assessment of their teaching programs. 

 

School 5 teacher: [Thinking Science has] just not fitted in with all the things I’ve been trying 

to do … We’re doing a new program at the same time because we’ve changed text books so 

it has been really difficult to put it in … Stephen [the head of science] insisted that we 

change text books and the text book that we chose didn’t match the programs that we had … 

So I said that I’d write the programs to go with it ... It absolutely frustrated me … and so 

we’ve been struggling to find our feet a little bit … no one wants to do Thinking Science on 

top of all that. It’s a hassle. 

 

Hypotheses 

• The principal and the head of science in two schools demonstrated a lack of understanding 

of the demands on teachers’ time and effort during long-term professional development and 

expected teachers to take on other demanding projects at the same time. 
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• In two schools, the head of science expected teachers to implement the intervention after 

one day’s professional development, or after none at all. 

• Teachers had little understanding of the time it takes to develop new skills. They did not 

expect, or believe, that it would take them 30 hours, or two years, of classroom practice to 

master new pedagogy. 

 

Some teachers responded positively to the professional development and the high-quality teaching 

resources provided:  

 

School 3 teacher: [Thinking Science lessons are] a positive experience. There’s always a 

kind of practical element which is fun. It’s well-resourced in terms of the diagrams and the 

questions that [students] get. 

 

School 4 teacher: High quality materials that are ready to use and mostly quite fun [are 

provided]. The lessons are extremely well designed and sequenced and I feel they 

significantly increase the skill of the teacher. 

 

School 4 teacher: I love having pre-planned lessons in Thinking Science. I like asking the 

students to come up with everything. The lessons are very useful. They are highly structured 

and easy to follow. 

 

School 5 teacher: Having interesting lessons prescribed for me is easy and the program has 

been well resourced and tested. 

 

Hypotheses 

• Teachers found the professional development well-resourced with well-planned and tested 

examples of Thinking Science lessons. 

• Teachers were positive about the lessons, which most found to be well designed, resourced, 

and sequenced, easy to follow and useful. 
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5.5.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

Unless enrolled in a university course, teachers did not have access to research papers to check the 

validity and reliability of suggested interventions. This diminished the possibility of developing a 

culture of teaching and learning which acknowledged the importance of evidence: 

 

School 4 teacher: And a lot of teachers are happy to refine their content knowledge but not 

necessarily to talk about pedagogy or neuroscience and I think that’s because, as teachers, 

we don’t always have access to the research that’s going on. [At university] we’ve had 

access to journals and we’re now in a workplace where the journal articles you can get 

depend on the access you have within a school, or whether your school’s linked to a 

university. Having access to those journals, even if you can copy [them], takes time to go 

into, so I think that’s really reduced the standard of knowledge that teachers have. I think we 

sort of go backwards in that respect when we’re not always on top of current research. 

 

Because of the lack of exposure to research evidence, teachers assumed that, if an approach was 

demonstrated and appealed to them, the evidence on which it is based, or whether any existed at all, 

was generally not a consideration. For example, a reading of the teaching and learning framework 

of School 3 indicated that its structures and principles were drawn from “a number of state-based 

and internationally developed teaching and learning frameworks” and that “it incorporates 

Australian and international research into classroom practices in order to target the essential 

elements of student learning” such as Quality Teaching (Collins, 2017), Essential Learnings 

(Queensland Government, 2018), Productive Pedagogies and the New Basics (Queensland State 

Education, 2000), Understanding by Design (Wiggins & McTighe, 2005), Dimensions of Learning 

(Marzano, 1997) and Habits of Mind (Costa, 2013). 

 

There were no references to the authors, or to academic research papers which referred to, described 

or analysed the research. For example, the teaching and learning framework from School 3 

contained many teaching and learning strategies for teachers, many of which may have been 

effective, but there were no references to the academic research which could provide this evidence. 

For some, such as Habits of Mind (Costa, 2013), there was none—although in May 2013, a research 

assistant was “in the process of accumulating research abstracts about the effects of Habits of Mind 

(email correspondence from Art Costa, March 2013). In the document there were also references to 

Learning Styles (Coffield et al., 2004), Blooms Taxonomy (Krathwohl, 2002) and Six Thinking 
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Hats (De Bono, 2008), none of which is based on confirming evidence and peer-reviewed 

evaluations of research. This indicated an attitude from the senior school management that there 

was no need for curiosity about evidence which supported or refuted the effectiveness of what had 

been recommended for classroom use. In addition, senior school management and teachers 

indicated, by their actions, that they had no training, and therefore, no understanding of how to 

assess evidence or knowledge of the difference between a theory and a hypothesis. 

 

Hypotheses 

• Participating teachers worked in a culture of education that accepts interventions without 

reference to an evidence base of researched theory which accounts for its validity and 

reliability and provides evidence of evaluation. 

• Participating teachers did not have access to journals which publish peer-reviewed research 

related to student thinking and are unable to define or discuss evidence-based concepts 

related to cognition and thinking. 

 

5.5.3 Sub-category 3: Implementing effective professional development 

 

5.5.3.1 Property 1: The importance of professional development 

The teachers in each school agreed that professional development made an important contribution 

in maintaining their level of skill in the classroom. In this case, some teachers in all the schools 

were wary of the Thinking Science intervention because in no school had its aim and purpose been 

discussed by stakeholders such as senior school management, or members of the science 

department. Teachers had little to no idea of what would be involved in relation to time, lesson 

preparation and skill acquisition. In addition, there was no unity of purpose or collegiality between 

teachers, heads of science and senior school management. In all schools the head of science 

committed the teachers to the intervention over two years without consultation. For these reasons 

teachers were loath to commit fully to it. 

 

Hypotheses 

• In schools, there was a lack of communication and effective planning amongst stakeholders 

in relation to the introduction of the Thinking Science professional development. 
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• In each school, owing to the lack of unity of vision and communication about professional 

development teachers were unable to commit to the time and effort required when learning 

new pedagogical skills. 

 

5.5.3.2 Property 2: Developing new pedagogical skills over the long term 

The assumption and expectation of senior school management and the head of science that teachers 

could implement a complex intervention in their classes without the support of long-term 

professional development was observed, to some extent, in all schools: 

 

School 1, field notes, Jun 11, 2011: The head of science gave teachers copies of the lessons 

to implement without any support or professional development. Two years later when 

professional development was available, teachers were reluctant or unwilling to participate.  

 

School 4 teacher commenting on what had occurred when no professional development had 

been available: When we tried to do it without you coming in and helping we used to have 

quite an opposite reaction—often (the students) didn’t enjoy Thinking Science. Before we 

had Thinking Science professional development the teachers lacked confidence and felt 

negative about it, so students picked up this attitude. 

 

School 4 teacher: The [dean] was very interested at first when she learnt about it. She’s 

become much more supportive. 

 

Hypotheses 

• When science teachers were not adequately supported by senior school management or the 

head of science during the two years of professional development, they became reluctant to 

participate, lacked confidence and felt negative about the intervention. 

• Teachers became more interested in the intervention when support was available from senior 

school management. 

 

Some teachers commented on the time it took to understand the scientific ideas in Thinking Science 

lessons. They generally expected to be able to use the new pedagogical skills fluently in their 

classes after the first professional development session. They did not expect that acquiring the new 

skills would be challenging and take a great deal of effort, time, practice and energy: 
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School 3, field notes, May 24, 2011: Teachers say that they don’t like being out of their 

comfort zone and find it difficult to acknowledge that it takes time to acquire new skills. 

 

School 2 teacher: In class it takes time for me to know actually how I should deliver the 

lessons. I find after I have delivered it to the Year 7s and then the Year 8s—by the time I’ve 

given it the second time I’m a lot better at it. 

 

School 3 second Thinking Science PD—Day 2, Jul 28, 2011: Teachers had mixed reactions 

about the first two lessons. My overall impression was that, for most teachers, the skills 

required to deliver the lessons were very different from their usual practice and they felt 

aggravated by this, and the time it was taking to acquire the new pedagogical skills. 

 

School 3, field notes, Jul 5, 2011: Teachers complained at the meeting that they were having 

difficulty with aspects of the pedagogy such as social construction, metacognitive 

questioning and that they had not been able to learn how to implement these in the first few 

lessons. 

 

School 4 teacher: They have a teacher manual, as well as the lessons, which is quite detailed 

but it’s not always presented in a way that you can sort of pick up and run with it like we 

teachers like to do so I think you really do have to sit down and read it and make sure you 

understand it and make notes so I think from that perspective it can be quite time-

consuming. 

 

School 4 teacher: I was unsure of pacing. It was difficult to predict problems and it can be a 

real issue if you don’t try it out before the lesson. 

 

School 5 teacher: We have had one day [of professional development to acquire skills]. We 

need many hours of practice in the future. We need more individual time to absorb 

information. It was a good start.  

 

Hypotheses 

• Teachers improved with practice over time. 
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• Teachers became impatient with the time it took to acquire new pedagogical skills 

such as social construction, metacognitive questioning and pacing. 

• Teachers became impatient with the time and effort they had to put into 

understanding the delivery of Thinking Science and the concepts in the lessons. 

 

They did not expect that acquiring the new pedagogical skills would take a lot of effort and energy: 

School 2 teacher: I find that the Thinking Science lessons take a lot of energy, a lot more 

than I think I should be expending a lot of the time. You still have to use your energy to tell 

them [to ask other students in the group rather than the teacher] you know. 

 

School 4 teacher: I know that it took a lot of extra preparation time on my part when we first 

implemented it and even now because I’ve only taught Year 7 … I’ve only taught the first 

nine or ten Thinking Science lessons … I tend to put it off until I’ve got enough time to 

prepare for it properly.  

 

Hypotheses 

• Participating teachers discovered that acquiring new pedagogical skills such as social 

construction, group work, active listening and discussion, metacognitive questioning and 

bridging was time-consuming, challenging, and required additional effort, support, energy, 

time, and lesson preparation. 

• Teachers found it difficult to be out of their comfort zone when using new pedagogy. 

• Teachers often did not expect that they would have to practice new pedagogical skills but, 

rather, expected to be able to use them fluently in the classroom directly after the first 

professional development session. 

 

With practice, teachers began to observe that their skills were improving: 

 

School 2 teacher: I have two classes doing the lessons. We have done similar things in the 

lessons and I’m learning how to do things better and there is a vast improvement with my 

students. 

 

School 3 teacher: I found minor things with how you organise it but that [becomes easier] 

with doing it a few more times. 
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School 4 teacher: What helped me was when I realised that you don’t have to do it perfectly 

the first time—just give it a go. Do the best you can and you’ll improve it each time you do. 

 

School 5 teacher: Teachers generally wanted to see the effects of the Thinking Science … 

because it’s such a long-term program it means that not all teachers can see short-term gains 

and therefore they don’t value it as much. 

 

Hypothesis 

• Despite difficulties understanding the underlying concepts in some lessons, teachers who 

were able to persevere found that their new pedagogical skills developed and improved with 

practice. 

 
5.5.3.3 Property 3: Planning time for long-term professional development 

As previously described, teachers were not involved at any stage with the senior school 

management. During the first year, in some schools they were involved with the head of science 

discussing, during departmental meetings, how to deliver past and future Thinking Science lessons 

effectively. There was less discussion during the second year owing to a lack of unity of vision, 

effective collegiality, and active support amongst all stakeholders. At no stage was the need for 

planning time or long-term professional development acknowledged during departmental 

discussions. None of the teachers directly involved in delivering the new pedagogical skills had 

participated in the initial discussions and decision to implement the Thinking Science intervention. 

 

Hypothesis 

• Without unity of vision, active support amongst all stakeholders and effective collegiality, 

planning for long-term professional development was difficult to organise and maintain. 

 

5.5.3.4 Property 4: Developing effective collegiality 

The development of effective collegiality during the implementation of an intervention, such as 

Thinking Science, involves the development of trust including the resolution of political issues 

amongst those involved, an acceptance of the process and a willingness to support all members of 

the school community as they acquire new skills. As previously outlined, effective collegiality was 

not generally acknowledged as a necessary ingredient of professional development or of working in 

a science department. It was, therefore, not formally or intentionally developed in any of the 
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schools. Data from teachers indicated that when effective collegiality was not well developed, it 

was more difficult to support one another when acquiring new skills: 

 

School 2 teacher: We haven’t had a lot of support from the lab assistant and this makes it 

very hard. As the year goes on it becomes overwhelming … It’s basically Evelyn and me. 

And I’ve got five classes already, and a tutor group and all the extra-curricular stuff. 

 

She was asked how, considering the lack of collegial support, she now regarded Thinking Science. 

She said: 

 

School 2 teacher: The program is fantastic and I’d give it 10/10. But it’s not just the 

program—it’s the program and the department and the teacher. In that way I think we are 

only 3/10. 

At the beginning of the intervention effective collegiality began to develop in School 3 but was not 

sustained: 

 

School 3 teacher: We do talk about and discuss the Thinking Science lessons … There’s lots 

of informal discussions. We’ve kind of done that automatically. It’s been really good. We’ve 

evaluated lessons for people who haven’t done it yet with advice about how to make it run a 

bit smoother and this has helped as well. 

 

In Schools 2 and 4 collegiality became ‘Balkanised’ and was limited to those teachers who initially 

wanted to introduce the innovation into the science department. 

 

School 2 teacher: Judy and I work together on it. It’s good to have a buddy. 

 

School 4 teacher: Two or three of us have helped each other out in Thinking Science classes. 

That’s probably one of the most valuable things ... that’s worked really well ... I’d say out of 

eight or ten in the department maybe two or three (worked together in this way). 

 

The ‘comfortable collegiality’ which was strongly developed in School 5 has been discussed 

previously in relation to the head of science. ‘Balkanisation’ and ‘comfortable collegiality’ assisted 
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individual teachers involved, however, they eventually became overwhelmed by the lack of interest 

and involvement of other members of the science department. 

 

Hypotheses 

• Without the support that comes with the development of effective collegiality in the 

department, teachers become overwhelmed and find it very difficult to develop new 

pedagogical skills. 

• Some teachers report some positive results for a time, such as effective social construction 

and group work with the support of versions of collegiality, such as ‘Balkanisation’ and 

‘comfortable collegiality’. 

• The necessity for effective collegiality between teachers in a science department, 

particularly when introducing new pedagogical skills, was not acknowledged in any of the 

school or discussed as an issue at any time. 

 

Extra: School 3 teacher: [The dean] was obviously aware of this as something we were 

involved in as a department. She was impressed to see how much it was impacting on what 

was going on in the classroom—impacting the boys’ experience of science as well. 

 

5.5.3.5 Property 5: Including classroom coaching as part of professional development 

Two sessions of classroom coaching per teacher were part of the long-term professional 

development program in each school. These sessions were offered to all teachers in each science 

department. None of the teachers in any of the five schools had experienced classroom coaching 

during previous professional development or had heard of it and nor did they view it as essential for 

effective professional development. Initially, teachers preferred to observe a demonstration of the 

new pedagogy by the coach, rather than using the coaching session as an opportunity to be observed 

as they practiced the new pedagogy themselves. Some teachers expressed a lack of confidence 

about being observed and a concern that their teaching practice may be criticised. As one teacher 

explained: 

 
School 4 teacher: Some teachers are not happy to have anyone come into the classroom 

including an outsider … They would say that we don’t need or we don’t want any outside 

help. We don’t want her to come in. We don’t want her to see what we are doing. It’s the 

insecurity that they’re doing something wrong. 
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To increase teacher confidence, lessons which involved classroom coaching were designed around 

team teaching. Another teacher who had experienced mentoring and peer observation in the United 

Kingdom acknowledged the benefits of some form of classroom coaching and welcomed the 

support: 

 

School 3 teacher: [Classroom coaching] has triggered some of the most valuable learning 

I’ve had as a teacher as back in the UK when we had a series of peer observations … that 

was just really, really valuable. Something like that with Thinking Science lessons would be 

helpful to get another person’s feedback on how they think you could deliver it ... if we 

could do that through this program, that would be great. I know that just from the written 

account of the lesson you gave me last year. It was just really helpful. I’ve been over here 

[in Australia] for nearly two years now and that’s the only observation I’ve had. 

 

Hypotheses 

• Most teachers were reluctant to participate in classroom coaching because they were 

unfamiliar with the concept, unfamiliar with it as a part of professional development and/or 

because they were fearful of criticism. 

• One teacher who had experienced classroom coaching emphasised how valuable it was for 

teachers whilst learning to implement new pedagogy such as Thinking Science. 

 

In most schools, the majority of teachers who participated in both sessions of classroom coaching 

were those who participated in the case studies. Classroom coaching was a requirement of 

participation in a case study. As time went on, all teachers were less inclined to participate in the 

intervention and their willingness to participate in classroom coaching declined. 

 

Table 5.12 presents a summary of the number of teachers in each school who participated in the 

sessions of classroom coaching. The first column shows the number of each school, the second 

column shows the number of teachers in each school who participated in the first session of 

classroom coaching and the last column, those who participated in the second session. 
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Table 5.12 

Participation in classroom coaching by teachers 

School Teachers 
First 

Teachers 
Second 

2 3/5 2/5 

3 2/11 3/11 

4 7/8 2/8 

5 6/6 5/6 

 

 

In School 2, I completed classroom coaching with the head of science and with the two teachers 

who had initiated the intervention. The other two teachers remained uninvolved. In School 3, I 

completed classroom coaching only with the two teachers who were the subjects of case studies, 

and later with two teachers new to the school, but received no other requests from the staff or the 

head of science. In School 4, I completed classroom coaching once with all the teachers except the 

head of science. I completed this twice with the teachers who were the subjects of the case studies. 

In School 5, I completed classroom coaching once with all the staff. In the second session one 

teacher dropped out. 

 

The Table 5.12 indicates that, in the first session 67 per cent of teachers in Schools 2, 3 and 4 

participated in classroom coaching. In the second session this dropped to 40 per cent. 

 

Hypotheses 

• Teachers were reluctant to participate in classroom coaching. 

• Due to the lack of unity of vision, planning and communication (as previously mentioned) 

rates of participation in classroom coaching over the two years fell from 60 per cent to 40 

per cent. 

 

The teachers who participated in classroom coaching were positive about the support they received: 

 

School 2 teacher: The lesson you did was most helpful. It was effective to see how someone 

models it. I liked the support and the feedback from the support. 

 

School 4 teacher: As I mentioned, even though I knew I had to stick to the scripted times, 

not give answers or judge students’ answers as right or wrong, I would find myself in that 
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situation and I was not sure how to get out of it … I picked up some great tips on the actual 

wording of my responses and it brought home the realisation that all groups did not have to 

reach the correct answer before I moved on. 

 

School 5 teacher: We’ll wait and see [if it changes teaching and learning] the tendency will 

be to keep doing things the same so, if you can walk along with us on this journey it would 

result in great effectiveness. 

 

One teacher described how her skills improved as a result of classroom coaching:  

 

School 4 teacher: I conducted the same Thinking Science lesson with my second Year 7 

class this week and I felt it was so much better as a result of having watched you. When I 

compare what I learnt by watching you take the lesson, as compared with simply reading 

about the pedagogy, the former was definitely of greater advantage. 

 

The most difficult aspect of classroom coaching was finding time for feedback. It was often not 

possible to speak to the teacher during the class and once the lesson was over the teacher was 

usually hurrying to the next class. Emails were frequently used for feedback but this was a one-way 

communication and did not result in any discussion with teachers. 

 

Hypotheses 

• Teachers who participated in classroom coaching found the feedback and the modelling of 

lessons supportive, picked up ‘tips’ related to the new pedagogical skills and observed their 

own skills improving. 

• Teachers considered that the support from classroom coaching helped to change pedagogical 

practice in the school, and prevented a return to doing what has always been done. 

 

5.5.3.6 Considering the sustainability of the intervention 

In three schools, teachers suggested including Thinking Science lessons in appropriate places in the 

science programs, e.g., including the classification material from Thinking Science in the Year 7 

classification program. They found it difficult to find space and time to include 30 additional 

lessons into their mandatory science syllabus. In two schools Thinking Science lessons were 

programmed into the regular science programs. 
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In each school, teachers observed that the 200 hours allocated for science teaching was frequently 

eroded by other school activities, such as excursions, for example. 

 

Hypotheses 

• Teachers found it difficult to fit in all the Teaching Science lessons each year when most 

experience difficulty completing the mandatory syllabus in the time available.  

• Teachers did not consider the sustainability of Thinking Science in the school. 

 

5.5.3.7 Evaluating changes in student thinking 

Teachers were used to assessing student understanding but were not used to carrying out 

evaluations of pedagogy or the teaching and learning frameworks used by most schools. For 

example, no evaluation of the results from the use of teaching and learning frameworks was carried 

out in any of the schools over the two years of the intervention. 

 

In spite of the very low level of use of the Thinking Science intervention in each school over the two 

years, some teachers expressed disappointment at the effect size attained by students in the SRT 

evaluations of student thinking. Teachers expressed no awareness of the effects that a lack of unity 

of vision, effective collegiality and classroom coaching would have on the development of their 

pedagogical skills. In addition, they had no awareness, based on research, of the factors that will 

most likely result in effective professional development. 

 

Hypotheses 

• Teachers took little part in the decision to introduce particular professional development into 

a school. 

• Teachers were not trained to evaluate pedagogy introduced into the school. 

• Teachers did not relate low level of use to low effect sizes. 

• Teachers did not understand the evidence-based characteristics of effective professional 

development and the positive effect that they can have on pedagogy. 

 

5.6 Conclusions 

The conclusions are written in Chapter 6 as the Emergent Theory: Research Question1. 
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Chapter Six 

Emergent Theory: Research Question 1 

 
In this chapter, evidence based on hypotheses generated as a result of analysis of data in Chapter 5 

is considered and an emergent theory is developed under the heading ‘Solutions and Suggestions’. 

 
6.1 Research Question 1 

 

In what ways did senior school management, heads of science and science teachers respond 

to the introduction and implementation of professional development in general, and 

Thinking Science professional development in particular, in their schools? 

 

The core category related to Research Question 1 was identified as:  

Introducing and implementing effective professional development in schools 

 

The core category was further divided into the following three sub-categories and their properties, 

which were used to describe and analyse the responses of principals, deans of teaching and learning, 

heads of science and science teachers. 

 

Sub-category 1: Developing unity of vision and ownership of Thinking Science professional 

development in the school 

Property 1: Participating in the initial meeting and decision-making 

Property 2: Understanding the purpose of Thinking Science 

Property 3: Understanding the aim of Thinking Science professional development 

 

Sub-category 2: Acknowledging the importance of evidence-based practice 

 

Sub-category 3: Implementing effective professional development 

Property 1: The importance of professional development 

Property 2: Developing new pedagogical skills over the long term 

Property 3: Planning time for long-term professional development 

Property 4: Developing effective collegiality 

Property 5: Including classroom coaching as part of professional development 
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Property 6: Considering the sustainability of the intervention 

Property 7: Evaluating change in student thinking 

 

Chapter 6 is divided into four sections: 6.2 to 6.5, which describe the emergent theory linked to the 

responses of principals, deans of teaching and learning, heads of science and teachers recorded in 

Chapter 5. 

 

6.2 Emergent theory from the responses of principals 

Responses to questions were obtained from principals in Schools 1, 2, 3, and 4 and classified during 

data analysis into the following sub-categories and their properties. 

 

6.2.1 Sub-category 1: Developing unity of vision and ownership of Thinking Science 

professional development within a school 

Principals did not view themselves as leaders of learning in the school or that it was necessary for 

them to be involved at any level with teaching and learning in the science department. They were 

unaware that their central position in the school hierarchy provided them with the ability and the 

responsibility to promote unity of vision and a feeling of ownership amongst all stakeholders when 

any professional development was introduced into the school. 

 

Solutions and suggestions 

Principals are made aware of their role as leaders of learning in a school, including the need for 

their active involvement in developing unity of vision and ownership of professional development 

within senior school management and the science department. 

 

6.2.1.1 Property 1: Participating in the initial meeting and decision-making 

Principals demonstrated a lack of involvement in the decision to implement Thinking Science 

professional development in the science department. It was difficult for the researcher to contact 

and speak with principals directly about the implementation of the intervention or the need for an 

initial meeting. Some were unaware that this investigation and intervention were taking place. 

 

Only one principal acknowledged the receipt of information from the researcher about the 

intervention and professional development. In response, the date for the first professional 

development day was received from the heads of science. There was no response to the request for 

an initial meeting with the principal, dean of curriculum and head of science. After authorising 



211 
 

professional development to proceed, principals considered no further involvement was necessary—

such as attending the initial meeting with the researcher, becoming actively involved in decision-

making or any other aspect of the implementation of the Thinking Science intervention and 

professional development. In each school, the entire process of professional development was 

delegated to the head of science. 

 

Principals were not aware of their need to be actively involved in decisions about teaching and 

learning in the school in order to provide the best opportunity for successful professional 

development to occur. Although principals were aware of the importance of professional 

development for teachers, they lacked an understanding of the factors most likely to result in 

effective professional development, such as the active involvement of senior school management in 

decision-making and planning, assurance that professional development is evidence-based, long-

term and supported by classroom coaching, the development of effective collegiality between all 

stakeholders. 

 

Solutions and suggestions 

Principals are made aware of evidence: 

• which strongly suggests that their active involvement in decisions related to teaching and 

learning in the school is necessary; 

• active involvement in decisions to implement an intervention, including the professional 

development, is central to its success; 

• the factors most likely to result in effective professional development (see above); and 

• their need for involvement and communication with all stakeholders participating in an 

intervention and its professional development. 

 

Principals need to be aware that heads of science cannot implement an intervention and organise 

professional development for their department on their own, without the support of the principal 

and other stakeholders. 

 

6.2.1.2 Property 2: Understanding the purpose of Thinking Science 

The purpose of the Thinking Science intervention was to stimulate the development of student 

cognition so that as many students as possible would be able to think at the level of formal 

operational thinking and, thus, develop the ability to understand the many multivariate, abstract 
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concepts in science and to engage in the learning of scientific concepts and skills at a greater depth 

than is possible through rote learning and transmission teaching. 

 

Because they did not read the information sent to them about the Thinking Science intervention and 

its accompanying professional development, principals were unable to relate the purpose of 

Thinking Science to the stimulation of cognition and demonstrated a lack of knowledge and 

understanding of the intervention and of the research on which it was based. 

 

Thinking was an umbrella term which was undefined in schools. Cognition and cognitive 

development were not commonly used terms. Principals were unable to express clearly what the 

development of student thinking or cognition involved, or how it was related to the purpose of the 

Thinking Science intervention. 

 

Solutions and suggestions 

Principals ensure that, as leaders in learning, they understand the purpose of professional 

development which is to be considered in the science department. 

 

To be effective in the context of this intervention, principals need to be able to express clearly what 

the development of student thinking or cognition involves and how it is related to the purpose of 

Thinking Science and learning in general. 

 

6.2.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim of this investigation was to deliver Thinking Science professional development with 

fidelity over a period of two years, and support science teachers to become fluent in evidence-based 

pedagogy which has been shown to stimulate the development of student cognition and thinking 

abilities.  

 

Principals knew very little about the aim of Thinking Science professional development. One 

thought it was about assisting students with deeper thinking and another was unaware that it was 

taking place.  
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Solutions and suggestions 

Principals ensure that, as leaders in learning, they understand the aim of professional development 

which is to be considered in a science department. 

 

6.2.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

In this investigation ‘evidence-based’ refers to practice which is derived from peer-reviewed 

research. The principals from Schools 1, 2, 3, and 5 all considered that schools have a responsibility 

to provide quality professional development for teachers but were not aware of the need to support 

practice based on evidence.  

 

Each school worked with a teaching and learning framework. This was acknowledged by half the 

principals and provided the focus for whole school professional development. Of these, one was 

based on evidence, another partially so and one had no evidence base. For one principal, the notion 

of evidence-based practice was a new idea. 

 

Solutions and suggestions 

Principals are made aware of the nature of evidence, how to assess it and why it is important so they 

can discriminate between evidence-based learning and marketed promotions which are not 

supported by evidence in the form of peer-reviewed research. 

 

6.2.3 Sub-category 3: Implementing effective professional development 

There is evidence that particular approaches to professional development are more likely to result in 

effective outcomes in schools. 

 

6.2.3.1 Property 1: The importance of professional development  

All principals considered that the professional development of teachers was important as it was 

motivating and enabled professional growth by providing reflection on practice, building 

pedagogical skills, developing engagement with students and fostering personal interests and up-to-

date subject information. 

 

Solutions and suggestions 

Principals understood the importance of professional development for individual teachers. An 

understanding of the importance of their contribution to unity of vision and ownership in relation to 

professional development would enhance this understanding in practice. 
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6.2.3.2 Property 2: Developing new pedagogical skills over the long term 

Two of the four principals understood the need for long-term professional development for teachers 

to embed new skills into the pedagogical practice of teachers but their understanding of the need for 

long-term, as opposed to short-term professional development, was based on personal opinion 

rather than on evidence. 

 

Solutions and suggestions 

Principals need to understand evidence related to the need for long-term professional development 

when teachers are acquiring new pedagogical skills. 

 

6.2.3.3 Property 3: Planning time for long-term professional development 

Principals did not understand that, for long-term professional development, time is required for both 

the initial professional development days, and regular times for meetings to reflect on past and 

future lessons—and to make plans for these. Making this time available was an issue for all schools. 

 

Solutions and suggestions 

Principals need to understand that time may be required for long-term professional development—

for professional development days, for regular meetings to reflect on past lessons and to prepare for 

future lessons and for the planning of these events. 

 

6.2.3.4 Property 4: Developing effective collegiality 

To some extent, each principal considered that collegiality was essential if teachers and their 

students were to benefit from professional development. Most expected teachers to have collegial 

conversations but did not contribute to the development of the necessary trust, respect and political 

environment to enable these conversations to take place between those involved. One principal 

acknowledged the isolation in which teachers generally worked and the need for friendly, trusting 

and supportive professional interactions with their colleagues about professional development and 

other classroom challenges that may arise. 

 

Although the principals were aware that collegial discussion, mutual support and reflection were 

necessary if teachers were to become fluent in new pedagogical skills, there was no evidence that 

any of them were actively promoting its development within the science department, or 

acknowledging and promoting the need for collegial discussion between the senior school 
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management and members of the department over the two years of the Thinking Science 

intervention. 

 

Solutions and suggestions 

Principals require training in evidence related to the development of effective collegiality—to 

become aware of its characteristics, the difficulties in developing and maintaining it, why it is 

necessary and how to develop it within a science department, and between the science department 

and senior school management. 

 

Principals require training in the development of effective collegiality within departments and 

between them and senior school management. 

 

6.2.3.5 Property 5: Including classroom coaching as part of professional development 

Classroom coaching was one aspect of Thinking Science professional development that was not 

well understood by principals in any of the schools. Although the need for classroom coaching has 

been strongly supported by evidence for some time (Adey et al., 2004; Showers and Joyce, 1996) its 

function, how to go about developing it and ways to deliver it effectively were not understood by 

principals. They did not view it as a necessary part of effective long-term professional development. 

 

Solutions and suggestions 

Principals require training to become aware of the need for classroom coaching and its function as a 

necessary part of effective long-term professional development. 

 

Principals need to learn how classroom coaching can be delivered effectively. 

 

6.2.3.6 Property 6: Considering the sustainability of the intervention 

The sustainability of the intervention was a significant issue in each school. Because of the demands 

on time within each school, and the lack of any unity of vision which could lead to support of the 

science department by principals, the need for sustainability was not addressed. 

 

Each principal assumed that circumstances existed which, they claimed, would sustain the 

pedagogical skills of the intervention as teachers came and went. Such beliefs included the lack of 

staff change in independent schools, the energising of the intervention by a head of science, 
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teachers acknowledging its value, collegiality and discussion about practice within the science 

department—none of which was based on evidence. 

 

Solutions and suggestions 

Principals require training about the need for sustainability of professional development within a 

school as teachers come and go, and ways to go about it which are based on evidence. 

 

6.2.3.7 Property 7: Evaluating change in student thinking 

Principals were unaware of the need to evaluate professional development by observing, or 

measuring, its effects on targeted student outcomes. One principal expressed the view that the 

effects of professional development could not be measured. There was no suggestion from any of 

the principals that it was necessary to evaluate the acquisition of new pedagogical skills by teachers 

and the effect of these on student outcomes as a result of the Thinking Science intervention. None of 

the principals requested the results of SRTs in consecutive Years 7 and 8. 

 

Solutions and suggestions 

Principals require training about the need to evaluate the effects of professional development and 

how to go about an evaluation of targeted student outcomes—in this case a significant change in the 

level of student cognition. 

 
6.3 Emergent Theory from responses of deans of teaching and learning 
 
6.3.1 Sub-category 1: Developing unity of vision and ownership of Thinking Science 

professional development in the school 

If unity of vision is present amongst stakeholders when professional development is introduced into 

a school, evidence suggests that it is more likely to be successful (Adey et al., 2004). 

 
6.3.1.1 Property 1: Participating in the initial meeting and decision-making 

Most deans were unaware of the need for unity of vision amongst stakeholders. They did not read 

information about the intervention and the professional development, nor did they participate in the 

initial meeting. Although research strongly suggests that the active involvement of all members of 

the senior school management is essential if an intervention and its professional development are to 

be successful in a department, most deans were not actively involved. All active involvement was 

delegated to the head of science. 
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Solutions and suggestions 

Deans of teaching and learning require training about the need for unity of vision amongst stake-

holders when introducing professional development into a school. They also need to know how to 

develop this within a school community. 

 

6.3.1.2 Property 2: Understanding the purpose of Thinking Science 

Only one dean was aware that the purpose of Thinking Science was to raise the level of student 

cognition. She could understand the implications of this for teaching, learning and thinking in 

science. Most deans were not aware of cognitive development, its link with teaching and learning or 

with its link to the purpose of Thinking Science although this was clearly stated in the information 

sent to each school (see Appendix A). 

 

Solutions and suggestions 

Deans require training about the nature of thinking/cognition and the links between cognitive 

development, thinking and teaching and learning. 

 

6.3.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim of this investigation was to deliver Thinking Science professional development over a 

period of two years, and support science teachers to become fluent in evidence-based pedagogy 

which has been shown to stimulate the development of student cognition and thinking abilities. 

 

Like principals, deans were unable to describe the aim of Thinking Science professional 

development which was: to support teachers over two years of professional development, delivered 

with fidelity to the research, as they become fluent in evidence-based pedagogy which has been 

shown to stimulate the development of student cognition.  

 

Most deans were aware that Thinking Science professional development was taking place in the 

school but were not actively involved in its implementation in any way and could not state its aim. 

 

Solutions and suggestions 

Deans of teaching and learning are aware of the need to understand the aim of professional 

development, and the need for their active involvement in the implementation of professional 

development so that they can support, in this case, heads of science and teachers. 
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6.3.2 Sub-category 2: Acknowledging evidence-based pedagogy 

Although most deans acknowledged that it was important that teaching practice and professional 

development were evidence-based, this was not supported in practice. At no stage did a dean 

request access to evidence which supported the Thinking Science intervention and professional 

development. This was demonstrated by a lack of awareness of the need to evaluate the 

effectiveness of the teaching and learning frameworks which they were using in their schools and of 

the need to use evidence-based professional development. 

 

Solutions and suggestions 

Deans require training about the nature of evidence and how to evaluate programs related to 

professional development, such as teaching and learning frameworks including the development of 

student cognition and thinking. 

 

6.3.3 Sub-category 3: Implementing effective professional development 

 

6.3.3.1 Property 1: The importance of professional development 

Generally, at the outset, deans did not understand the need for long-term professional development 

if new pedagogical skills were to become embedded in teacher practice, and they were unaware of 

evidence which supported this. 

 

Solutions and suggestions 

Deans require training about the need for long-term professional development and how to assess the 

evidence which supports it. 

 

6.3.3.2 Property 2: Developing new pedagogical skills over the long term 

All skills develop with practice over time. Deans were unaware of evidence related to the 

development of pedagogical skills such as the need for long-term professional development which 

includes approaches which help teachers to develop skills and embed them into their practice. 

Deans need to be aware of this evidence and its implications and communicate it to teachers. 

 

Solutions and suggestions 

Deans learn evidence-based approaches to professional development which they can pass on to 

science teachers, e.g., that pedagogical skills, like all skills, take time to develop and to implement 

fluently and that teachers are aware of the time that will be required for this to occur. 
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6.3.3.3 Property 3: Planning time for long-term professional development 

Deans were unaware that planning time and meetings are required for long-term professional 

development—to try out and discuss new lessons, to review those completed, and to provide and 

maintain a line of communication between the science department and the principal. A need for 

communication between the dean and the science department is also required so that aspects of 

long-term professional development are not cancelled because of competing demands for time 

within the school. 

 

Solutions and suggestions 

Deans are made aware of the need to plan the relevant meetings over the course of professional 

development. Deans need to be aware that their role is to oversee a line of communication between 

the science department and the principal so that aspects of professional development can continue 

without interference from other competing demands for time and personnel within the school. 

 

6.3.3.4 Property 4: Developing effective collegiality 

Although most deans encouraged discussion at faculty meetings, they were not aware of what was 

required to develop the supportive culture of communication and trust—without ideological 

faction—necessary for effective collegiality in science departments. One of the most difficult 

aspects of developing effective collegiality is the existence of competing views related to student 

and teaching and learning. Often ‘comfortable collegiality’ exists in which members of the 

department exchange resources and have friendly morning teas but more difficult issues related to 

teaching and learning are not discussed. ‘Balkanised collegiality’ is also observed when several 

like-minded teachers work together. 

 

Solutions and suggestions 

Deans require training to understand the characteristics of effective collegiality, how to develop it 

through open communication, and why it is necessary for effective professional development, 

teaching and learning. 

 

Deans particularly require the skills to reconcile competing views about pedagogy and professional 

development within the science department and senior school management in to develop effective 

collegiality. 
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6.3.3.5 Property 5: Including classroom coaching as part of professional development 

Deans had no knowledge or experience of classroom coaching, or of why it was essential for 

effective professional development (Showers & Joyce, 1988). Permission was given to proceed with 

classroom coaching because it did not impinge on other activities in the school, and not because of 

evidence which supported it as a necessity for the successful acquisition of new pedagogical skills. 

No support or time was provided for teacher discussion after sessions of classroom coaching or for 

an evaluation of its effectiveness. 

 

Solutions and suggestions 

Deans require an understanding of evidence which demonstrates the necessity of classroom 

coaching as part of effective long-term professional development and how to support it during long 

term professional development. 

 

6.3.3.6 Property 6: Considering the sustainability of an intervention 

Most deans were aware of the need to sustain new and effective pedagogy in the school but did not 

support this in practice. For example, there was no policy which described how new and effective 

pedagogical skills would be sustained as teachers came and went. 

 

Solutions and suggestions 

Providing a policy and methods to sustain new and effective pedagogical skills in the science 

department as teachers come and go, needs to be considered as part of a dean’s role. 

 
6.3.3.7 Property 7: Evaluating changes in student outcomes 
 
Evaluation of student thinking, as a result of Thinking Science professional development and 

classroom intervention, was carried out using SRTs. Deans expressed no interest in these results or 

in the degree of success or failure of the intervention. 

 

Solutions and suggestions 

Deans require awareness of the necessity for evaluation of any professional development or 

intervention in a school by observing its effect on student outcomes. 

 
6.4 The responses of heads of science 

While principals and deans authorised professional development, heads of science were responsible 

for its implementation.  
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6.4.1 Sub-category 1: Developing unity of vision and ownership of the professional 

development and intervention 

Although principals and deans were informed about the introduction of the intervention, there was 

very little discussion or collaboration with heads of science. With minimal or no comment, the 

implementation of the intervention was delegated to them. Thus, unity of vision and ownership had 

little chance to develop in any of the schools. 

 

Solutions and suggestions 

Senior school management and heads of science are made aware of the importance of unity of 

vision and ownership to the success of any intervention and its accompanying professional 

development. 

 

6.4.1.1 Property 1: Participation in an initial meeting 

None of the schools conducted a meeting of all stakeholders from the school staff. Three of the five 

heads of science attended an initial meeting with the researcher but there was very little to no 

discussion about the intervention with members of the senior school management who were, for the 

most part, absent from the initial meeting. In schools in which heads of science were consulted, the 

initial support for the intervention was greater. In schools where there was minimal to no 

consultation, support was also minimal. 

 

Solutions and suggestions 

Heads of science are made aware of the important function of an initial meeting with stakeholders 

to discuss and make decisions about the possible implementation of professional development and 

interventions so that all stakeholders are involved in such major decisions and are aware of the 

resources required, including time. 

 

A procedure is required which outlines the role of the head of science in the decision to implement 

an intervention. 

 

6.4.1.2 Property 2: Understanding the purpose of Thinking Science 

The purpose of Thinking Science is to stimulate the development of cognition so that the thinking of 

as many students as possible develops to the level of formal operational thinking. Most were unable 
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to relate it to the development of student cognition and its significance for teaching and learning in 

science. 

 

Most heads of science had heard of thinking skills and considered Thinking Science to be a skills 

program. None had any understanding of the development of cognition or its implications for 

teaching and learning in science classes. They thought that students would focus on thinking skills. 

They viewed students as becoming more skillful at experimental design—the identification of 

variables, interpreting graphs and designing fair tests. 

 

Solutions and suggestions 

Heads of science learn about the nature of thinking and cognition in more depth, and are provided 

with evidence about the relationship between cognitive development and the ability to understand 

scientific concepts and the implications for effective teaching and learning in science. 

 

6.4.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim was to deliver Thinking Science professional development over a period of two years, and 

support science teachers to become fluent in evidence-based pedagogy which has been shown to 

stimulate the development of student cognition and thinking abilities. 

 

Heads of science had no experience of evidence-based pedagogy or of long-term, evidence-based 

professional development. One head of science had introduced Thinking Science with no support 

through professional development. Without any assistance from within the school, another 

struggled to support two of the five teachers who were attempting to implement the intervention. 

There was little support extended to teachers from heads of science in two other schools. At no time 

were any of the heads of science able to describe the evidence-based rationale which supported the 

long-term Thinking Science professional development. All spoke about ‘thinking skills’. 

 

Solutions and suggestions 

Teachers require access to information about the evidence-based, long-term professional 

development, the support required for themselves and teachers and why this is important. 

 

Teachers require information, about the development of cognition which goes deeper than the 

undefined concept of ‘thinking skills.’ 
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6.4.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

Within each science department, the head of science did not mention the use of evidence-based 

theory and evaluations of the intervention and its professional development at any time. There was 

no mention of, nor curiosity about, any evidence or its quality when deciding to implement the 

Thinking Science intervention. 

 

Although schools are encouraged to use evidence-based practice, in this study they were unaware of 

the evidence which supported particular aspects of professional development such as effective 

collegiality, classroom coaching and long-term professional development. Although they were keen 

to promote thinking in classes, and its importance was emphasised in the syllabus, they had had no 

evidence-based knowledge of the subject or evidence-based professional development to support it. 

  

Unless heads of science were enrolled in tertiary study, they had no access to research journals 

which contained information about evidence-based practice. This resulted in a vulnerability to ideas 

which have no evidence base, such as those observed in marketing to schools. 

 

Solutions and suggestions 

Heads of science learn about the nature of evidence, how to assess its quality and how to go about 

this in relation to proposed interventions and professional development in the school. 

 

Negotiations are commenced so that teachers have access to journals which publish well-designed 

educational research. 

 

6.4.3 Sub-category 3: Implementing effective professional development 

 

6.4.3.1 Property 1: The importance of professional development 

The heads of science didn’t think that professional development was always important. For 

example, the head of science in School 1 had expected teachers to acquire the skills to use Thinking 

Science pedagogy with no professional development. The head of science in School 4 considered 

that, in the case of Thinking Science, no professional development was required. He was unable to 

provide reasons or evidence. Others considered professional development important to keep 

teachers up-to-date with Board of Studies requirements, personal interests, the need to learn new 

methods and approaches to student engagement.  
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Solutions and suggestions 

Heads of science are made aware of the importance of professional development, the time required 

to learn any new skill and the type of the support required during this process. 

 

6.4.3.2 Property 2: Developing new pedagogical skills over the long term 

Any skill, including pedagogical skills, can be developed only over the long term (Adey et al., 

2004). Most heads of science were unable to negotiate the time required to develop the skills to 

teach Thinking Science, or to deliver professional development with fidelity to the research. 

Because of the lack of communication between heads of science and members of the senior school 

management, and the lack of mutual awareness of what was required for effective professional 

development, heads of science experienced difficulty obtaining the time required for teachers, 

including themselves, to develop the new pedagogical skills required by the Thinking Science 

intervention over the long term 

 

Solutions and suggestions 

Senior school management and heads of science are taught why long-term professional 

development is required when developing new skills, i.e., it takes time to develop any skill fluently 

and that this includes new pedagogical skills. 

 

6.4.3.3 Property 3: Planning time for long-term professional development 

Heads of science were generally unaware of the need for long-term planning for professional 

development. None of the schools provided heads of science with a process which could be 

followed to access planning time over the two years of professional development. 

 

Solutions and suggestions 

Heads of science are made aware of the need for planning time over the period of long-term 

professional development. With this in mind, senior school management provides a process through 

which heads of science can plan the time required for long-term professional development before it 

is authorised. 

 

6.4.3.4 Property 4: Developing effective collegiality 

Heads of science had no understanding of the nature of ‘effective collegiality’, or how to develop it, 

within the science department. This resulted in ‘Balkanisation’, ‘comfortable collegiality’ and a 

general lack of understanding of how to encourage its development. 
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There was no effective collegiality between heads of science and senior school management and 

therefore heads of science did not consider it necessary to include the principal and dean in 

discussions about the implementation of the Thinking Science intervention, and vice versa. 

 

Solutions and suggestions 

Heads of science learn about the characteristics of effective collegiality within the science 

department and between the science department and the senior school management. 

 

Heads of science are taught how to encourage and develop effective collegiality within the science 

department and between it and senior school management. 

 

6.4.3.5 Property 5: Including classroom coaching as part of professional development 

Heads of science were not aware of, and had not experienced, classroom coaching as a part of 

effective professional development. They were often reluctant to participate, although some became 

more positive about its benefits after having participated in it. 

 

Solutions and suggestions 

Heads of science learn about classroom coaching and its benefits for themselves and other teachers 

as they learn new pedagogical skills. 

 

6.4.3.6 Property 6: Considering the sustainability of an intervention 

Initially, sustainability was not a major concern for heads of science but the provision of adequate 

professional development for teachers new to the school rapidly became a problem. Most were 

unaware of the need for a systematic approach to sustainability to support new teachers as they 

learnt the pedagogical skills of Thinking Science over two years. Two schools, with the support of 

teachers, decided to write Thinking Science lessons into the teaching programs to promote the 

sustainability of the intervention. In another school new teachers were left to their own devices and 

another provided a new teacher with one free period to complete all the professional development 

required. 

 

Solutions and suggestions 

Heads of science are made aware of the need to sustain an intervention and its professional 

development as teachers come and go. This is a whole school problem which needs to be 

approached and resolved by all stakeholders lead by the senior school management.  
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6.4.3.7 Evaluating change in student thinking 

Three of the five heads of science were not interested in evaluating changes in student thinking over 

the two years of the intervention. 

 

Solutions and suggestions 

Heads of science require an understanding of their role in professional development including the 

need to evaluate changes in teachers’ pedagogical skills and student cognition as a result of this 

intervention. Otherwise, the expense and effort of all involved is pointless. 

 

6.5 The responses of teachers 

 

6.5.1 Sub-category 1: Developing unity of vision and ownership in the school 

Teachers in all the schools were aware that the senior school management was not actively involved 

in supporting their efforts. Thus, without the fostering of unity of purpose within the science 

department and between the department and senior school management all science teachers 

experienced difficulty implementing the intervention. 

 

Solutions and suggestions 

Teachers learn that unity of vision and ownership between all levels of the school hierarchy are 

essential for effective professional development and the success of an intervention. 

 

Teachers are provided with the communication skills to develop unity of vision and ownership 

within the science department and senior school management. 
 

6.5.1.1 Property 1: Participation in the initial meeting 

The need for teachers to be acknowledged and listened to was not addressed when decisions were 

made to introduce Thinking Science into their classes. No teacher attended an initial meeting to 

discuss the intervention and to contribute to the decision about whether to introduce it into their 

classes. In each school, participation became mandatory for teachers and, therefore, they were 

unlikely to support it for very long. 
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These observations indicate how important consultation with teachers is in relation to the 

introduction of an intervention as the decision of individual teachers to participate, or otherwise, is 

crucial to its success. 

 

Solutions and suggestions 

Senior management and heads of science learn that, for any intervention and professional 

development to have a chance of success, teachers must participate in the meetings at which 

decisions related to their work, effort and time are made. 

 

6.5.1.2 Property 2: Understanding the purpose of Thinking Science 

Most teachers were unable to relate the purpose of Thinking Science to the development of student 

cognition. For most teachers, the purpose of the Thinking Science intervention was to teach what 

they viewed as a science thinking skills program rather than a program developed to raise the level 

of student cognition. This view was firmly developed after teachers had experienced the first four 

lessons based on variables: dependent and independent variables and their values, the relationships 

between variables, graphs, and formulating hypotheses. After completing these lessons teachers 

understood these concepts clearly and were able to teach them. 

 

As a result of their participation in the professional development, some teachers came to understand 

that the purpose was to use evidence-based pedagogy that contributed to the development of student 

cognition, i.e., students would be able to more readily understand abstract and multivariate 

scientific concepts. 

 

Some teachers compared the pedagogical approach in Thinking Science lessons to regular science 

lessons and saw no relationship between the two. They were unable to understand how the 

underlying approach to thinking in Thinking Science lessons could be used in all science lessons as 

an evidence-based alternative to transmission teaching and rote learning. They were unable to 

understand how students could be learning scientific concepts in a Thinking Science lesson. Three 

teachers considered that Thinking Science had nothing to do with science at all. 

 

Solutions and suggestions 

Teachers learn concepts about the development of cognition, or thinking, based on research rather 

than the concept of ‘thinking skills’ which has no evidence to support it. 
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Teachers are taught about the nature of science, concepts of scientific method such as the meaning 

of variables, their values, the possible relationships between them and the graphical representations 

of these relationships. 

 

Teaches are taught how to assess evidence and why this skill is important for their work. 

 

6.5.1.3 Property 3: Understanding the aim of Thinking Science professional development 

The aim of this investigation was to deliver Thinking Science professional development over a 

period of two years, and support science teachers to become fluent in evidence-based pedagogy 

which has been shown to stimulate the development of student cognition and thinking abilities. 

 

Teachers acknowledged that thinking was important for science teaching but demonstrated little 

understanding about why this is so. They provided little evidence of having any understanding of 

cognition, its development or its implications for teaching and learning in science and therefore they 

had little understanding of the professional development. 

 

Teachers acknowledged that a substantial amount of the science syllabus was based on rote 

learning. As one teacher commented, “Some students want to rote learn. They’re good at it and 

there’s always plenty of scope. I think there’s still a huge potential for students who rote learn”. 

Another added, “There’s still a large swathe of every senior science subject syllabus, and 

particularly the junior science syllabus, where it’s facts and you can just learn stuff—but 

remembering isn’t the same as understanding”.  

 

Solutions and suggestions 

Teachers are taught about cognition and its development based on peer-reviewed research. 

 

Teachers are taught about the nature of transmission teaching and rote learning, and the 

implications of cognitive development and learning at a deep level. 

 

6.5.1.4 Property 4: Understanding the aim of Thinking Science professional development 

The aim was to deliver Thinking Science professional development over a period of two years, and 

support teachers to become fluent in evidence-based pedagogy which has been shown to stimulate 

the development of student cognition and thus, thinking abilities. 
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Although some teachers stated that, as a result of the professional development they knew how the 

lessons worked and what they were aiming for, long-term professional development was a new 

concept to them. 

 

Teachers observed that the time and effort required to learn new pedagogical skills was often not 

fully understood by themselves or by senior school management and the head of science. For 

example, senior school management and heads of science in four of the schools expected teachers to 

be able to cope with further additions to their workload whilst in the process of completing the 

Thinking Science professional development. Examples of additional workload included a change in 

text book which necessitated writing new programs, reassessing all their programs for the principal, 

and further pedagogical skills required by the school’s teaching and learning framework. Teachers 

were just expected to cope with additional change and were inadequately supported by heads of 

science and senior school management as they attempted to learn new pedagogical skills and embed 

them into their practice. 

 

Solutions and suggestions 

Teachers are made aware of the evidence which supports long-term professional development, 

including the length of time it takes for anyone to develop and become fluent in a new skill. 

 

Senior school management and heads of science are made aware of the additional workload 

teachers experience as they learn new pedagogical skills so they can ensure teachers have time to 

plan and practice as they develop new skills. 

 

6.5.2 Sub-category 2: Acknowledging the importance of evidence-based practice 

Participating teachers worked in a culture that accepts interventions without reference to an 

evidence-base of researched theory which accounts for sample size, validity, reliability and peer 

review. Because of the lack of exposure to, and an understanding of research evidence, teachers 

assumed that if an approach was demonstrated and appealed to them, the evidence on which it was 

based, or whether evidence existed at all, was generally not a consideration. For example, the 

teaching and learning framework from School 3 contained many teaching and learning strategies for 

teachers, many of which may have been effective—but there were no references to academic 

research which provided evidence of this. In the document there were references to Learning Styles 

(Coffield et al., 2004), Blooms Taxonomy (Bloom et al., 1956), Six Thinking Hats (De Bono, 2008) 

and Habits of Mind (Costa & Kallick, 2009), none of which is based on peer-reviewed research and 
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confirming evidence. This attitude of senior school management implied that there was no need for 

curiosity about evidence which supports or refutes the effectiveness of what has been recommended 

for classroom use. In addition, heads of science, teachers and senior school management were 

unable to comment on, or discuss, the differences and similarities between formal operational 

thinking, critical thinking and higher order thinking, and they did not question the nature of the 

evidence on which these concepts were based. 

 

Participating teachers did not have easy access to journals which publish peer-reviewed research 

related to student thinking and were, thus, unable to define or discuss evidence-based concepts 

related to thinking. Unless enrolled in a university course, teachers did not have access to research 

papers to check the validity, reliability and peer review of suggested interventions. This diminished 

the possibility of developing a culture of teaching and learning which acknowledged the importance 

of evidence. 

 

Solutions and suggestions 

Schools are not only encouraged to use evidence-based teaching and learning but teachers, heads of 

science and senior school management in this study are made aware of the nature of evidence and 

how to assess it. This needs to be taught. 

 

Teachers, heads of science and senior school management have little access to research papers and 

no culture of reading research was observed in these schools. This needs to be addressed by an 

organisation, such as the Ministry of Education, to provide teachers with access to research papers 

so that a culture and awareness of the need to use evidence-based information develops in schools. 

 

6.5.3 Sub-category 3: Implementing effective professional development 

 

6.5.3.1 Property 1: The importance of professional development 

Although teachers agreed that professional development is important for their work, in each school 

they were inadequately informed and consulted about the intervention and, therefore, were 

unsurprisingly negative and often not prepared to commit their time and effort. 

 

Solutions and suggestions 

Teachers are informed, considered and consulted about proposed professional development so that 

they can make a decision as a faculty to commit time and effort to particular interventions. 
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6.5.3.2 Property 2: Developing new pedagogical skills over the long term 

Participating teachers discovered that acquiring new pedagogical skills was challenging, and 

required time, effort and practice. Frustration arose over the long term because teachers did not 

expect, or believe, that it would take 30 hours, or two years, of classroom practice to master new 

pedagogical skills. Teachers and the heads of science expected to be able to implement the new 

skills fluently in their classes after the first professional development session with ease and without 

opportunities for further practice. 

 

The expectation that teachers could implement a complex intervention in their classes without the 

support of long-term professional development, effective collegiality and classroom coaching was 

observed in all schools. This support was required over the long term to increase teacher confidence 

and reduce negativity and anxiety as their pedagogy changed and they became fluent in new skills. 

 

Some teachers experienced difficulty understanding the underlying scientific concepts of lessons 

based on concepts which were unfamiliar to them, or which they thought had little to do with 

science, such as sample size, ratio and proportion and probability. In addition, although some 

changes were observed such as increased student participation in discussion, group work and 

thinking, the positive long-term effects of the intervention such as increased cognitive abilities were 

not necessarily observed in the first year. Teachers who persevered noted that their new pedagogical 

skills improved with practice but the low, inconsistent level of use resulted in very little increase in 

students’ cognitive abilities in most schools. 

 

Solutions and suggestions 

Teachers understand that when initial decisions about participation in professional development are 

made, the learning of new and often complex skills will take time and effort. 

 

During initial training, teachers develop an understanding of the nature of the relevance to scientific 

thinking of such basic concepts such as ratio, proportion, sample size and probability. 

 

6.5.3.3 Property 3: Planning time for long-term professional development 

Teachers need to be involved in discussions with heads of science about the authorisation and 

planning of any long-term professional development. Such discussions can be supported by 
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effective collegiality and unity of vision between teachers, heads of science and senior school 

management. 

 

Solutions and suggestions 

Teachers need to understand the reasons behind long-term professional development and its 

accompanying planning. 

 

Effective communication is required between senior school management, heads of science and 

teachers when planning for long-term professional development. 

 

6.5.3.4 Property 4: Developing effective collegiality  

The development of effective collegiality during the implementation of an intervention, such as 

Thinking Science, involves the development of trust, acceptance and a willingness to support all 

members of the school community as they acquire new skills. It is essential for the success of 

professional development. As previously outlined, effective collegiality was not formally or 

intentionally developed or observed in any of the schools. 

 

Solutions and suggestions 

All those working in schools are trained to understand the importance and function of effective 

collegiality for the success of teaching and learning within a school community, and how to support 

it between and within different groups and hierarchies in a school. 

 

6.5.3.5 Property 5: Including classroom coaching as part of professional development 

None of the teachers and school communities were aware of classroom coaching. Initially, most 

teachers were reluctant to participate in classroom coaching because they were unfamiliar with the 

concept, had never experienced or heard of it as an essential part of effective professional 

development, or expressed anxiety and a lack of confidence about being observed and a concern 

that their teaching practice may be criticised. 

 

A very difficult aspect of classroom coaching was finding time for feedback. It was often not 

possible to speak to the teacher during the class and once the lesson was over the teacher had to 

hurry away to the next class. Emails were frequently used for feedback but this was a one-way 

communication and did not result in any discussion between the coach and the teacher. 
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Solutions and suggestions 

Teachers and all who work in schools are made aware of classroom coaching and the research that 

supports it, and understand that it is essential for effective professional development. 

 

Teachers are made aware that time needs to be allocated for discussions between teacher and coach. 

 

6.5.3.6 Property 6: Considering the sustainability of the intervention 

Teachers experienced difficulty completing all the required Thinking Science lessons each year, 

particularly as they were teaching a mandatory syllabus. The need for professional development for 

teachers new to the school was not considered. 

 

Solutions and suggestions 

To complete all 30 Thinking Science lessons, some can be taught in Year 9. Thinking Science 

lessons can be included in programs with related topics, e.g., Classification, Scientific Method. 

 

6.5.3.7 Property 7: Evaluating changes in student outcomes 

Teachers did not commonly evaluate changes in student outcomes as a result of new pedagogy or 

the adoption of a learning framework. Teachers did not relate a low level of use of new pedagogy 

with a low effect size.  

 

Solutions and suggestions 

Teachers are made aware of the necessity of evaluating changes in student learning as a result of 

particular professional development using effect size if possible. 
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Chapter Seven 

Findings and hypotheses related to Research Question 2 

 
7.1 Introduction 

The Thinking Science professional development was designed to provide teachers with the 

opportunity, over a two-year period, to develop the pedagogical skills required to deliver the 

Thinking Science intervention successfully to their students. Observations of teachers’ pedagogical 

development were made over this period. Data were collected primarily from heads of science and 

teachers in five schools using interviews, emails, field notes and classroom observations. Data 

related to Research Question 2 were successively analysed using open and focussed coding to 

identify the core category, sub-categories and their properties.  

 

Research Question 2: 

To what extent did teachers implement the Thinking Science intervention in their classes? 

 
Core category 2 was identified as: Teachers implementing the Thinking Science intervention. 

It was divided into five sub-categories and their properties which were used to describe and analyse 

the responses of teachers as they implemented the Thinking Science intervention. 

 

Sub-category 1: Demonstrating teachers’ understanding of the structure of a Thinking Science 

lesson 

Property 1: Using concrete preparation and data collection 

Property 2: Using cognitive conflict: the use of challenge 

Property 3: Developing social construction 

Property 4: Learning to ask and use metacognitive questions 

Property 5: Bridging concepts from one context to another 

 

Sub-category 2: Experiencing aspects of a Thinking Science lesson 

Property 1: Considering cognitive conflict and the more able students 

Property 2: Considering cognitive conflict and the less able students 

Property 3: Using social construction to differentiate cognitive conflict 

Property 4: Observing issues of literacy during social construction 



235 
 

Property 5: Creating inclusive whole class discussion 

 

Sub-category 3: Experiencing challenges during the implementation of Thinking Science 

Property 1: Changing from an instruction approach to a thinking approach to teaching and 

learning 

Property 2: Understanding the concepts on which Thinking Science lessons are based 

Property 3: Preparing lessons 

Property 4: Using lesson time effectively 

Property 5: Fitting Thinking Science lessons into a mandatory syllabus 

Property 6: Feeling overwhelmed 

Property 7: Working with laboratory assistants 

Property 8: Discussing levels of use 

 

Sub-category 4: Reflecting on how classroom teaching changed as a result of the Thinking Science 

intervention 

Property 1: Commenting on the first four lessons 

Property 2: Adopting Thinking Science pedagogy 

Property 3: Observing the effects on student thinking in the classroom 

 

Sub-category 5: Commenting on effect size 

Property 1: Commenting on the effect size of Thinking Science in each school 

 

7.2 Core category 2: Teachers implementing the Thinking Science intervention 

 

7.2.1 Sub-category 1: Demonstrating teachers’ understanding of the structure of a Thinking 

Science lesson 

Thinking Science lessons are structured around the five pillars of CASE (Shayer & Adey, 1981): 

concrete preparation including data collection, cognitive conflict, social construction, metacognitive 

questioning and bridging. The new pedagogical skills that teachers were required to learn to 

implement the intervention were based on these five pillars. During lessons, each pillar is not 

necessarily used as part of a single sequence. For example, concrete preparation may be required 

several times in a lesson and social construction, metacognitive questioning and bridging are 

generally woven into the lesson as a whole. 
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7.2.1.1 Property 1: Using concrete preparation and data collection 

Concrete preparation provides students with an overview of concepts to be studied during the lesson 

and may also include new vocabulary and any necessary instructions about the use of apparatus 

(Adey, 1999). Teachers understood concrete preparation—some commented that it was similar to 

the teacher-centred pedagogy of transmission teaching generally used in regular science classes: 

 

School 1 teacher: Concrete preparation is generally good—it’s necessary for successful 

engagement. This is the kind of lesson [students] are used to … teacher-centred. 

 

One difficulty that some teachers experienced when using concrete preparation in a Thinking 

Science lesson was in understanding that its purpose, although essential, was ancillary to the main 

purpose of the lesson rather than an end in itself: 

 

School 3, field notes, Jul 2, 2011: Initially, it was common for teachers to experience 

difficulty keeping concrete preparation short and to-the-point, and to trust students’ ability 

to read and understand detailed written instructions and act on them without teacher 

intervention at every step. In some lessons concrete preparation took up the entire lesson. 

 

School 3, field notes, Nov 11, 2011: Teachers expressed annoyance that the skills required 

for concrete preparation and data collection were very different from their usual practice and 

they felt aggravated by this. Initially, they found it difficult not to teach concepts and they 

commented that they did not like being ‘out of their comfort zone’. 

 

Other teachers were able to deliver concrete preparation with less difficulty: 

 

School 4 teacher: You do a brief introduction and introduce some of the terminology they 

need to use in the lesson—what a variable is and that sort of thing. Then you give them a 

problem to solve—within the groups they need to read the problem. I’d probably describe 

the roles in the group and they’d have a reader read out what’s on the sheet. 

 

Hypotheses 

• Teachers were used to the teacher-centred, transmission approach of concrete preparation 

and often experienced difficulty changing from that to student-centred pedagogy. 
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• Most teachers experienced difficulty limiting concrete preparation to a brief introduction to 

the lesson including the problem to solve, practical work to do and equipment to use. 

• Most teachers experienced difficulty trusting students to work in a group, read and 

understand instructions. 

• Initially, most teachers felt frustrated being of outside their comfort zone as they learnt the 

new pedagogy. 

 

In each Thinking Science lesson, students collect data from a practical exercise. Unlike most regular 

practical lessons, the data is used to provide cognitive conflict and discussion, and therefore 

students are required to collect it within a particular time frame. At first students remained very 

dependent of the teacher for continual information and guidance. Teachers experienced difficulties 

with timing so that students didn’t spend the entire lesson collecting data. This was also new 

learning for students: 

 

School 2 teacher: The students are so used to being watched and monitored and given 

feedback every three and a half seconds so that when you actually leave them to do a group 

task it’s hard to be just a single teacher in a room with 25 kids all needing to know what to 

do. 

 

School 3 teacher: I think one of the problems is with timing … Sometimes it’s a case of 

getting through the content part [data collection] as [the students] want to do these things. 

 

School 4 teacher: Solving a problem involves some hands-on manipulation of equipment 

and some gathering of data but that gathering of data is actually a minor part of the lesson as 

opposed to some science pracs where it’s the main part of the lesson. [In a Thinking Science 

lesson] it’s what they can do with the data that’s important. 

 

School 5 teacher: Collecting data for the lower ability kids takes a long time—it makes it 

harder to get to the point of the lesson. 

 

Hypotheses 

• Initially students remained dependent on the teacher for continuous instructions. 
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• Teachers experienced difficulty training students, over the range of abilities, to both read 

instructions and collect data independently and within a specific time frame which did not 

take up the entire lesson. 

 

7.2.1.2 Property 2: Using cognitive conflict: the use of challenge 

Cognitive conflict occurs within the ZPD for each student (Vygotsky, 1978). It requires thought and 

effort to clarify concepts, develop reflective thinking and resolve confusion. Cognitive conflict, or 

challenge, is introduced into each Thinking Science lesson by the data which students collect from 

the practical exercise at the beginning of each lesson. 

 

School 3 teacher: When we were looking at values and variables it was hard for them to get 

what we meant by a value … But I think that’s something that’s good anyway and it’s 

challenging them. 

 

School 4 teacher: … they’ve got a hands-on problem in a task. It’s not a hands-on solution 

so if it’s using a spring balance and measuring they can quite easily do that but the next level 

up is quite demanding for them in terms of what you are going to do with that data, how you 

are going to interpret it. 

 

School 5 teacher: I liked that they found things they couldn’t do straight away [in the 

multiple-choice lesson] because part of the issue was that it was all too easy. 

 

Hypotheses 

• Teachers understood that presenting cognitive conflict or challenge in a structured group 

requires students to question and justify their own thinking. 

• Teachers understood that it takes time and effort for both students and teachers to learn this 

skill. 

 

Over the two years of professional development, some teachers began to develop the skills of 

discussion and questioning which both they and their students needed in order to work through the 

cognitive conflict and, thus, stimulate the development of student thinking. Students also adjusted 

to the different expectations of a Thinking Science class. As a result, teachers reported more positive 

experiences: 
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School 1 teacher: Cognitive conflict has generated good discussions at times that get kids 

engaged. 
 

School 2 teacher: The kids cotton on and can think through the challenge. Diameter versus 

height—they struggled with that. 

 

School 3 teacher: Yes, there’s discussion, and as they’ve got more confident with the format 

results have got better in the lessons themselves. 

 

School 3 teacher: They come to lessons prepared that they might be having to interact and 

talk and ask questions of people that they might not normally talk to, that they might not 

even like. It’s increased their confidence with that ... for the boys, it’s improved their 

communication skills. 

 

School 4 teacher: They are enjoying the problems. Most enjoy the mental challenge. I’ve 

tried to incorporate it into my teaching. 

 

School 4 teacher: One of the higher groups walked out after the leaf experiment and came 

back next lesson and said, “So you are going to tell us?” because they had been discussing 

it. I said, “No”. They carried on throughout the year and eventually asked to do it again and 

they worked it out. 

 

School 5 teacher: Some of the girls got well into it and there were huge arguments going on 

over the other side of the room on the board and two groups were writing their answers and 

suggestions and discussing. 

 

Hypotheses 

• As teachers developed the skills of using cognitive conflict, they observed that it generated 

discussion, student engagement, increased confidence and the ability of students to 

persevere and think through challenges. 

• Teachers observed that students enjoyed the mental challenge of cognitive conflict. 

• Teachers observed that, as a result of social construction, verbal communication and social 

skills amongst students improved. 
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7.2.1.3 Property 3: Developing social construction 

Students require the empathetic environment of a safe classroom in which to develop the skills and 

confidence to discuss their thinking freely (Louis, 2007). With time and practice, teachers observed 

that student confidence in discussion increased. 

 

School 2, field notes, Mar 21, 2011: One staff member refused to question students in front 

of the class. She said that she had been humiliated as a student, herself, by being asked 

questions that she was unable to answer in front of other students. 

 

School 3 teacher: We are hoping that the penny will drop for a larger proportion and that 

they will not be so frightened of thinking. A lot of students hesitate to think. 

School 3 teacher: I think empathy is a very important skill—to understand what it might be 

like to be a less gifted student struggling through this material—the students appreciate that. 

 

School 3 teacher: We basically grind out the risk-taking and interest. In class time, 

constraints often result in no time for questioning from students and we never get back to 

doing it ... The students don’t get rewarded for having an enquiring mind so they start 

shutting down and the classroom is too busy. 

 

Hypotheses 

• The provision of a safe, empathetic classroom was essential for the development of 

confidence as students expressed their thinking. 

• The use of an approach to pedagogy which allowed students to express thinking without fear 

of criticism, whether or not their ideas were deemed to be correct, was essential. 

 

All the teachers in Schools 2, 3, 4 and 5 acknowledged, when surveyed, that they commonly used 

group work involving three to four students during laboratory practicals—but most experienced 

difficulties implementing group work effectively with their students. None of the teachers in any of 

the schools had the knowledge and skills required to teach students how to work effectively in a 

group. 
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School 4 teacher: I think often in English, and subjects like that, they get the opportunity to 

socially interact and discuss but in science, except in practical work, I don’t think [this] is 

commonplace in [science] classrooms—certainly not with the teachers I’ve watched, or the 

student teachers who’ve come through from the universities. 

 

Teachers listed the following as the difficulties they commonly experienced during small group 

work: 

 

• students who dominated discussion; 

• students who refused to participate; 

• one or two students who did all the work; 

• not knowing what had been contributed by particular students; 

• students who did not know what they were supposed to be doing; and 

• groups not completing the assigned task by the end of the lesson. 

 

Teachers were not aware of the skills required by students so that they could work in a small group 

without these difficulties. The required skills are (Bianchini, 1997; Cohen, 1994): 

 

• using group roles, such as a reader so that all understood what they were to do, a facilitator 

who made sure that everyone was involved and had a turn to speak, and a timer who ensured 

that the task was completed in the time allocated; 

• sitting closely enough to maintain eye contact; 

• understanding how to participate in and stimulate group discussion; 

• the ability to listen actively to other group members; 

• knowing how to ask metacognitive questions; 

• using wait time when asking questions; 

• training the group facilitators so that no student dominates or fails to participate; and 

• working well with those they do not normally interact with. 

 

The skills required to run an effective classroom group were new to all teachers. This situation 

demonstrated the time and practice required by teachers to learn new pedagogical skills and how to 

use them with students: 
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School 1 teacher: Sometimes it’s hard to facilitate all participants’ involvement. 

 

School 2 teacher: Like it comes back to me all the time making sure I’m co-ordinating their 

group effort and I don’t like that. The social construction is a bit of a difficulty. 

 

School 2 teacher: In class, it takes time for me to know actually how I should deliver the 

lessons ... You think you shouldn’t [go around the room telling students what they should be 

doing] because you encourage that [dependency on the teacher to tell them what to do] ... I 

have to say, “Have you read it?” and “Who’s the reader and blah?”. When you’ve got seven 

groups wanting to ask you the same thing at the same time or seven different questions and 

you have still to respond, “Well have you read anything?” It’s a lot of energy. 

 

School 3 teacher (after 4 months of practice): ... it’s the hardest thing to get that group 

dynamic right. Avoiding the situation where you’re having someone who’s too dominant in 

the discussion. 

 

School 4 teacher: … the seating plan’s quite important … they do need to sit in smallish 

groups of four where they are close to each other and they can [have eye contact] and talk.  

 

Hypotheses 

• Teachers experienced difficulties using group work effectively as they had not been taught 

the required skills. 

• Most teachers were aware of the difficulties they had previously experienced during group 

work: one person dominating, some refusing to participate, some doing all the work, not 

knowing which group members have contributed, group members not knowing what they 

were supposed to be doing and groups not completing the assigned task by the end of the 

lesson. 

• Teachers were not aware of the knowledge and skills required for effective group work: 

using roles, sitting closely enough to maintain eye contact, the ability to participate in and 

stimulate group discussion, listening actively to other group members, asking metacognitive 

questions, using wait time and co-operating with group members. 

• As with all new skills, teachers took time to learn the skills of running effective group work 

using social construction. 
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As teachers learnt the skills of working with students in small groups and class discussions, they 

also learnt to listen to students as they thought through challenges. They learnt to ask them probing 

questions which stimulated debate and understanding. They grappled with the idea that, in Thinking 

Science lessons, the thinking processes were more important than the hope that students would 

leave a lesson having ‘got’ particular concepts: 

 

School 2 teacher: I had to learn that [the students] didn’t have to ‘get it’. The Thinking 

Science professional development helped me with that, particularly the classroom coaching. 

 

School 2 teacher: The tricky bit is focussing on the thinking that’s going on and not 

worrying about the content. 

 

School 3 acting head of science: They were concerned about students ‘getting it’, i.e., 

understanding it. Getting students to think is a foreign concept for teachers. 

 

School 4 teacher: [Teachers] need to work carefully on the group work skills and remind 

[students] to listen to each other, encourage each other, listen to ideas [because], as a group, 

they need to solve a problem. 

 

Hypotheses 

• Instead of concentrating on students ‘getting’ the content teachers concentrated on student 

thinking using the skills of social construction. 

• Although there was an expectation that student thinking and problem-solving were to be 

encouraged, teachers had no understanding of how to go about this. 

• Thinking Science professional development assisted with the development of group work 

skills which developed social construction. 

 

Some teachers worked systematically on social construction and, after several weeks, began to 

observe the required results: 

 



244 
 

School 2 teacher: Teaching the structure of groups has got a lot better. They’ve improved as 

I’ve given them feedback on [taking roles]. There are groups that are a lot better at staying 

on task. 

 

School 3 teacher: Yes, there’s discussion and it’s got better and better as they’ve got more 

confident with the format, and as results got better in the lessons themselves. 

 

School 3 teacher: So you give them the same job so they become the model for that role 

instead of changing it every time to a different function in the group. And once they have 

experienced it, and learnt how to do it, you can let them rotate a bit more. 

 

School 5 teacher: It’s very helpful for me to see the way you must leave kids to work it out a 

lot more [in a group], and to help each other and to problem-solve in different ways and to 

show the different ways people think. 

 

Hypothesis 

• With instruction, time and practice, teachers observed improvements in: 

– student ability to work effectively with roles and stay on task; 

– student confidence to discuss and solve problems; and 

– the ability of students to fulfil group roles and problem-solve themselves as a group. 

 

Teachers observed that students took time to learn about, and respond to, the pedagogy of Thinking 

Science. With time and practice, they became proficient and began to become more engaged in the 

process: 

 

School 2 teacher: They’re good [at getting a discussion going]. I find if I go around 

immediately after starting and can plant a few seeds it goes alright. There are six groups and 

often they don’t really get into it until you get around to them. So they’re sitting there 

twiddling their thumbs. That can be a problem. They just need a little bit of a push. 

 

School 3 teacher: Students actually enjoy the idea of [working in groups] and actually 

having a particular role and that division of labour. I’ve always done lots of group work but 

I think that really enhances the idea of group work. 
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School 4 teacher: Students certainly like the social interaction. I think they’re enjoying the 

problems. They find they can relate them to everyday life. 

 

School 5 teacher: The kids who’ve had a strong Thinking Science training are happy to do 

the group work. You don’t have to teach them to do that. They know about reading the 

instructions and sitting together, and letting everybody have a say and working out what to 

do. I think they’re good at that. 

 

Hypotheses 

• Students enjoyed working in groups—using the roles and experiencing social interaction. 

• Thinking Science training improved group work by providing students with the skills to 

participate in a group. 

 

7.2.1.4 Property 4: Learning to ask and use metacognitive questions 

Metacognition is an awareness and understanding of one’s own thought processes. It is also referred 

to as ‘reflective abstraction’ and is essential for the development of cognition (Adey & Shayer, 

1994; Azevedo et al., 2010; Veenman, 2012.) Metacognitive processes result in an increased 

awareness of one’s thinking. A basic metacognitive question is, “Why do you think that?”—a 

justification of thinking which could also include discussion of concepts found to be easy or 

difficult, reflection on how problems were solved, and consideration of how group discussion could 

improve. 

 

Initially, teachers did not have the skills to facilitate either small or whole class group discussions to 

raise awareness of student thinking and the reasons underlying it by using open, metacognitive 

questions. To accomplish this involved a change in teachers’ pedagogical practice from the 

transmitter of knowledge to the facilitator and guide of the learning process: 

 

School 3 teacher: I think there’s a lot of power in good questioning in a classroom. Coming 

into education, teachers would not necessarily have [training in asking good questions] and 

may end up asking a lot of closed questions. So when they’re told you should be asking 

more open questions [teachers] find it difficult because they have not been trained. 
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School 3 teacher: [I am now] attempting to use questioning techniques that encourage more 

thinking and questioning on the students’ part. 

 

School 4 teacher: [I] probably [used] a mixture of open ended/metacognitive questions—

some closed questions to ascertain where they were at and very often my questions would 

develop from answers that they’d given so I would lead them in a direction rather than ask 

them, “Why do you think that?” I’d ask a question that took them to the next step, and the 

next step, until they got to the answer so I guess I was probably partly processing it for them 

whereas this way around they’ve actually got to think about why they [thought] or did that. 

 

School 5 teacher: I love that I must push them to get the answer and not give them the 

answer too quickly. 

 

School 5 teacher: It was good—that natural tendency to help the girls was replaced by more 

expectations on the girls—giving some questions back, or a little piece of the next puzzle 

rather than the answer. 

 

Hypotheses 

• Most questions asked of students by the science teachers prior to Thinking Science 

professional development were closed questions. 

• Teachers became aware of the need to ask more open, metacognitive questions. 

• Most teachers had not been trained how to ask open, metacognitive questions to probe 

student thinking. 

• Teachers often used closed questions to lead students to the correct answer. 

• Thinking Science pedagogy raised teachers’ understanding of the ways in which students 

benefit by thinking about the concepts they are learning. 

 

In this investigation, although metacognition was a concept which science teachers had heard about 

none of the seventeen asked were able to define or discuss it beyond the recitation of the mantra, 

“It’s thinking about thinking”. As a result, initially, they were unable to implement metacognitive 

questioning in the classroom: 
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School 2 teacher: I am not as comfortable with metacognitive questioning—again it’s a 

work in progress. 

 

School 3 teacher: Prior to Thinking Science I did not use, or know how to use, metacognitive 

questioning. 

 

School 3, field notes, Jul 29, 2011: The teacher said that the teaching and learning 

framework says to develop metacognition but doesn’t say how. The head of science said that 

teachers needed to develop these skills, [which were listed in the teaching and learning 

framework] but they have never been shown how to do this in a classroom. 

 

School 3 teacher: It wasn’t happening in my classes before Thinking Science. By asking 

metacognitive questions [students] have actually got to think about why they did [or 

thought] that. 

 

Hypotheses 

• Teachers had not been taught how to develop and use metacognition in the classroom. 

• Teachers were, at times, assumed to have skills which they had never been taught 

themselves. 

 

After a period of practice, teachers began to report success in the use of metacognitive questioning 

in class: 

 

School 2 teacher: Yes, I do ask [metacognitive questions]. Again, it takes a lot of practice 

for me to get it right—like the second time—then I ask better questions than the first time I 

did it.  

 

School 3 teacher: … not just by asking questions that are sometimes very closed and have 

right and wrong answers but to be asking students, “Well, why do you think that? What is it 

that’s made you come to that decision?” So there’s the metacognitive side to thinking about 

what they’re saying. 
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School 4 teacher: At various intervals you call them together as a class group and then use 

no-hands up questioning techniques where you ask [any student] questions and ask them to 

explain, not only the solution to the problem but how they got there. What you are really 

doing is getting them to think about their thinking. 

 

School 4 teacher: Certainly [I’ve learnt to use] those metacognitive types of questions very 

often in class. Well, before I did it, I would ask a question but I wouldn’t ask them “Why do 

you think that?”, “Can you explain?”, or say to other students “Can you expand on that 

idea?”, “Do you agree with that idea?”—that sort of thing. It wasn’t happening in my own 

classroom before I did Thinking Science and I’ve definitely carried that over. 

 

Hypotheses 

• Teachers all needed to practice a new skill in order to become fluent in its use. 

• With practice, teachers developed the skill of asking metacognitive questions in group and 

class discussions. 

 

7.2.1.5 Property 5: Bridging concepts from one context to another 

Bridging enables students to link the problem they are discussing during a Thinking Science lesson 

with other knowledge and experiences. 

 

Teachers were generally aware of the importance of teaching in context as a means to engage 

students and assist in their learning. Bridging is a process which extends thinking from one context 

to another, e.g., the wind drying puddles to the wind drying washing. During this process, students 

think about the reasoning pattern they are using and justify its use, or not, from one context to 

another. The justification of particular thinking from one context to another raises student 

awareness of their thinking and, thus, contributes to the development of cognition. I noted bridging 

in four of the fourteen classes I observed. Very few teachers commented on it or connected it with 

the development of cognition: 

 

School 2 teacher: Students can relate the Thinking Science lessons to everyday life. 

 

School 4 teacher: They’re at an age when they haven’t necessarily made lots of links in their 

lives and we are asking them to make links, and that’s probably a challenging part for them. 
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So there are varying degrees of difficulty in extracting data and certainly in interpreting 

things and seeing relationships. 

 

Hypotheses 
 

• Very few teachers were aware of bridging. 

• Teachers did not relate bridging to the development of cognition. 

• Bridging could be challenging for students as it required them to think about their thinking 

and to make links between different contexts. 

 

7.2.2 Sub-category 2: Experiencing aspects of a Thinking Science lesson 

When teachers implemented Thinking Science lessons in different classes questions arose resulting 

in a number of issues which are considered in more detail in each of the following properties. 

 

7.2.2.1 Property 1: Considering cognitive conflict and the more able students 

Teachers in Schools 2, 3 and 5 considered that the cognitive conflict, based on fair testing, variables 

and values, in Lessons 1–4, was too easy for the more able students and that these students required 

a higher level of challenge than the lessons provided: 

 

School 2 teacher: Cognitive conflict engages bright students. Teaching the top class often 

requires me to elevate the cognitive conflict to their level. 

 

School 3 teacher: The enrichment class found it all too easy and understood the concepts 

very quickly. 

 

School 5 teacher: [The lessons about fair testing and variables] are boring for bright girls. 

Once I’ve taught it all once, I would actually leave out some. I wouldn’t do some of the 

earliest ones with them as they are too simple. I would probably just ensure that idea was 

covered and ‘make sure they all got it’ ... My job is to find problems that are hard enough 

for these girls to wrestle with. 

 

In the initial stages of teachers’ skill acquisition, it was difficult to ascertain whether or not the more 

able students required greater challenge or whether their ease of understanding was caused by the 

teachers’ process of transition from transmission teaching to the pedagogical skills of Thinking 
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Science lessons. These new skills included facilitating student discussion as an approach to the 

resolution of cognitive conflict, and the adoption of a new teaching role in which teachers were no 

longer the providers of ‘correct answers’ which students could access automatically, without 

recourse to their own thinking. Teachers generally found the change in focus from transmission 

teaching to thinking about concepts difficult. It took time for both teachers and students to adapt to 

the change, as was found in Schools 2 and 5: 

 

Schools 2 and 5, field notes, Dec 10, 2013: I am quite frequently asked about higher ability 

students and have gone to Schools 2 and 5 to assist with higher ability classes who are 

finding the Thinking Science too easy. On each occasion, I have found that the material in 

Lessons 1–4 is still being presented using transmission teaching, and students are being 

given pointers to answers or the answers themselves. 

 

Hypotheses 

• Teachers and students took time to change from the pedagogy of transmission teaching to 

the pedagogy of Thinking Science. 

• Initially, during the first four lessons, some students seemed to find the concepts too easy. 

• At the initial stages of skill development many teachers continued to provide students with 

the correct answers, making sure that they understood each concept, rather than expecting 

them to express their own thinking and to use metacognitive thinking to justify it. 

 

As time went on, teachers learnt to challenge and question students so that the focus was on the 

development of student thinking. As well as teachers, students had to adjust to the different 

expectations of a Thinking Science lesson, i.e., not being told the answer by the teacher, having to 

justify their thinking to their peers and to the teacher. Teachers often commented that the more able 

students, particularly, found it difficult when they were not given the ‘right’ answers: 

 

School 2 teacher: If they’re not used to thinking, and then they’re forced to, they find it a 

challenge and a bit draining. Some of them are OK about it and some of them are terrible. 

They find it really tough to think for themselves. They don’t [usually think], yeah, they 

don’t. 
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School 2 teacher: They like asking questions but they just don’t like asking each other all the 

time. They don’t like to ask themselves either. They want to be told ... I try to make them 

think. 

 

School 3 teacher: It is challenging for students to change the way they are used to being 

taught. Like those questions [from students] at the beginning, “What are we doing this for? 

Why can’t I answer it now?” They were trying to breeze ahead and do all the questions [on 

the sheet]. The boy at the back had started writing answers in but there hadn’t been a 

question. 

 

School 3 teacher: Often we stress that there’s not necessarily a right or wrong answer but 

what you think about it [is important], and it’s normally the higher ability students that find 

that very hard to deal with. I think it’s getting over this idea that science is very black and 

white. It’s very grey and what you think about it is just as important as knowing what the 

answer is because there often isn’t one. 

 

School 4 teacher: Yes [the teachers] are finding that the kids are finding them more 

challenging, yes, they are. The brighter kids obviously can cope but they are finding that 

some of them are quite challenged [by Thinking Science Lessons 1–4.] 

 

School 5 teacher: Even for the highest group, even though they think they’ve got the answer, 

they very often struggle to explain how they got there, why they got there and that’s when 

the discussion gets really lively. Sometimes [they become] quite heated because they might 

get there in different ways and they try to explain and try to make links so I think that the 

problems are set at a really good level for 11–12-year-olds. 

 

Hypotheses 

• Teachers and students were used to rote learning and transmission teaching, so it took time 

for both to learn the skills of Thinking Science student-centred teaching, such as not telling 

students the answers and expecting them to think and come up with an answer using social 

construction. 
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• Initially, some of the more able students, used to being told or already knowing the correct 

answer, found the demands of cognitive conflict, such as having to think for themselves and 

to justify their thinking difficult and challenging. 

 

7.2.2.2 Property 2: Considering cognitive conflict and the less able students 

Many teachers of classes deemed to be of lower ability were positive about their students’ 

experiences of Thinking Science. They observed that the thinking and understanding of these 

students was supported in groups by the manner in which social construction differentiated 

cognitive conflict and provided opportunities for all students to interact intellectually with others. 

Students were frequently found to have abilities which had not been detected in science classes 

based on transmission teaching in which students had little opportunity to express their thoughts 

and ideas: 

 

School 3 teacher: [It’s] very positive because they are doing things within those lessons that 

they can do. The group work helps to give them a structure and support. You’ve got 

something you can ask questions about and you’ve got the scope to differentiate those 

questions, so I think that they cater very nicely for lower ability students and the program 

builds. There’s an obvious progression as you go through. 

 

School 3 teacher: I think it’s interesting because sometimes those students are very capable 

of getting the core sort of understanding ... I think we certainly have students who’re really 

struggling to make connections and you listen to their conversations and the rest of the 

group are really nailing it and they’re bewildered by it but it’s still giving them the 

opportunity to try. They’ve also got the exposure of other people talking about it and 

thinking so you hope that even the students who struggle most with it are still getting 

something. 

 

School 4 teacher; Students considered lower ability by our streaming have demonstrated 

strong verbal skills and much higher cognitive ability than expected. 
 

Hypotheses 

• Many students deemed to be of lower ability, although observed to struggle during 

transmission teaching, benefitted from opportunities to discuss concepts and to learn from 

their peers during group discussion (social construction). 
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• During social construction, teachers observe higher levels of verbal skills and cognitive 

ability than they had expected from lower ability students. 

• Transmission teaching does not provide opportunities for teachers to observe students’ 

cognitive and thinking abilities or verbal skills. 

• Without group discussion, transmission teaching does not provide opportunities for students, 

deemed to be of lower ability, to develop their understanding, confidence and ability to 

think. 

 

On the other hand, some teachers commented on the difficulties that they experienced facilitating 

lower-streamed classes: 

 

School 2 teacher: Yvonne pulls her hair out trying to go through the tasks with some of 

those lowest set guys because they really struggle. 

 

School 4 teacher: Many [of the lessons] are too difficult for the Year 8 classes I have had 

this year. 

 

School 4 teacher: I’ve also had a lower ability class who are quite comfortable with it—but I 

have kept it at a lower level, or some of them can get very, very mentally frustrated. 

 

Classroom observations and classroom coaching (School 2, Sep 7, 2011; School 4, Aug 13, 

2012; School 5, Sep 13, 2013) confirmed that these difficulties were often related to the 

teachers’ process of skill acquisition in the new pedagogies and their tendency to continue to 

rely on transmission teaching as they repeated directions and provided explanations of 

concepts in an effort to achieve student understanding. 

 

Hypotheses 

• At times, it was necessary to lower the level of cognitive conflict to accommodate the level 

of student thinking (ZPD) in particular classes. 

• Difficulties that teachers initially experienced with lower ability classes were often related to 

their own process of skill acquisition and the tendency to continue to use transmission 

teaching for all directions and explanations. 
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In Schools 2, 3 and 5, students were streamed and those deemed to be ‘lower ability students’ and 

‘not very good at science’ were placed in classes described as the ‘lowest special needs class’ and, 

in one school, described by the acting head of science and their teachers as ‘unteachable’. 

 

For example, in School 3, I was asked to deliver a Year 8 Thinking Science lesson which was to be 

videoed as a reference for the science department. I was unaware that I was working with the lowest 

ability class until after the lesson had been completed: 

 

School 3, field notes, Jun 3, 2011: Low ability students discussed well in groups, were 

responsive and able to justify their thinking. During the lesson all students remained on task. 

I was asked to record the students as they participated by ticking their photograph. All 

participated during the lesson. 

 

School 3, head of science commenting on demonstration class, Jun 3, 2011: The boy who 

was answering all those questions is one of the lowest ability students in the year. 

 

The following year, I was asked to assist three teachers, two of whom were new to the school. All 

had been experiencing difficulties using Thinking Science lessons in their ‘lowest special needs 

class’: 

 

School 3 acting head of science: With the weaker students—like we’ve got a streamed low 

ability class—it’s hard for them. It’s really hard. Those individuals they are not going to 

proceed beyond 3A. 

 

School 3, field notes, Mar 16, 2012: The students were seen as not very good at science. 

When I demonstrated a lesson with this class the students were capable of completing a 

Thinking Science lesson after they had been trained in group work procedures and given an 

opportunity to express their thoughts. Although they were classed as ‘the lowest special 

needs class’ they had scored above average in ICAS interpretation skills. These students 

showed interest in the lesson and in discussing the challenges. The students had not been 

trained in how to work effectively in a group. After receiving training during this lesson, the 

reader in each group was effective and all students participated well in the group 

discussions. 
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Hypotheses 

• Students deemed as ‘low ability’ were able to express themselves well and participate fully 

in a Thinking Science lesson. 

• At times teachers’ expectations regarding student abilities can become a self-fulfilling 

prophecy. 

 

7.2.2.3 Property 3: Using social construction to differentiate cognitive conflict 

Both social construction and cognitive conflict are necessary for the development of cognition. 

Social interaction can create the conditions for students to consider various points of view in the 

process of working through and resolving cognitive conflict (Flavell et al., 2002; Vygotsky, 1978). 

Teachers observed that the level of cognitive conflict experienced varied amongst students and 

therefore some differentiation was necessary. Differentiation was provided by asking open and 

metacognitive questioning during social construction: 

 

School 3 teacher: I also think that Thinking Science lessons do provide massive 

opportunities for deep questioning and within that you can really differentiate your questions 

based on how you frame them. I found it really helpful, in terms of differentiation and 

challenging the full spectrum of abilities in the classroom, that the task doesn’t have to be 

adapted or modified really. You don’t have to have three different resources—it’s kind of 

built in already with the style of questioning. 

 

School 4 teacher: I set the challenge level and see where it gets to. When they get to a level, 

I just try and push a little more. I probably stop pushing earlier with the lower ability than 

the higher ability group. 

 

Hypotheses 

• Teachers were able to differentiate lessons using metacognitive questioning during group 

work. 

• Metacognitive questioning and responses during group discussion [social construction] 

resulted in differentiation for students of all abilities. 
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7.2.2.4 Property 4: Observing issues of literacy during social construction 

Social construction revealed literacy difficulties which were not previously apparent: 

 

School 3, field notes, Jul 2, 2011: There was a discussion about the level of language 

required. Teachers noted that some boys were unable to explain why they were doing the 

lessons.  

 

School 5 teacher: I’m discovering reading comprehension issues in girls who are quite 

bright but don’t read well. [They have difficulty] understanding the questions. I have 

discovered this only because I’ve asked them, “So what do you think was the problem or 

why didn’t you get that one right”. Not understanding the actual question has been a huge 

part of why they don’t like what they’re doing, or don’t get it, whereas when you’ve made 

them sit in the threesomes and read it together, it’s a very powerful way to make sure that 

they understand these questions. 

 

Other teachers noticed an improvement in students’ ability to express their thinking and 

understanding as a result of group discussion in Thinking Science lessons: 

 

School 2 teacher: The positive things are that they have regularly started to use the language 

of thinking more. They struggled with thinking. [Now] they are much more likely to talk 

about what was happening in a very sort of ‘I’m really thinking about this’ kind of way. 

 

School 4 teacher: Students are more independent in writing down their ideas/thinking 

process—excellent experience for learning science. 

 

School 5 teacher: [Thinking Science] makes them see patterns and then develop that mindset 

for linking a pattern to some language they have learnt. For example, variables and their 

relationships can be explained. 

 

Hypotheses 

• Student-centred learning such as social construction exposed student difficulties with 

literacy, such as comprehension and oral expression, which were not apparent in classes 

when only a teacher-centred pedagogy such as transmission teaching or rote learning were 

used. 



257 
 

• At first, it was challenging for some students to express their thinking and understanding. 

• Social construction developed the students’ ability to think and express thinking using 

scientific terminology.  

• Students, unused to thinking critically about their ideas, struggled at first but with practice, 

they developed the ability to express and question their own thinking and the thinking of 

others. 

 

7.2.2.5 Property 5: Creating inclusive whole class discussion 

An inclusive class discussion to consider the ideas from each group was used at the conclusion of 

each Thinking Science lesson. These discussions were only successful in safe classrooms in which 

both teacher and students listened to and respected the attempts of others to respond to intellectual 

challenges: 

 

School 2 teacher: I found it challenging, initially, organising myself to set up the group 

structure and running a lesson without hands-up. The waiting for an answer is hard. 

 

School 3, field notes, Oct 26, 2011: I observed Jerry and Sam’s classes. They both 

experienced difficulties using inclusive class discussion—listening to student responses, 

using open and metacognitive questioning, wait time and referring partial answers to other 

students to develop the discussion. 

 

Hypothesis 

• Teachers were not aware of the skills required to develop an inclusive whole class 

discussion—using no hands-up, wait time, open metacognitive questioning and partial 

answers to develop a discussion. 

 

With time and practice, teachers began to observe improvement in whole class discussions: 

 

School 3 teacher: The same questions that I’m asking as I went around the groups will come 

up again at the end during the whole class discussion. You can kind of manipulate these 

questions that come up for class discussion to take it where you want it based on the 

responses you’ve got from individual groups. You can identify misconceptions and address 

them as a whole class, which is nice. 
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School 4 teacher: [I find that] the techniques of getting students to add to someone’s answer 

if they can’t verbalise it themselves [to develop a class discussion], as a system, works well. 

 

School 5 teacher: One difference is that when the group has solved [a problem] they don’t 

anoint a leader to tell the answer. [The teacher] can actually choose anyone from that group 

to answer it. That gives the responsibility to the whole group. I was very bad at doing that. I 

[used to] let the girls [anoint a leader]. 

 

Hypotheses 

• Teachers became aware of how to use individual student responses to build a class 

discussion about the concepts they are teaching. 

• All students took responsibility for the clarification of ideas as they participated in a whole 

class discussion. 

 

7.2.3 Sub-category 3: Experiencing challenges during the implementation of Thinking Science 

Many of the teachers began the professional development and implementation of the intervention 

on a positive note. As time went on, in addition to the lack of unity of vision in each school, all 

teachers experienced other challenges as a result of the paradigm shift in pedagogy required. The 

following properties consider these challenges. 

 

7.2.3.1 Property 1: Changing from an ‘instruction’ approach to a ‘thinking’ approach to 

teaching and learning 

When delivering an ‘instruction’ lesson (see Chapter 1, p. 16, Table 1, Comparison of Instruction 

and the Thinking Science Intervention), teachers aim to ensure that students have understood 

particular concepts when they leave the classroom. Thinking Science lessons are different as their 

aim is to stimulate the development of student cognition and make student thinking explicit or 

‘visible’. This provides challenges for teachers: 

 

School 3 acting head of science: I had the impression that teachers were finding it difficult 

not to teach the concepts. They had difficulty understanding the concept of getting students 

to think things out in the class. 
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School 4 teacher: That’s something I had to learn, that you helped me with, in the classroom 

with Thinking Science that they didn’t have to get it. [The process of thinking about it was 

important]. They could walk away not having ‘got it’. 

 

School 5 teacher: I taught the lessons on variables and made sure they understood it. You 

could spot those girls who understood it and those that didn’t. Then there are some, who 

didn’t get the logic some of the other girls had but, no, they’re left hanging up there now … 

I’m not going to take them aside and nail them down on it. It’ll come up again, I guess. But 

they are left with that not mastered—but I think that’s OK. 

 

School 5 teacher: Difficult—it was very tempting to guide students to the correct answer—

also very tempting to want to reinforce ideas with numerous examples before moving on. 

Students are used to being told the correct answer. 

 

School 5 teacher: The highlight for me is seeing them push to put their thinking into 

words—which I don’t do at all. I jump in and tell them how to say it. 

 

Hypotheses 

• Teachers initially found it difficult to change their pedagogical approach from instructing 

students, answering questions about the concepts and making sure students understood the 

concept. 

• Some teachers initially had difficulty understanding the Teaching Science pedagogy—

getting students to think about concepts and clarify them using social construction. 

 

Students also had to learn the differences between an ‘instruction’ lesson and a ‘thinking’ lesson. 

They had to learn the different expectations of Thinking Science lessons and how to respond: 

 

School 2 teacher: Students are very demanding at this school, really demanding. They need 

to ask you. They want to ask you questions even if you say you shouldn’t necessarily be the 

one they should be asking for answers all the time. 

 

School 2 teacher: My students didn’t respond as well as I was hoping. The two-week period 

between lessons was too great for them to make the connection. The contrast between 
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Thinking Science and their regular lessons seems meaningless to them [as they don’t 

connect] the two. 

 

School 3 teacher: Kids see [Thinking Science] as working towards a skill. Some boys have 

engaged with it.  Some students have refused to engage as they have a mindset … they want 

to learn by rote. 

School 3 teacher: Because [Thinking Science] is something different from the normal 

lessons … It doesn’t necessarily mean that they understand everything but they like it 

because they think they’ve got more freedom to actually come up with their own ideas. 

 

School 3 teacher: Some very creative boys and very quiet boys thrived. Students enjoyed the 

lessons and were positive about it. 

 

School 4 teacher:  Some lessons were difficult for a number of students who became 

frustrated by the end of the lesson. Their maths skills were not good enough for lessons 

involving ratios. 

 

School 5 teacher: Maybe they see [Thinking Science] as more challenging. They struggled 

with thinking. 

 

Hypotheses 

• Some students experienced frustration and difficulties changing from transmission teaching 

and rote learning to a thinking approach to understanding concepts. 

• Some students enjoyed Thinking Science and are positive in their approach whilst others 

struggle with the expectation of having to think about concepts in class and the challenges 

this creates. 

• Some students felt insecure about the change from rote learning. Others found learning 

through discussion and thinking very challenging, whereas others were positive about the 

change and thrived. 

 

Over time, teachers reflected on their own challenges and progress using a new pedagogical 

approach:  
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School 2 teacher: [Thinking Science lessons] are definitely challenging for me and for them. 

The two extra things are all about the teacher getting organised to deliver it the best you can 

and how you are going to put it together so it goes well. 

 

School 3 teacher: Thinking Science has taught me new [pedagogical] skills … I think 

sometimes it’s very hard when you have an objective [that] you want the students to know 

or learn by this point in time and not to push them in that direction. I had to learn to sit back 

and let them make their mistakes and not necessarily rush to correct or direct them. I think 

that’s very useful … I feel it’s good.  

 

School 5 teacher: I kept saying, “It doesn’t matter what the answer was, it’s what did you 

think or how you are going to plan it out. Show me how you would actually plan out your 

answer. [Previously] I would probably just ensure that idea was covered and make sure they 

all ‘got it’. 

 

Hypotheses 

• Teachers continued to experience challenge and difficulties, such as preparing lessons, not 

pushing to ‘cover’ concepts, in the process of learning the skills of Thinking Science 

pedagogy. 

• Teachers learnt to emphasise the importance of the thinking process and to allow students to 

make mistakes and modify their thinking as they thought through concepts. 

 

7.2.3.2 Property 2: Understanding the concepts on which Thinking Science lessons are based 

Teachers mentioned that some of the concepts on which the Thinking Science lessons were based 

were difficult to understand and that it took time to understand them and prepare each lesson so that 

it ran smoothly in their classes, e.g., ratios and proportion. To assist, teachers were sent outlines of 

the concepts used in each lesson as a quick, initial reference (see Appendix D) and several lesson 

plans to demonstrate how to plan a Thinking Science lesson which could be used in a class (see 

Appendix E): 

 

School 1 teacher: Sometimes the way the teachers’ handbook is written can be quite 

confusing or abstract. [It has] big, big words and over complicated language in teacher 

directions. I read it three times and I didn’t get it. 
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School 4 teacher: The teacher manual and the lessons are quite detailed and not always 

presented in a way that you can sort of pick it up and run with, [as] we teachers like to do. I 

think you really do have to sit down and read them and make sure that you understand and 

make notes. So I think from that perspective it can be quite time-consuming … 

 

School 5 teacher: This is the thing I found with Thinking Science. I really wouldn’t 

understand from the written page what was going to happen in the lesson. And then I’d start 

it and I’d teach it and then I’d think, “Yes, I can see now they’re getting it”—and I got really 

excited about it. 

 

School 5 teacher: The first one I did with them I didn’t understand myself or I didn’t know 

the point of it—growing bean seeds and then we didn’t do it quite right. It was a sort of a 

mess. 

 

Hypotheses 

• Teachers found some of the concepts, on which Thinking Science lessons are based, difficult 

and time-consuming to understand. 

• Initially, teachers did not expect to have to think a great deal themselves when they first 

prepared a Thinking Science lesson. 

• Initially, teachers did not expect to spend time thinking about the concepts in the lessons or 

the pedagogy on which the lessons were based. 

• Quite a number of teachers found that some of the concepts on which Thinking Science 

lessons were based such as ratio and proportion, probability and sample size were difficult 

to understand and, in their view, belonged in a mathematics rather than in a science class. 

 

7.2.3.3 Property 3: Preparing lessons 

After eight months of implementation, School 3 teachers said there was too much lesson 

preparation, the lesson outlines were too complicated and they did not like to be out of their comfort 

zone (School 3, field notes, Oct 26, 2011). This view was also expressed by other teachers: 
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School 1 teacher: Lessons have been lengthy to read through. We have had a lack of 

preparation time to read the teacher handbook thoroughly. Often lessons require more 

briefing on practical things such as equipment set-up. 

 

School 4 teacher: I sometimes put it off because it takes time to prepare to do the lesson 

successfully … I think it’s time-consuming to get your head around it at first. 

 

School 4 teacher: [We need] time to pre-read and trial activities. I think you really do have 

to sit down and read [the lesson in the teachers’ manual] and make sure that you understand 

it and make notes and so I think, from that perspective, it can be quite time-consuming in 

that you have to pull out the particular questions. 

 

School 5 teacher: I’m willing. I can see potential benefits so I am happy to persist and learn. 

Often the rush and reality of the normal teaching day does not really allow for the 

preparation that would ensure the ‘best lesson’. 

 

School 5 teacher: Thinking Science needs preparation by the teacher. It has to be read in 

detail. 

 

Hypotheses 

• Teachers found that they needed more preparation time to read, understand and trial lessons 

thoroughly, to consider questions and ensure that equipment was set up correctly. 

• Teachers found lesson preparation time-consuming and, in the day-to-day reality of their 

work, they found that they did not have the time to do this. 

• Teachers needed time to review past lessons and prepare future lessons as outlined in the 

Thinking Science professional development directions. 

 

7.2.3.4 Property 4: Using lesson time effectively 

Teachers in each school experienced difficulty managing lesson time. Each Thinking Science lesson 

is planned for a period of one hour. In most schools only around 50 minutes were available. The 50 

minutes for each lesson were cut by five to ten minutes as students arrived and spent time settling 

down and preparing for the class. Thus, in addition to learning new pedagogical skills, teachers had 

to improve their time management skills so that concrete preparation and data collection, which in 
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traditional lessons can take up most of the time, used only enough time to fulfil their purpose. The 

expectations of students also had to change in this regard. With improved time management skills 

by both teachers and students, it was possible to use most of the lesson for group and class 

discussions related to cognitive conflict: 

 

School 3, second Thinking Science professional development day, 29 Jul, 2011: Several 

teachers found the first lesson very hard. It was so long. They had to introduce the Thinking 

Science intervention to students, followed by Lesson 1. Teachers were disgruntled that 

Thinking Science lessons were difficult to fit into their 45-minute periods. The lessons all 

take too long ... [so far]. 

 

School 3, after school meeting, 10 Nov, 2011: Teachers commented that they have only 

single periods, they never have a double. This makes it difficult for them to complete a 

lesson. 

 

School 4 teacher: The logistics of how they get their folders, little practical things, routines 

and procedures, take time to put in place. 

 

School 5 teacher: It’s a bit frustrating because we have 52-minute lessons. I think the most 

overwhelming thing is that we don’t have the time. That really important part when you’ve 

got the groups saying, “Why do you think that?” That’s cut short ... So there’s that feeling of 

letting them down because we don’t have time to do that all the time and end up going, 

“Well that’s the answer”—which I know you’re not supposed to do ... All the good stuff is 

at the end in that last ten minutes we don’t have. Sometimes we leave out things so that I can 

get through it. Even using timing, all the good stuff is at the end. 

 

School 5 teacher: I have no complaints about the program but I’d like someone to rewrite it 

into 40-minute lessons—seriously I think. We have 52 minutes but by the time you get them 

in there I think it’s a 40-minute lesson. If it’s a 60-minute lesson for us it would need to be a 

70-minute lesson. 

 

Hypotheses 

• Teachers experienced difficulty delivering Thinking Science lessons planned for 60 minutes 

in 40–45 minutes. 
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• Delivering Thinking Science lessons was initially difficult as teachers were learning new 

skills as well as introducing the concepts and pedagogy on which Thinking Science is based. 

• Teachers found that there were small routines, such as students collecting their folders, 

which took time to organise. 

• Teachers found that, initially, they ran out of time in Thinking Science lessons and were 

forced to cut short social construction and the final class discussion. 

 

7.2.3.5 Property 5: Fitting Thinking Science lessons into the mandatory syllabus 

Teachers from each of the schools commented on the difficulty they experienced attempting to fit 

15 additional lessons into both Years 7 and 8 when the mandated syllabus was very full and time for 

teaching its outcomes was already in short supply. Schools were provided with an example of how 

Thinking Science lessons had been and could be programmed into a science syllabus (see Appendix 

F): 

 

School 2 teacher: Thinking Science has fitted in well with other elements of the program—

no problems. Everyone is keen and on board (August 2013). It’s hard to fit Thinking Science 

into the school year. 

 

School 5 teacher: The trouble is that balance between trying to cover our NSW syllabus plus 

do Thinking Science when the content in the syllabus is still huge. 

 

School 5 teacher: When we are doing Thinking Science, less lessons are available for our 

(mandated) science programs. It interrupts the flow of the programs. 

 

Hypothesis 

• It was difficult to find the time to deliver Thinking Science when teachers were working 

with a mandated syllabus. 

 

In schools, teachers tried to overcome the difficulty of fitting in Thinking Science lessons by 

matching the subject matter of Thinking Science lessons with related programs which they were 

already teaching, such as experimental design and classification: 
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School 3 acting head of science: The classification one runs so smoothly because they’ve 

got classification in the syllabus. I think we could look at doing some of the activities within 

the context of a specific topic like in Year 7 we’re doing something on motion and forces. 

We could take those activities which involve the motion of a marble, the spring and things 

like that and put them there … This means you might have to skip some and come back to 

them later. 

 

School 3 acting head of science: There’s the one with viscosity which we modified for our 

use when studying liquids, solids and gases. And just introduce it there without even telling 

them this is going to be special. 

 

School 4 teacher: Some have said, “Can we incorporate it into our programs so that the right 

lessons pop up at the right time and get reinforced by the content?” We’ve had quite long 

discussions about that—whether that would be good and it might reinforce concepts. 

 

School 5 teacher: Well before [we did the classification unit]—I know that you’re supposed 

to teach it independently—I would make sure [the classification lesson from Thinking 

Science] was done before I started to do classification. I think it would [shorten the 

classification unit]. 

 

Hypothesis 

• Teachers considered that more Thinking Science lessons could be accommodated in the 

mandatory syllabus if they were paired with related topics such as classification and 

experimental design, for example. 

 

In some schools, teachers suggested that new programs could be written to accommodate the 

Thinking Science lessons: 

 

School 4 teacher: [The problem of fitting in the lessons] should ease as we write new 

programs for the National Curriculum. 

 

School 4 teacher: If it was written into the program, or we had an allocated time, then we 

would have got through more lessons. 
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School 5 teacher: In my mind what I want to do as we are rewriting the whole course again 

[for enquiry science in the National Curriculum] is to pick the Thinking Science lessons that 

are really good because of the examples they give … so [the students] do the Thinking 

Science as an introduction to the problem-solving unit. 

 

Hypothesis 

• Some teachers considered that Thinking Science lessons could be written into programs 

based on the Australian National Curriculum (ACARA, 2014b). 

 

Another possible solution suggested was to remove some things from the current programs or 

rearrange them so that Thinking Science could be accommodated: 

 

School 2 teacher: We have also rearranged our topics next year to make space for it. We had 

to think about the time Thinking Science was going to take out of the regular program so we 

had to put it in on top of everything else we do—I mean that was a problem. You might flag 

this with people who want to do Thinking Science—what are they going to take out of Years 

7 and 8 to make time for it. 

 

School 4 teacher: We’ve enjoyed being involved in Thinking Science. We need to rearrange 

topics. We need time to take somethings out of the year. The problem is what to take out. 

 

Hypothesis 

• Some teachers considered removing material from existing programs in order to 

accommodate Thinking Science in the mandatory syllabus. 

 

Teachers mentioned that if they were under pressure to complete assessments or go on excursions 

Thinking Science lessons were likely to be excluded. Allocating the lessons at particular times in the 

science programs was suggested as a possible solution to this: 

 

School 3 teacher: We’re hoping to have Thinking Science once per cycle so that at least 

every fortnight there’ll be one skills lesson taught in Year 8. 
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School 5 teacher: We would like to [pair up Thinking Science with particular lessons] rather 

than take it out and fit it into one lesson a week or one lesson every fortnight. When we are 

getting ready for an assessment we don’t do it or [when] there’s an excursion we don’t do it. 

 

Hypothesis 

• Some teachers tried to plan a Thinking Science lesson once per cycle but this is often not 

possible because of the time removed from teaching time for excursions, assessments and 

other school activities. 

 

7.2.3.6 Property 6: Feeling overwhelmed 

Teachers often felt overwhelmed when they tried to include Thinking Science in the two hundred 

hours allocated to teach the mandatory science syllabus in NSW in Years 7 and 8. The two hundred 

hours were indicative only, and included the many interruptions in school life such as excursions, 

assessments and other school events: 

 

School 2 teacher: It is easy to become overwhelmed by other lessons so it’s good to keep to 

a schedule. It’s easier the second time around and when we have all the equipment. 

 

School 2 teacher: I think just sometimes the burden of the volume means that sometimes 

you find you end up telling and not teaching because I’ve got three more periods and there’s 

this exam business. We don’t have time for you to work it out for yourself. 

 

School 4 teacher: When you are under a lot of pressure setting and marking exams it 

becomes a lot to do a Thinking Science lesson. I tend to put it off until I’ve got enough time 

to prepare for it, you know, properly. 

 

School 4 teacher: Restrictions in terms of time, syllabus and administration also impact on 

the implementation of these lessons. We have an already busy curriculum and lots of 

interruptions to the year with excursions et cetera, so time in the classroom is also limited in 

that way.  

 

School 5 teacher: It is difficult to try to implement Thinking Science along with all the other 

things we have to do. Thinking Science gets pushed out by excursions and assessments. 
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Hypotheses 

• It was easier for teachers to implement Thinking Science lessons once the pedagogical skills 

had been learnt and all the equipment had been prepared. 

• Teachers were always under pressure to ‘cover’ the mandatory syllabus, set and mark 

assessments, prepare and go on excursions. Thus, preparing Thinking Science lessons and 

learning new pedagogy created a lot of additional pressure and work. 

• Teachers reverted to transmission teaching to ‘get through’ the syllabus in time for 

examinations. 

• Without unity of vision, effective collegiality, classroom coaching, planning and the 

provision of time, it was difficult to integrate Thinking Science lessons into the science 

program. 

 

7.2.3.7 Property 7: Working with laboratory assistants 

Laboratory assistants, in each school, were primarily responsible for making or purchasing most of 

the equipment required for each of the 30 lessons. They often assisted in printing Thinking Science 

lesson material for the teachers and were involved in providing storage and easy access to the 

equipment for each Thinking Science lesson. However, none of the schools included the laboratory 

assistants in the Thinking Science professional development process or decision-making. In each 

school, they carried out their duties with no understanding of the wider purpose of their work. 

 

Each school employed the equivalent of at least one full-time laboratory assistant. In some lessons, 

little equipment was required; in others preparation was often challenging and time-consuming: 

 

School 4 teacher: It’s quite a lot of work for lab staff. It was a lot of reading for them. It was 

a lot of trying to figure what equipment was needed. Sometimes they changed what was 

needed because of the convenience of what they could get and what they produced didn’t 

work. Then they got really upset because they’d spent hours and hours creating it but they 

had inadvertently introduced extra variables into it and this confused the kids. 

 

School 4 teacher: It’s a huge demand for lab staff at first, a huge workload. 

 

Teachers were generally aware of the large amount of time and effort required to gather and 

assemble the equipment required for each of the 30 lessons: 
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School 4 teacher: If there was a relatively cheap set of equipment that could be bought, even 

just for the introductory lessons until everybody got used to it, it would probably help. 

 

During the investigation, I supported laboratory assistants with lists of the required equipment and 

how to access it. The following is an example of the emails sent to each school over the two years 

of the intervention: 

 

School 1, email from researcher to head of science, Mar 15, 2011: I also met Vivian, your 

lab assistant. We have exchanged contacts and I will send her one or two addresses I have 

that could be helpful. 

 

School 2, email from researcher, Mar 25, 2011: Attached are photographs of the equipment 

for Lesson 5 – Roller Balls and Lesson 19 – Choice Chamber (with the woodlice). We used 

mealy worms bought for $15/1000 from Southern Biological; Lesson 26 – The Pressure 

Mushrooms. You won’t need some of these for a while. 

 

School 3, from researcher, Aug 2012: ... I will bring track for Lesson 5. Some schools are 

having difficulty accessing suitable track. I have a very nice one you can have gratis from 

Bunnings. It works very well. 

 

Hypotheses 

• Understanding the equipment required, sourcing and preparing it was very demanding and 

time-consuming for laboratory assistants. 

• Laboratory assistants were not included in any aspect of the professional development 

although their work and understanding were essential for the implementation of the 

intervention. 

• A cheap, ready-made set of equipment for the first five lessons would assist both teachers 

and laboratory assistants to get started with the Thinking Science intervention. 

• Laboratory assistants could be supported with information about where to source material 

and how to make some of the equipment. 
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In some schools, teachers were not actively supported by the laboratory assistant and had to prepare 

equipment for themselves. One school had employed a university student rather than a qualified 

laboratory assistant: 

 

School 2 teacher: To be honest ... we are struggling to get organised with the equipment—

having to try and get it ready just before lessons. We haven’t had a lot of support from the 

lab assistant and as the year goes on it becomes overwhelming. 

 

School 2 teacher: We are getting the equipment organised and can source all the equipment. 

It’s easier the second time around and when we have all the equipment. 

 

School 2 teacher: [The new lab assistant] has printed the notes and made a couple of minor 

changes to the worksheets. We are hoping to get spiral bound booklets so we can give them 

out rather than have notes printed off every time for every class. 

 

School 2 teacher: [The new lab assistant] also reminds teachers when they fall behind. 

 

School 2 teacher: Storage is a funny problem—one thing you don’t think about when you 

start with this. If you want it around and don’t want to be putting it together and taking it 

apart you have to put them somewhere—where do you put 30 boxes full of stuff? 

 

School 4 teacher: One out of the two is quite resistant to it all—she couldn’t see the value of 

Thinking Science. She did not agree that science should be taught in this way. 

 

School 4 teacher: If I didn’t have the lab assistant to prepare all the materials and have it 

ready—all I need to say is, “I’ll have Lesson 4”, and it appears”—it would be challenging. 

 

Hypotheses 

• Teachers were aware of the significant increase in the workload of laboratory assistants as 

they prepared and stored each of the 30 Thinking Science lessons. 

• An active, cooperative laboratory assistant was essential for the success of the Thinking 

Science intervention. 
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• All schools experienced some difficulty sourcing, preparing and storing suitable equipment 

for Thinking Science lessons. 

 

7.2.3.8 Property 8: Discussing levels of use 

The Thinking Science intervention required teachers to deliver 15 lessons in both Years 7 and 8. 

Each school experienced difficulties achieving this required level of use. All schools began the 

process in a spirit of optimism and enthusiasm:  

 

School 2, field notes, May 11, 2013: The head of science thinks that in five years’ time it 

will be a different story and teachers will have completed the required number of lessons in 

that time as they become fluent in the pedagogy and as the equipment is more readily 

available. 

 

However, as problems arose, this optimism faded in each of the schools. Table 7.1 summarises the 

level of use of Thinking Science lessons in each school during Years 1 and 2 of the intervention. 

The first column shows the number of each school. The second column shows the number of 

lessons taught by teachers at each school in Year 7 during the first year of the intervention. The 

third column shows the number of lessons taught in Year 7 during the second year, and the fourth 

column shows the number taught in Year 8 during the second year. In the table, the number of 

Thinking Science lessons is expressed as the range, as some teachers in each school delivered more 

lessons than others. For example, in School 2, in the first year three teachers used the lessons and 

two did not. 

 
Table 7.1 

Level of use of Thinking Science lessons in each school 

Level of Use in Each School 

School During Year 1 
Year 7 

During Year 2 
Year 7 

During Year 2 
Year 8 

2 7 n/a n/a 

3 6 7 6 

4 2 to 10 2 to 8 0 to 6 

5 4 to 10 4 to 10 3 to 4 
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The level of use in all the schools over the two years of the intervention was not high. No school 

taught the 15 lessons allocated for both Years 7 and 8. Teachers and heads of science described the 

fluctuations in the level of use in each school: 

 

School 2 teacher: It has drifted a little bit at the end of the [first] year. We are going to have 

to invigorate it at the beginning of the year. We were doing it regularly. We haven’t been 

doing it regularly over the last few weeks. We need the time it really requires to do this 

properly. We’ve made a start. 

 

School 2 head of science, beginning of the second year of professional development: We’ve 

just started thinking about CASE—it takes a while to get Year 7 settled in—they have so 

many new routines including the use of the laptops that we decided to start them off [on 

Thinking Science] a bit into the term. We have two teachers who aren’t doing it at all. 

 

School 4 head of science: Last year’s Year 7 got through about ten. [This year)] we’ve had a 

bit of a hiccup with Year 7. We didn’t push it hard enough in Term 2 but the Year 7s are 

picking up now. They’ve only done a couple [by August after 20 weeks of teaching]. It 

should have been more [nine or ten]. I am trying to fit more in. 

 

The level of use was also influenced by a lack of planning for sustainability when new teachers 

came to the school. No professional development was available for new teachers: 

 

School 3 acting head of science: There were those that embraced it whole-heartedly 

including myself when I did it last year. Then because we’ve had a lot of staff turnover this 

year (the two newer teachers) were a little bit puzzled by it because it’s something they’re 

not used to. They can’t see what it has to do with science. 

 

School 4 teacher: There are two of us leading the process. There is no leading from the head 

of science. 

 

School 5 teacher: It has been more difficult [to organise] as we have had a lot of illness in 

the staff. Some teachers did Thinking Science last year but not this year. Continuity has been 

a little bit tricky due to our staff situation. Replacement staff don’t understand it. 
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School 5, email from head of science, Oct 10, 2013: We are falling behind in the program in 

Year 8. Could you please recommend 4–5 of the activities of Lessons 17–24 that teachers 

should attempt this term. 

 

Hypotheses 

• The level of use was low in all of the schools. 

• Without any planning, schools began to drop behind for reasons such as lack of time, other 

demands on teachers’ time, staff illness, changes in staff and a lack of planning for 

sustainability. 

• Schools did not provide professional development for new staff in the school. 

• In some schools, the head of science did not actively support the intervention. 

 

As schools fell behind their expected level of use, some possible remedies were suggested: 

 

School 3 acting head of science: Because now in Year 9 we’re going to have more lessons 

per cycle, we can finish the whole program. We’re still not finishing it in Year 8 but it 

doesn’t matter as it would be like a refresher for when they do it in Year 9. 

 

School 4 teacher: For our school—we’re not fully into the lessons. There are still more to go 

so I think we’ll try and continue it on into Year 9. [We’ll try to do the whole 30 at some 

stage. After almost two years, we are up to Lesson 12]. 

 

Hypotheses 

• The level of use over a two-year period was not high. 

• Some schools considered extending the program into Year 9 in order to complete the 

lessons. 

• Schools dropped behind owing to a lack of unity of vision and involvement in the 

intervention by heads of science and some teachers. 

 

By the end of the two years, in all the schools, very few teachers were using Thinking Science 

lessons: 
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School 4, field notes, Feb 15, 2013: By February 2013 there was one teacher on board. The 

new teacher plus Marion, who were previously involved, are now committed to direct 

instruction. The other teachers are not doing it. There has been a very low level of use. 

 

School 4 teacher, Dec 2012: No-one is responsible for the implementing of Thinking 

Science. Two teachers have taken it on board. One has printed the notes and made a couple 

of minor changes to the worksheets. She is one of the teachers who has helped to implement 

it. 

 
School 5 teacher: I had completed three Thinking Science lessons with Year 8 by August 

2012. Thinking Science hasn’t fitted in with all the other things I’ve had to do. I was in 

charge of putting Thinking Science into Year 8 for everybody involved. Then the head of 

science insisted that they change text books so I had to write a new program to go with the 

new text book because it’s silly to have a program that fits with another book. It is hard to 

cover the NSW syllabus and also do Thinking Science. Thinking Science is a hassle with all 

the other programming. No one wants to do Thinking Science on top of the changes in 

programs (due to the National Curriculum). 

 

Hypotheses 

• By the end of the second year, there was a low level of use in all schools and a low level of 

commitment by science teachers and heads of science. 

• Owing to the lack of unity of vision in relation to the implementation of Thinking Science, 

other initiatives, such as a change of text book and writing programs for the new National 

Curriculum, further disrupted attempts by a few teachers to implement the intervention. 

 

7.2.4 Sub-category 4: Reflecting on how classroom teaching changed as a result of the 

Thinking Science intervention 

 

7.2.4.1: Property 1: Commenting on the first four lessons 

Most teachers, when asked, limited comments about their experiences of Thinking Science to the 

first four lessons. The cognitive conflict in these lessons was related to the concepts of variables, 

values and relationships between variables. Teachers viewed an understanding of these concepts as 

‘science skills’ which, in the majority of teachers’ experience, had been difficult to teach to students 
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at every level, from Year 7 to Year 12. Teachers, when asked about the impact of the Thinking 

Science intervention on Year 7 students commented: 

 

School 2 teacher: The students do better in the Thinking Science classes on variables. They 

have learnt some of the things to say about variables and the techniques of really looking at 

something and thinking. 

 

School 3 teacher: Assessment questions about variables are being answered in a much more 

mature and knowledgeable way so I’m pretty sure there’s been a pretty big impact there. 

 

School 3 teacher: One positive thing is that you get students used to using the terminology 

[in different contexts] with something truly scientific like an experiment. I think that’s one 

of the most useful things I find with Year 7. That side of things has definitely got better in 

regular lessons. 

 

School 3 acting head of science: Well, the benefits are that they are getting used to 

experimental design and from experimental design comes deductions, graphing, 

relationships and all that. 

 

School 4 teacher: From my observation—I have a Year 7 class twice a fortnight and when I 

talk to them about that [variables and relationships] they seem to have a much better 

understanding than previous years, although some are still confused. 

 

School 4 teacher: Some students have improved their understanding of variables and how to 

write a hypothesis. 

 

School 4 teacher: The students seem more confident in doing open-ended experiments. 

[They have a] good understanding of scientific method. 

 

School 4 teacher: The students have a strong understanding of a fair test, and myself [I do 

too] and students enjoy a different way of learning. 
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School 5 teacher: They ‘got it’ and I had the bottom group at that stage and they totally 

understood [variables, values and relationships between variables] so I had a really positive 

feeling about it. 

 

School 5 teacher: Not necessarily all of [the students understood] but at least I knew that 

they had been exposed to it and had thought it through and had discussed it with each other. 

I think we noticed when we did the Science Fair at the end of the year they were really clear 

on controlling variables and fair testing and those things compared to when we’ve done 

Science Fair before in Year 8. 

 

School 5 teacher: I teach things I didn’t bother to teach before such as the explicit teaching 

of variables, making it a whole lesson using really simple experiments and making sure they 

understood it. We teach fair testing and variables every year. Thinking Science makes it a 

very special subject—it makes them think it through. 

 

Hypotheses 

• Most students in Year 7 had a good understanding of variables, values of variables and the 

relationships between variables after completing the first four Thinking Science lessons. 

• Most students in Year 7 understood how to carry out a fair test and had a good 

understanding of dependent and independent variables, the control of variables and how to 

write a hypothesis. 

• Some teachers noticed an improvement in student logic and reasoning. 

• Some teachers noticed an improvement in student discussion and their ability to support a 

point of view. 

• Some teachers noticed a deepening of students’ knowledge of content and skills. 

• Some teachers noticed that students could fulfill a role in a group effectively. 

• The first four lessons demonstrated the underlying ideas related to variables and their values, 

relationships between variables and their graphical representation, control of variables, 

hypotheses, and structured group work. This was an excellent introduction to Thinking 

Science for teachers and students; however, teachers, excited by the improved understanding 

of their students, viewed Lesson 1–4 as ‘science skills’—and most were unable to move on 

from this.  
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Teachers, particularly in School 3, found that science students in Years 11 and 12 also benefitted 

from the first five Thinking Science lessons: 

 

School 3 acting head of science: Well, the benefits are that they are getting used to 

experimental design and from experimental design comes deductions, graphing, 

relationships and all that and they carry it right through [to] Years 11 and 12. [In Years 11 

and 12 students] are really very unsure about some of those ideas even when they see them 

in the HSC. 

 

School 3 teacher: Most teachers find Thinking Science quite useful for seniors who still can’t 

get [independent and dependent variables]. 

School 4 teacher: [The way I teach] scientific method, using input and outcome variables 

and variables to keep constant [has changed]. 

 

Hypothesis 

• Some teachers used information from Thinking Science lessons to teach Year 11 and 12 

students aspects of experimental design which, over the years, some had difficulty 

understanding—variables, values, dependent and independent variables, the control of 

variables, relationships between variables and the graphs of those relationships. 

 

7.2.4.2 Property 2: Adoption of Thinking Science pedagogy 

Teacher’s experiences implementing different aspects of a Thinking Science lesson are recorded in 

this section. 

 

Some teachers and students became more fluent in the skills of running a group effectively: 

 

School 3 teacher: I like the group collaborative work—the group roles—that’s something 

I’ve been using a lot more outside the classroom and using a lot more, I think, more 

generally. 

 

School 3 teacher: [Thinking Science] has given me ideas for group work and introducing 

new ways to present variables. 
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School 4 teacher: I have learnt how to run a group and class discussion with no hands-up 

questioning, wait time and giving students time to process information. These skills will 

carry over into other classes. 

 

School 4 teacher: [Now I am] not giving students the answers to questions but, rather, trying 

to give them time and space to find out the answers [for themselves]. 

 

School 5 teacher: The lessons are different—trying to be less teacher-centred and allowing 

more student discussion. [The students] work in small groups based on doing rather than 

being told all the time. 

 

School 5 teacher: [Changes in my teaching] include better questioning skills. I will be more 

conscious of asking questions in an open-ended way. 

 

School 5 teacher: [Thinking Science has resulted in] better questioning skills, quieter classes, 

more students contributing to the lesson and a better group work emphasis. 

 

Hypotheses 

• Some teachers learnt how to organise and use group work effectively for social construction 

in both small groups and in whole class discussions using roles, wait time, open questions 

and collaboration. 

• Teachers found that, by using effective group work, more students participated in the lesson 

and this led to less teacher-centred teaching. 

 

Some teachers reported using metacognitive questioning in their classes: 

 

School 4 teacher: I’ve used the group work. I’ve used the metacognitive questioning skills. I 

now present things more from a thinking level. 

 

School 4 teacher: Metacognitive questioning—before this I would ask a question but 

wouldn’t ask, “Why did you think that?”, “Can you explain?”, Can you expand on that?” I 

have definitely carried that over. It wasn’t happening in my classes before Thinking Science. 
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School 5 teacher: I view [the use of challenge and metacognitive thinking] as vitally 

important in the classroom. 

School 5 teacher: So I talk a lot about metacognition now. I talk about it to the girls. So why 

did you do it? Why did you find that easy? What was it that meant that you couldn’t make it 

to the next step so we do a lot of thinking about that … I think that’s probably the thing I’ve 

got out of it is this, “OK so why didn’t you understand it the first time? What stopped you?” 

It’s fascinating. 

 

Hypothesis 

• Some teachers learnt about metacognition—how to ask metacognitive questions and develop 

metacognitive thinking in their classes. 

 

Some teachers commented on how they used bridging by taking the cognitive conflict from a 

Thinking Science lesson and using it in other contexts. This further developed metacognitive 

thinking: 

 

School 3 teacher: I think the good things about the way the program works—they can apply 

the stuff done in one Thinking Science lesson to a massive range of other lessons. Bridging 

is something we’ve gone on and done in normal lessons. 

 

School 5 teacher: When it comes up in the next experiments they do, you make sure you 

refer back to what you did in Thinking Science. 

 

Hypothesis 

• Some teachers developed the use of bridging in their regular lessons and this led to the 

further development of metacognitive thinking. 

 

7.2.4.3 Property 3: Observing the effects on student thinking in the classroom 

Teachers who used Thinking Science lessons the most commented that their students’ thinking in 

regular classes had improved:  
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School 4 teacher: I am amazed at the improvement in logic and reasoning I have already 

noticed informally in these students—they even say, “Ah yes”, now when I say we are doing 

Thinking Science. 

 

School 4 teacher: They have thrown themselves wholeheartedly into the discussions and can 

now support a point of view, so it’s been positive from that perspective too. 

 

School 4 teacher: [Thinking Science] has been beneficial to students as knowledge and 

understanding of content/skills is deeper and they are [now] more comfortable with taking 

risks—it’s great practice in problem-solving. 

 

School 5 teacher: [Some of the benefits have been] training them to think for themselves—

also taking on a role in a group and being responsible for it. 

 

Hypothesis 

• The few teachers who remained committed to the intervention noted that students were able 

to participate in effective group discussions leading to an increase in their ability to think for 

themselves, to understand the content in greater depth and to question and problem-solve. 

 

7.2.5 Sub-category 5: Commenting on effect size 

In this investigation, the effect size provided a measure of the degree to which the Thinking Science 

intervention contributed, over two years, to an increase in levels of student cognition over and 

above any increase which would have occurred without the intervention. 

 

7.2.5.1 Property 1: Commenting on approaches to teaching and the effect size 

The effect size was zero in Schools 2 (girls), 4 and 5. There was a medium effect of 0.5 for male 

students in School 2. This result was directly related to the low level of use in each school. The low 

level of use was directly related to difficulties caused by the manner in which the professional 

development was implemented in each school. This has been discussed in Chapters 4 to 8. 

 

Hypothesis 

As long as the evidence of factors most likely to contribute to effective professional 

development is not well-known and understood by all stakeholders in schools and educational 

bureaucracies, well-researched, evidence-based interventions are most likely to fail. 
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7.3 Conclusion 

The conclusions to Research Question 2 are recorded in Chapter 8. 
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Chapter Eight 

Emergent Theory: Research Question 2 

 
8.1 Research Question 2 

To what extent did teachers implement the Thinking Science intervention in their classes? 

 
The core category related to Research Question 2 was identified as: Teachers implementing the 

Thinking Science intervention. 

 

The core category was further divided into the following six sub-categories and their properties, 

which were used to describe and analyse the responses of teachers as they implemented the 

Thinking Science intervention: 

 

Sub-category 1: Demonstrating teachers’ understanding of the structure of a Thinking 

Science lesson 

Property 1: Using concrete preparation and data collection 

Property 2: Using cognitive conflict: the use of challenge 

Property 3: Developing social construction 

Property 4: Learning to ask and use metacognitive questions  

Property 5: Bridging concepts from one context to another 

 

Sub-category 2: Experiencing aspects of a Thinking Science lesson 

Property 1: Considering cognitive conflict and the more able students 

Property 2: Considering cognitive conflict and the less able students 

Property 3: Using social construction to differentiate cognitive conflict 

Property 4: Observing issues of literacy during social construction  

Property 5: Creating inclusive whole class discussion 

 

Sub-category 3: Experiencing challenges during the implementation of Thinking 

Science 

Property 1: Changing from an instruction approach to a thinking approach to 

teaching and learning 

Property 2: Understanding the concepts on which Thinking Science lessons are based 
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Property 3: Preparing lessons 

Property 4: Using lesson time effectively 

Property 5: Fitting Thinking Science lessons into a mandatory syllabus 

Property 6: Feeling overwhelmed 

Property 7: Working with laboratory assistants 

Property 8: Discussing levels of use 

 

Sub-category 4: Reflecting on how classroom teaching changed as a result of the Thinking 

Science intervention 

Property 1: Commenting on the first four lessons 

Property 2: Adopting Thinking Science pedagogy 

Property 3: Observing the effects on student thinking in the classroom 

 

Sub-category 5: Bridging concepts from one context to another 

Property 1: Commenting on the effect size of Thinking Science in each school 

 

8.2. Core category 2: Teachers implementing the Thinking Science intervention 

 

8.2.1 Sub-category 1: Demonstrating teachers’ understanding of the structure of a 

Thinking Science lesson 

Thinking Science lessons are structured around the five pillars of CASE (Shayer & Adey, 1981): 

concrete preparation including data collection, cognitive conflict, social construction, metacognitive 

questioning and bridging.  

 

8.2.1.1 Property 1: Using concrete preparation and data collection 

Teachers understood concrete preparation and data collection as they noted that it was similar to the 

teacher-centred transmission teaching which was generally used in science classes. Each Thinking 

Science lesson began with concrete preparation which provides a short overview of concepts to be 

studied during the lesson. Teachers initially experienced difficulty keeping concrete preparation and 

data collection short as they were accustomed to using them as the major part of lessons.  
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Most teachers initially experienced difficulty training students, over the range of abilities, to read 

instructions and collect data independently within a given time. These difficulties varied amongst 

teachers causing frustration for some and not others. 

 

Solutions and suggestions 

At the beginning of Thinking Science professional development, teachers discuss and reflect on 

their beliefs about approaches to teaching and learning. 

 

Provide teachers with time and support as they learn to use concrete preparation and data collection 

in a Thinking Science lesson. 

 

Teachers learn how to train students to take roles, work together in a structured group and collect 

data within a given time. 

 

8.2.1.2 Using cognitive conflict: the use of challenge 

As teachers developed the skills of using cognitive conflict effectively, they observed that it 

generated discussion and improved student engagement, and the ability to persevere and think 

through challenges. It also improved communication and social skills. They also observed that 

students enjoyed the mental challenge and that it was beneficial for their learning. The use of 

challenge, or cognitive conflict, took time for both teachers and students to learn with fluency and 

confidence. 

 

Solutions and suggestions 

Support teachers during department meetings to use cognitive conflict in their lessons. 

Provide opportunities for teachers to work with one another to identify cognitive conflict or 

challenge in a lesson and use it as the basis for their lesson plan. 

 

8.2.1.3 Property 3: Developing social construction 

All teachers acknowledged, when surveyed, that they commonly used group work involving three 

or four students during laboratory practical lessons. Most experienced difficulties implementing 

social construction effectively with their students. None of the teachers in any of the schools had the 

knowledge and skills required to teach students how to work effectively in a group: 
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School 4 teacher: I think often in English, and subjects like that, they get the opportunity to 

socially interact and discuss but in science, except in practical work, I don’t think [this] is 

commonplace in [science] classrooms—certainly not with the teachers I’ve watched, or the 

students who’ve come through from the universities. 

 

Teachers listed the following difficulties they commonly experienced during small group work: 

 

• students who dominated discussions; 

• students who refused to participate; 

• one or two students who did all the work; 

• not knowing what had been contributed by particular students; 

• students who did not know what they were supposed to be doing; and 

• groups not completing the assigned task by the end of the lesson. 

 

Teachers were unaware of the skills required by students to enable them to work in small groups 

without these difficulties.  

 

Solutions and suggestions  

Teachers work with students so that all understand:  

• how to use group roles such as: a reader so that all understand what they are to do; 

facilitators who make sure everyone is involved and has a turn to speak; and a timer who 

ensures that the task is completed in the time allocated; 

•  group members sitting closely enough to maintain eye contact; 

•  how to listen actively to other group members; 

•  how to ask open questions; 

•  how to ask metacognitive questions; 

• how to use ‘wait time’ when asking questions; 

• training the group facilitators so that no student dominates, interrupts or fails to participate; 

• working well with those they do not normally interact with; and 

• after three weeks, evaluating the success of the group and discussing the results. 
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8.2.1.4 Property 4: Learning to ask and use metacognitive questions 

Most teachers were not aware of how to ask metacognitive questions or the difference between 

them and closed and open questions. In this investigation, although metacognition was a concept 

which science teachers had heard about, none of the seventeen was able to define or discuss it 

beyond the recitation of the mantra, ‘it’s thinking about thinking’.  

 

Solutions and suggestions 

Ensure that teachers understand the concept of metacognition and why it is important for teaching, 

learning and the development of cognition. Provide examples of metacognitive questions and then 

as teachers to write and ask their own. 

 

Initially, teachers did not have the skills to facilitate small and whole class group discussions by 

using open or metacognitive questioning to promote deeper understanding of concepts, differentiate 

learning, probe and stimulate student thinking, and develop metacognition in students. Learning 

these skills involved a change in teachers’ pedagogical practice from the transmitter of knowledge 

to the facilitator and guide of the learning process. 

 

Most questions asked of students by science teachers were observed to be closed questions. 

Teachers were aware of the need to ask open questions but had not been taught how to go about it, 

nor how open questioning was related to metacognitive questioning, or how to use this approach to 

probe student thinking. Although the use of open and metacognitive questioning remained one of 

the most significant challenges, with practice, many of the teachers developed these skills and 

reported their success. 

 

Solutions and suggestions 

Provide opportunities for teachers to practice using metacognitive questioning in group and class 

discussion. 

 

Ask teachers to suggest open questions which could be used as metacognitive questions, thus 

increasing students’ awareness of their own thinking in areas of knowledge, planning, justification 

and the evaluation of ideas. 

 

8.2.1.5 Property 5: Bridging concepts from one context to another 
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Teachers were generally aware of the importance of teaching in context to engage students and 

assist in their learning. Bridging is a process which extends thinking from one context to another. 

During this process, students reflect on their thinking in one context and then, through the use of 

identical reasoning patterns, relate it to another context. This raises their awareness of how they are 

thinking and, thus, bridging contributes to the development of metacognition. Prior to the 

intervention, bridging had not been used by teachers and they did not connect it to the development 

of cognition and metacognition. 

 

Solutions and suggestions 

Teachers learn how bridging contributes, as a key element, to the development of metacognition. 

Teachers practice, using examples of bridging, to become fluent in the skill and explain how their 

examples can contribute to the development of cognition. 

 

8.2.2 Sub-category 2: Experiencing aspects of a Thinking Science lesson 

Thinking Science lessons are structured around five pillars—concrete preparation, cognitive 

conflict, social construction, metacognition and bridging. 

 

8.2.2.1 Property 1: Considering cognitive conflict and the more able students 

Some more able students, used to being told, or already knowing the correct answer, found the 

demands of cognitive conflict, such as having to think for themselves, difficult and challenging. It 

took more able students time to learn how to respond to Thinking Science pedagogy, and for some 

time, they continued to want to know the correct answer rather than think about concepts for 

themselves. As well as teachers, students had to adjust to the different expectations of a Thinking 

Science lesson and learn to justify their own thinking. 

 

In the initial stages of teachers’ skill acquisition, it was difficult to ascertain whether the more able 

students required greater challenge or whether their ease of understanding was caused by the 

teachers’ process of transition from transmission teaching to the pedagogical skills of Thinking 

Science lessons and their tendency to continue to tell students the correct answers. 

 

The new pedagogical skills included facilitating student discussion as an approach to the resolution 

of cognitive conflict, and the adoption of a new teaching role in which teachers are no longer the 

providers of ‘correct answers’ which students can access automatically, without recourse to their 

own thinking. It took time for both teachers and students to change focus. 
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Solutions and suggestions 

Acknowledge that both teachers and students initially have an expectation of transmission teaching 

and rote learning as that is what they know. 

 

Expect that the more able students will, at first, find it difficult not being told the right answers and 

having to justify their thinking to their peers and the teacher. 

 

Teachers encourage students to express their own thinking about concepts rather than to rely on the 

teacher for all the right answers. 

 

Discuss the process of skill acquisition with teachers before they embark on Thinking Science 

lessons including the likely initial response from students, so that both teachers and students 

understand what to expect from themselves and their students as they all develop new skills. 

 

Teachers explain to students the advantages of developing their thinking and cognition at school 

and during their lives.  

 

8.2.2.2 Property 2: Considering cognitive conflict and the less able students 

Many students deemed to be of lower ability, although observed to struggle on occasions, benefitted 

from the opportunities to discuss concepts and to learn from their peers during group discussions 

[social construction]. During social construction, teachers observed higher levels of verbal skills 

and cognitive ability than they expected from lower ability students. 

 

Many teachers of these classes were positive about their students’ experiences of Thinking Science. 

They observed that the thinking and understanding of these students was supported by the manner 

in which social construction differentiated cognitive conflict and provided opportunities for all 

students to interact intellectually with others. Students were frequently found to have abilities which 

had not been detected in science classes based on transmission teaching, in which students had little 

opportunity to express their own thoughts and ideas. 

 

Solutions and suggestions 

During the initial stages of Thinking Science professional development teachers may experience 

difficulties in classes due to their own process of skill acquisition and the tendency to continue to 
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use transmission teaching. Provide support for teachers such as classroom coaching and collegial 

discussion, as they acquire new skills. 

 

Teachers are encouraged to use social construction with students considered to be of low academic 

ability as this approach allows them to think about concepts and to express their thinking, thus 

providing opportunities for them to develop both understanding and cognition. 

 

Teachers are encouraged to use social construction with these students as, unlike transmission 

teaching and rote learning, social construction provides teachers with an opportunity to observe 

their abilities overtly. 

 

If the level of Z in the ZPD is too high in a Thinking Science lesson it is always possible to lower it. 

 

8.2.2.3 Property 3: Using social construction to differentiate cognitive conflict 

Teachers observed that the levels of cognitive conflict experienced varied amongst students and at 

times some differentiation was necessary. Differentiation was observed to occur across all abilities 

as a consequence of responding to open and metacognitive questioning during group discussion 

(social construction). 

 

Solutions and suggestions 

Encourage teachers to use social construction to provide for different levels of understanding and 

ability in the science classroom. 

 

8.2.2.4 Property 4: Observing issues of literacy during social construction 

Social construction revealed literacy difficulties which were not previously apparent to teachers 

when using teacher-centred pedagogy with more able students. Some teachers noticed that the 

discussion used during social construction improved both oral and written literacy which, in turn, 

developed the ability of students to think and to express thinking. 

 

Solutions and suggestions 

Provide opportunities for all students to express their thinking when concepts are challenging, by 

supporting the idea that it’s OK to be confused when learning about a concept which is difficult for 

you. 
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Teachers are encouraged to listen for literacy difficulties which are unlikely to be observed during 

transmission teaching and rote learning. 

 

Teachers are encouraged to use social construction to develop students’ comprehension and oral 

literacy skills, develop their ability to express their thinking in the science classroom and stimulate 

the cognitive development of all students. 

 
8.2.2.5 Property 5: Creating inclusive whole class discussion 

An inclusive class discussion, to consider the ideas from each group, is used at the conclusion of 

each Thinking Science lesson. These discussions are successful only in safe classrooms in which 

both teacher and students listened to and respected the attempts of others to respond to intellectual 

challenges. Initially, none of the seventeen teachers observed was aware of the skills required to 

facilitate an inclusive class discussion using, for example, no hands-up, student responses to spread 

discussion to others, wait time and metacognitive questioning. As with all new skills, teachers took 

time to become fluent in facilitating these discussions. 

 

Solutions and suggestions 

Teachers learn the skills used to stimulate inclusive whole class discussion—no hands-up, wait 

time, open questioning, metacognitive questioning and building on individual student responses for 

the clarification of ideas. 

 

8.2.3 Sub-category 3: Experiencing challenges during the implementation of Thinking Science 

The following properties consider the challenges experienced by teachers as they implemented 

Thinking Science pedagogy in their classrooms. 

 

8.2.3.1 Property 1: Changing from an ‘instruction’ approach to a ‘thinking’ approach to 

teaching and learning 

Teachers strongly viewed their role as the provider of the ‘correct answer’. When delivering an 

‘instruction’ lesson (see Chapter 1, p. 11), the teacher’s aim is to ensure that students understand 

particular concepts when they leave the classroom. The aim of Thinking Science lessons is to ensure 

that students use social construction to develop an understanding of concepts. When using Thinking 

Science pedagogy in the initial stages, most teachers experience uncertainty, anxiety and a feeling 

of becoming de-skilled for a time. This new approach to pedagogy challenges at least some of their 

previous practice and they need long-term support as they learn the new pedagogical skills 
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(Mevarech, 1995). It is likely to take teachers 30 hours of practice, or two years, to internalise 

Thinking Science pedagogy (Adey et al., 2004). 

 

Solutions and suggestions 

Schools adopt evidence-based professional development processes to ensure that teachers are 

provided with time and support, such as long-term professional development, unity of vision, 

effective collegiality, classroom coaching and faculty meetings to prepare and opportunities to try 

out new lessons when they are learning new pedagogical skills. 

 

Teachers and other school personnel involved in the process of professional development are made 

aware that teachers are unlikely to master a new pedagogical skill after one professional 

development session, i.e., like any skill, it takes time to learn a new pedagogical skill, 30 hours or 

two years of classroom practice to become fluent (Adey et al., 2004). 

 

Explain the expectations of Thinking Science lessons to students—that learning and becoming 

fluent in a new skill takes time. For some, it may involve feelings of frustration, and is likely to be 

challenging at times. 

 

8.2.3.2 Property 2: Understanding the concepts on which Thinking Science lessons are based 

Some teachers commented that they found some of the concepts, on which Thinking Science lessons 

were based, such as sample size, probability and ratios, difficult to understand and often 

experienced difficulty preparing the lessons. To assist, teachers were sent explanatory outlines of 

the concepts. These can be found in Appendix D. 

 

Solutions and suggestions 

Teachers understand that they, too, may have to think about the concepts in each Thinking Science 

lesson and that it’s OK to be challenged by new concepts and to take time to become fluent. 

 

Teachers are provided with explanatory outlines of concepts used in Thinking Science lessons (see 

Appendix D). 

 

Teachers understand that, although an outline and some resources are made available, they will 

initially need to prepare lessons. 
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Teachers are provided with group time to prepare lessons. 

 

8.2.3.3 Preparing lessons 

Teachers did not expect to have to think a great deal themselves when they first prepared the 

Thinking Science lessons. They preferred lessons which could be ‘picked up and run with’ (School 

4 teacher) and some expressed frustration at the difficulty experienced and the time required to 

prepare a Thinking Science lesson owing to concepts which were often unfamiliar to them, and 

developing skills to use new pedagogy. After eight months of implementation, School 3 teachers 

said there was too much lesson preparation, the lesson outlines were too complicated and they did 

not like to be out of their comfort zone. 

 

Solutions and suggestions 

Teachers work together in groups or pairs to read, understand, prepare and trial Thinking Science 

lessons and share them at professional development meetings. 

 

Teachers meet to discuss and clarify concepts in Thinking Science lessons if required. 

 

Prepared lessons are provided as a useful guide in addition to lesson notes. 

 

8.2.3.4 Property 4: Using lesson time effectively 

Teachers in each school experienced difficulty managing lesson time. Each Thinking Science lesson 

is planned for a period of one hour. In most schools only 45–50 minutes were available for each 

science lesson. The time for each lesson was cut by five to ten minutes as students arrived and spent 

time settling down and preparing for class. 

 

Solutions and suggestions 

Initially attempting to carry out a Thinking Science lesson in 45 minutes was very difficult. At first 

routines, such as handing out student folders, collecting equipment and recording data tended to 

take up more time than expected. As teachers and students become more fluent, a little more time 

was available for discussion. 

 

Students read over the lesson for homework and write instructions. Knowing what to do beforehand 

greatly speeds up data collection, leaving more time for social construction.  
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As students became more fluent in group roles, they were able to use lesson time more effectively. 

 

8.2.3.5 Property 5: Fitting Thinking Science lessons into the mandatory syllabus 

Teachers from each of the schools commented on the difficulty they experienced in attempting to fit 

15 additional lessons into both Years 7 and 8 when the NSW mandated syllabus was very full, and 

time for teaching its outcomes was already in short supply. 

 

Some teachers tried to plan a Thinking Science lesson once per cycle but this was often sacrificed 

when excursions or assessments required lesson time. Allocating lessons to particular periods on the 

timetable was suggested as a possible solution to this. 

 

Solutions and suggestions 

Match the subject matter of Thinking Science lessons with lessons already written into science 

programs, e.g., experimental design and analysis, classification, ratio and proportion. 

 

Write the lessons into science programs as enquiry lessons. 

 

Check that there is nothing in the science programs that is not mandated and modify current 

programs to include Thinking Science lessons. 

 

Liaise with Senior School Management and program one Thinking Science lesson per fortnight. 

Ensure that it is officially scheduled and not to be cancelled owing to excursions or assessments. 

 

8.2.3.6 Property 6: Feeling overwhelmed 

Teachers had many demands on their time and energy, and at times felt that they had little 

additional support for planning and implementation of the intervention. They often felt 

overwhelmed when they tried to include Thinking Science in the two hundred hours allocated to 

teach the mandatory science syllabus in NSW in Years 7 and 8. The two hundred hours were 

indicative only, and included the many interruptions in school life such as excursions, assessments 

and other school events. 
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Solutions and suggestions 

Before implementing the intervention, make sure there is unity of vision regarding its 

implementation between senior school management and the science department, effective 

collegiality and classroom coaching have been established and adequate time has been allocated for 

Thinking Science professional development. 

 

Ensure that planning and support have been carried out with the necessary resources available to 

diminish teacher stress. 

 

Spend one year setting up the required equipment for the lessons. 

Use half the lessons in the first year to learn the required pedagogical skills. When teachers become 

fluent in Thinking Science pedagogical skills they are less likely to revert to transmission teaching 

in these lessons. 

 

8.2.3.7 Property 7: Working with laboratory assistants 

At the beginning of the intervention, the preparation and availability of the required equipment was 

a significant issue in each school. Laboratory assistants were primarily responsible for purchasing 

and, often, constructing most of the equipment required for each of the 30 Thinking Science lessons. 

Although they would be expected and required to purchase and, at times, construct equipment, 

organise photocopying and storage of each lesson and its equipment, laboratory assistants were not 

included in the decision-making. 

 

In some schools, teachers and the Thinking Science intervention were not actively supported by the 

laboratory assistant and teachers had to prepare equipment for themselves. 

 

Solutions and suggestions 

All those involved in Thinking Science professional development are made aware of the significant 

and time-consuming contribution laboratory assistants make to ensure its success. 

 

Include laboratory assistants in the intervention so that they understand the purpose of Thinking 

Science pedagogy and professional development and their role in it. 
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Provide planning and support for laboratory assistants as they prepare the necessary resources for 

each lesson such as: 

- consider initially providing a set of equipment and student instructions for the first four lessons; 

- provide a register detailing where to source materials locally; and 

- provide plans and instructions about how to construct particular pieces of equipment. 

 

8.2.3.8 Property 8: Discussing levels of use 

The Thinking Science intervention required teachers to deliver 15 lessons in both Years 7 and 8. 

Each school experienced difficulties achieving this. All science departments which took part in this 

investigation began the process in a spirit of optimism and enthusiasm. As problems arose, this 

optimism faded in each of the schools and the level of use decreased. 

 

Solutions and suggestions 

Improvement in ‘levels of use’ of Thinking Science lessons is most likely to occur when evidence-

based professional development is used. None of these were observed to occur in any of the schools 

in this investigation. They include: 

 

• the development of unity of vision within the science department and between it and senior 

school management so that any decisions required about new initiatives can be made for the 

benefit of all stakeholders; 

• careful planning which includes all stakeholders; 

• careful planning in terms of time for meetings; 

• careful planning with consideration of teachers’ workloads; 

• the development of effective collegiality within the science department and between its 

members and senior school management; 

• classroom coaching; 

• planning for sustainability for situations such as ill health and changes in staff; and 

• mutual support and communication between senior school management and the science 

department in relation to all decisions related to the implementation of the Thinking Science 

intervention in each school. 

 

8.2.4 Sub-category 4: Reflecting on how classroom teaching differed as a result of the 

Thinking Science intervention 
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8.2.4.1 Property 1: Commenting on the first four lessons 

Most teachers, when asked, limited comments about their experiences of Thinking Science to the 

first four lessons. The cognitive conflict in these lessons was related to the concepts of variables, 

values, relationships between variables, graphs and how to write hypotheses. Teachers viewed an 

understanding of these concepts as ‘science skills’ which, in their experience were difficult to teach 

to students from Year 7 to Year 12. 

 

Solutions and suggestions 

The purpose of Thinking Science lessons is made very clear to teachers. The first four lessons 

demonstrate the underlying ideas related to variables and their values, relationships between 

variables and their graphical representation, control of variables, hypotheses, and structured group 

work. This was an excellent introduction to Thinking Science for teachers and students; however, 

teachers, excited by the improved understanding of their students, viewed Lessons 1–4 as ‘science 

skills’—and most were unable to move on from this. 

 

8.2.4.2 Property 2: Adopting Thinking Science pedagogy 

During the two years of the intervention, some teachers learnt how to teach students to discuss 

effectively in a group and use open and metacognitive questioning in their regular classes. Some 

also learnt how to use bridging by taking the cognitive conflict from a Thinking Science lesson and 

using it in other contexts, and to apply the pedagogy of Thinking Science to other lessons, both 

theoretical and practical. 

 

Solutions and suggestions 

When considering the introduction of an intervention, all those involved from senior management 

and the science department, participate in the decision on whether to adopt the intervention. This 

ensures that all involved are aware of the requirements of evidence-based professional 

development, thus maximising the likelihood that teachers will learn the relevant pedagogical skills 

and that they and their students will benefit from them. 

 

8.2.4.3 Property 3: Observing the effects on student thinking in the classroom 

Teachers who remained committed to the intervention noted that students were able to participate in 

group discussions leading to an increase in the ability to think for themselves, to understand the 

content in greater depth, to question and to problem-solve. 
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Solutions and suggestions 

Before committing to the Thinking Science intervention and professional development, senior 

school management and members of the science department ensure that there is unity of vision 

amongst the participants, the development of effective collegiality, the provision of support for 

time, professional development, resources and the sustainability of the intervention. 

 

8.2.5 Sub-category 5: Commenting on effect size 
 

8.2.5.1. Property 1: Commenting on approaches to teaching and the effect size in each school 

In School 2, the effect size was 0.5 (medium) for male students. In every other instance the effect 

size was zero. An effect size of zero can be expected when the factors which have been shown to 

most likely result in effective professional development are not implemented (Adey et al., 2004). 
 

Solutions and suggestions 

Schools require access to peer-reviewed research about professional development. Over the time 

that this research was carried out, schools had no access to academic journals and thus to peer 

reviewed research related to professional development. 
 

Those who are to be involved in the implementation of professional development in schools are 

trained to understand and implement the factors which peer-reviewed evidence indicates are most 

likely to result in effective professional development for teachers. 
 

8.3 Conclusion 

In Chapter 8, data related to Research Question 2, teachers implementing the Thinking Science 

intervention in their classes, was analysed and discussed. Teachers considered their approach to 

teaching and learning and the long-term support and encouragement they required when learning 

new approaches to pedagogy. 
 

Some of the concepts related to teaching students to think, such as social construction, including 

metacognition, working in small groups and whole class discussion, were usually unfamiliar to 

teachers. 
 

With time, support and practice, the experience of feeling deskilled, uncertain and anxious 

diminished and the pedagogical skills of teaching students to think for themselves improved. 
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Teachers observed that social construction was an effective way to teach students to think, to 

differentiate learning and improve their oral and written literacy skills. 
 

It was difficult to deliver the 30 Thinking Science lessons over two years whilst also teaching a 

mandatory syllabus. Science departments attempted several solutions such as matching lessons to 

the syllabus whenever possible, programming Thinking Science enquiry lessons and modifying 

programs. In spite of their efforts, the lack of unity of vision in most schools, and the challenges it 

produced, resulted in a low level of use over the two years of the intervention, in all the schools that 

participated in this investigation.  
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Chapter Nine 

Final Comments and Recommendations 

 
9.1 Introduction 

The initial aim of this investigation was to deliver Thinking Science professional development over 

a period of two years, and to support science teachers to become fluent in evidence-based pedagogy 

which has been shown to stimulate the development of student cognition and thinking abilities. 

Overall, little change in pedagogy was observed amongst teachers. In all the schools but one the 

effect size measured using SRTs indicated no significant improvement in student cognition. As 

negative as this may seem, in addition to instances of success, it is important to study the 

approaches to professional development and pedagogical change which have resulted in failure and 

why they have failed. Important evidence is lost if the approaches used by these schools are ignored 

as salient lessons can be learnt from failure as well as from success (Denrell, 2003). Some positive 

outcomes were observed and these are discussed in Section 9.9 of this chapter. 

 

A number of complex factors in each school which prevented the implementation of effective 

professional development to stimulate student cognition have been identified. These are discussed 

in the following sections: 

 

9.2 The impact of belief on school culture 

9.3 Lack of communication in schools 

9.4 An understanding of the need for long-term professional development 

9.5 An understanding of the need for effective collegiality and how to develop it 

9.6 Isolation within the teaching profession 

9.7 Evidence-based pedagogical practice—how to identify it. 

9.8 Evaluation of interventions  

9.9 Teaching students to think—raising the level of cognition 

9.10 Positive outcomes 

9.11 Final comments 

 

9.2 The impact of belief on school culture 

Beliefs are adaptations which generally guide our behaviour and are necessary for our survival. 

Based on interpretations of our experiences, they provide information about how we can expect the 
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things and events around us to interact and operate. Beliefs are not evidence-based in the scientific 

sense and are often expressed in the form of assumptions, or inferred from insufficient data, but 

they do enable us to order our environment coherently and produce quick solutions to challenges 

(Blosing & Ertesvag, 2011; Kahneman, 2011). The stories we tell ourselves about our life 

experiences are generally based on our beliefs and the ideologies that they help to create. Our 

beliefs, including those about schools, teachers and learning, tend to be so engrained that we rarely 

question them. Stories based on beliefs, particularly those held with a great degree of confidence, 

are considered to be the most common and powerful obstacle to using evidence-based management 

and teaching. Most frequently it is not a lack of evidence that stands in the way of effective teaching 

practice but the stories educators tell themselves about the nature of their work (Forte & Flores, 

2014; Pajares, 1992). Evidence related to management and teaching may well be dismissed and 

ignored if it does not support the beliefs on which such stories are based and this is one reason that 

difficulties can be encountered when attempting evidence-based approaches (Pfeffer & Sutton, 

2000). This can be the case even when stories include ideas which new evidence has shown to be 

obsolete or to consist of unexamined assumptions. For any change to occur, these stories, which are 

often subconscious, have to be changed and stories based on more recent evidence accepted as true 

(DuFour et al., 2010). 

 

Beliefs frequently involve ideas of precedent, another powerful obstacle which can prevent schools 

from carrying out evidence-based management and teaching. For example, most people prefer 

‘cognitive closure’—the desire for a definite answer to a question as opposed to the presence of 

ambiguity and complexity. Thus, what has happened in the past tends to be accepted and evidence 

which may not confirm what they believe avoided. This is more likely to occur when people are 

feeling under pressure, fatigued, stressed or fearful (Webster & Kruglanski, 1994). 

 

It is interesting to consider the underlying beliefs which drive the culture of schools and help to 

make change so difficult. Principals have learnt the culture of schools as students and as teachers. 

They have been “well socialised to the norms, values and predispositions of the organisation they 

are leading” (Elmore, 2000, p. 3). All others who work in schools—senior school management, 

heads of department, teachers—have been enculturated by their own schooling over many years. 

When their beliefs about what makes a good school and a good teacher are well entrenched and lie 

beneath the level of conscious awareness, there will be resistance to critical thinking (Van Es, 

2012). When their beliefs about what makes a good school and a good teacher are well entrenched 

and lie beneath the level of conscious awareness there will be resistance to critical thinking (Van 
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Es, 2012). For example, for many years it was believed that the ability to learn at a high level was a 

function of a student’s access to ‘social capital’ derived from their social class, economic situation 

and personal aptitude and, therefore, schools were unlikely to influence student achievement 

(Coleman et al.,1966). More recently, although it has been acknowledged that all students can learn 

and that it is a function of the school to make learning occur, schools often continue the same 

practices that, in the past, have ensured that not all students learn. In any organisation, those 

involved may believe that nothing can change because things have always been that way, and that 

there are good reasons why they are. If participants have no concept of alternative approaches, or 

have not considered any, they are unlikely to change their views based on evidence (DuFour et al., 

2010). 

 

Very frequently, students who experience difficulty learning are highly dependent on the beliefs and 

practices of individual teachers, rather than on an evidence-based approach adopted by the school as 

a collegial body. Each teacher, based on their own beliefs and practices, is likely to have individual 

approaches to such students. For example, one teacher may offer help before or after school, 

another may penalise assessments that are late and yet another may refer the student to special 

education (DuFour et al., 2010). The opportunity for these students to learn at school, or not, 

depends on the particular teacher they are allocated from class to class and from year to year. 

McLaughlin and Talbert (2001, p. 64) refer to the experience of these students as an “educational 

lottery”. During their research, DuFour et al. (2010) described this situation to a very large sample 

of teachers and parents. All could recognise it as a common experience for some students but, at the 

same time, they expressed no indignation that this resulted in a lack of learning. The researchers 

suggested that this attitude arose from the consistent and longstanding stories that we all tell 

ourselves about the nature of how schools, teachers, and students function. For example, in School 

3, one class of students was described and dismissed by some teachers as “unteachable”. In all the 

schools, students were streamed from lower to higher ability and some students were deemed to be 

less able based on their past performance on science tests or at school in general. According to Du 

Four et al. (2010) teachers and senior school management can accept such stories because “the 

haphazard way in which their schools currently intervene or dismiss particular students is exactly 

how schools reacted when they were students” (DuFour et al., 2010, p. 39). 

 

It is important for those involved to understand how and why current teaching practices developed. 

Changes to pedagogy are likely to be difficult (Fullen,2015). For example, why is the student voice 

often not heard as they learn concepts; why is student thinking considered important for 



303 
 

understanding and learning science, but science teachers not specifically trained how to teach 

students to think; why have rote learning and transmission teaching dominated science classrooms 

for so many years?  

 

Recommendations 

During initial training, and reinforced during subsequent professional development, teachers and 

senior school management learn about: 

 

• epistemology, the theory of knowledge—how we know what we know and to what extent 

that knowledge is valid; 

• the characteristic and nature of beliefs and their impact on planned change; 

• the characteristics and practice of critical thinking and its implications for the development 

of cognition; and 

• reflection on personal beliefs and the impact they can have on attitudes to teaching and 

learning. 

 

9.3 A lack of communication 

From the beginning of this investigation a lack of communication was evident in each of the five 

schools. For example, only two principals responded to the request to carry out this investigation 

which included a well-researched approach to pedagogy and professional development. Teachers, 

although required to participate in Thinking Science professional development and deliver it in their 

classes over two years, were not included in the discussions which resulted in the decision to 

participate in the intervention and professional development. This is not an uncommon experience 

for teachers (Miles, 1995; Vanblaere, B. & Devos, G., 2016). 

 

The five schools involved were, like most schools, hierarchical in structure and there was a lack of 

communication both within each structure and between structures. For example, there was no 

communication related to the intervention within the senior school management in any of the 

schools over the two years in which it took place. Similarly, there was very little communication 

between senior school management, the head of science and teachers, or between members of the 

science department. In all the schools, the intervention was delegated to the head of science, and no 

further communication or feedback was required, or entered into by any member of the senior 

school management, over the two subsequent years, in any of the schools. As there is a positive 
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relationship between school leadership which focuses on learning and successful professional 

development, this was not a positive trait. (Liu, Hallinger & Feng, 2016) In all the schools, the 

intervention was delegated to the head of science and no further communication or feedback was 

required, or entered into by any member of the senior school management, over the two subsequent 

years, in any of the schools. 

 

It has been acknowledged for many years that teachers are clear that they would like to have input 

into decision-making related to teaching, learning and professional development as they are the 

members of staff who will be working to change their practice with colleagues and in their 

classrooms. In this investigation, teachers were not consulted about the introduction of the 

intervention in any of the schools, and for this reason, many were unsupportive from the beginning. 

Ownership of interventions by teachers and all other participants is critical to their success (Adey et 

al., 2004; Joyce & Showers, 1988; Postholm, 2018). 

 

Recommendations 

During initial training and subsequent professional development, teachers and senior school 

management master and practice: 

 

• the characteristics of effective communication such as active listening and the use of I-

messages to indicate ownership of ideas and emotions; 

• the development of trust between members of the school community; and 

• communication within and between groups which make up the school community. 

 

9.4 Long-term professional development 

Senior school management and members of science departments were all aware of short-term 

professional development as the norm. In none of the schools was it acknowledged that all skills 

require time and practice if they are to be mastered. For this reason, attempts to learn a new 

pedagogical skill at one day’s professional development session are unlikely to embed the skill into 

classroom practice (Gore, Mockler et al., 2017; Showers et al., 1987). 

 

During this investigation, this was not acknowledged or commonly understood by senior school 

management or members of science departments. Short term professional development, in three 

instances based on a school professional development plan, continued. The benefits of long-term 
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professional development and, indeed, its necessity, as teachers acquire the fluency and confidence 

to use complex new pedagogical skills were not well understood by principals, deans of curriculum, 

heads of science or teachers (Cohen et al., 2003; Penuel et al., 2007). 

 

The more complex the skill, the longer it takes to develop. In some instances, senior school 

management acknowledged this by introducing teaching and learning frameworks into a school; 

however, in many instances, teachers were not trained to carry out the skills required by the 

frameworks. Principals were unaware of evidence which reports the factors likely to result in 

effective professional development over the long term, such as effective collegiality, classroom 

coaching and reviews of specific lessons with colleagues (Alton-Lee, 2008; Fullan & Hargreaves, 

1991; Gore, 2019).  As skills are learnt and acquired, practitioners in any field require continued 

support. Teachers are no different. Research demonstrates that support through effective 

collegiality, meetings to exchange and discuss experiences with other teachers, and classroom 

coaching are three effective forms of long-term support as teachers acquire new pedagogical skills 

(Postholm, 2018).  Research demonstrates that support through effective collegiality, meetings to 

exchange and discuss experiences with other teachers, and classroom coaching are three effective 

forms of long-term support as teachers acquire new pedagogical skills. How to develop these, plan 

the necessary time and routines were all unknown in any of the five schools. 

 

The research that supports the need for long-term professional development is not recent (Adey, 

2004; Postholm, 2018). During this investigation, I discovered that schools and teachers had no, or 

only very limited, access to university libraries and peer-reviewed educational research. As the 

investigation progressed, this developed into an extraordinary anomaly which seemed to contradict 

all the attempts of schools to improve teaching and learning for both staff and students. The 

inability to read about and check the validity, reliability and workability of a suggested intervention 

or innovation exposed schools to marketing, fads and research which had not been peer-reviewed. 

In addition, schools were unaware of the need to evaluate interventions or how to go about this. 

 

9.5 Developing effective collegiality 

Effective collegiality develops communication and relationships amongst teachers. Both have been 

found to have a positive effect on student learning (Louis et al., 1996). Effective collegiality was 

not observed between senior school management and any of the science departments, or within 

either of these groups, in any of the schools. It was observed in two schools, as ‘Balkanisation’, 

collegiality between the two or three teachers who had initially proposed the implementation of 
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Thinking Science in their school. School politics at any or all levels can create difficulties for the 

development of effective collegiality (Hargreaves, 1991), 

 

Trust is the underlying, integral element of effective collegiality (Olin & Ingerman, 2016). Trust is 

the underlying, integral element of effective collegiality. In each school, there was a need to 

establish this trust between all participants from senior school management to heads of science, 

teachers and laboratory assistants. Trust is unlikely to develop as a result of one day’s professional 

development or even necessarily over two years of implementation. Trust requires continuous and 

purposeful nurturing in any school and allows participants to learn from one another and to share 

ideas without fear of judgement, rejection or disdain (Hoy & Tschannen-Moran, 1999; Louis, 

2007). 

 

Attempts to develop effective collegiality and to change pedagogy in schools have a long and fairly 

unsuccessful history going back at least 40 years (Adey et al., 2004; Elmore, 2000; Lortie, 1975; 

Fullan, 2015). Over the years, researchers have called for the development of effective collegiality 

and collaborative decision-making, which require changes to the traditional relationships within, for 

example, science departments and between teachers and senior school management (Fullan & 

Hargreaves, 1991; Newman & Associates, 1996). 

 

Effective collegiality and unity of vision about the purpose, rationale and process of any proposed 

professional development are closely related (Adey et al., 2004; Fullan, 2015). They can develop as 

a result of initial discussion and planning between the principal and the science faculty, and the 

provision of opportunities to have collegial discussions about aspects of pedagogy (Rosenholtz, 

1985). Change and new learning are more likely to occur when people take an active role in the 

process and a perception of ownership (Pfeffer & Sutton, 2000).  

 

To promote the discussion and critical thinking which can change beliefs, people need to develop a 

culture of effective collegiality as it promotes critical thinking about beliefs by allowing the 

challenging and revision of ideas in a safe, trusting environment (Adey et al., 2004; Fullan, 2015). 

 

It has been observed over many years that it is the principal who shapes the nature of 

communication amongst staff members. Thus, the principal’s leadership is necessary for the success 

of a professional development intervention as the principal has the means to provide flexibility and 

support for teachers to participate. (Joyce & Showers, 1988; Liu, Hallinger & Feng, 2016). The 
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principal has a central role in the development of trust amongst all staff members in a school and is 

in a position to provide for the development of effective collegiality with a well-defined purpose 

and agreed vision. In this investigation, principals appeared to reinforce the lack of communication 

amongst participants. The isolation of senior school management from those within the science 

department prevented close cooperation between and within these groups (Cole, 2012; Fullan, 

2015). 

 

The lack of a requirement to master a particular relevant body of professional knowledge in relation 

to the work of a principal was reported by Elmore (2000), and was still the case according to the 

NSW Principals’ Association (telephone conversation, 2014). It has been observed that principals 

are seen to succeed based on personality traits rather than on the basis of a body of professional 

knowledge and skills in areas such as pedagogy, administration and public relations, skills which all 

could have the opportunity to master (Elmore, 2000). 

 

Recommendations 

• Professional learning communities are established in schools to promote a continuous 

approach to the development of trust and effective collegiality between all members of staff. 

• The development of effective collegiality in schools becomes an integral part of senior 

school management and teacher standards. 

• Trainee teachers and those in schools are made aware of how to develop a professional 

learning community and the need to develop trust and effective collegiality over the long 

term in schools. 

• Trainee teachers and those who work in schools are made aware of the need for unity of 

vision and ownership when considering the implementation of change and interventions in 

schools. 

• Principals are trained in the skills required in relation to their work in shaping 

communication in a school. 
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9.6 Isolation within the teaching profession 

For teachers, as for principals, working in isolation was observed to be the norm. Like principals, 

teacher competence was seen to depend on the traits of teachers which enabled them to maintain 

classroom control and use transmission teaching and rote learning to successfully deliver the 

material required for particular assessments (Elmore, 2000). In the classroom, teachers relied on 

their personal knowledge and, from conversations during classroom coaching, demonstrated little 

knowledge derived from research. This is documented in academic research as well (Fullan, 2015; 

Hempenstall, 2006; Joyce & Showers, 1988; Pajares, 1992). There is a view that years of 

experience in the classroom will result in improved knowledge and skills. This has been shown to 

be untrue. A focus on improved evidence-based practice has been shown to have the strongest effect 

on teacher efficacy (Fullan, 2015; Hempenstall, 2006; Pfeffer & Sutton, 2000). 

 

A weak professionalism was observed amongst the science teachers and between them and the 

senior school management in each school during this investigation. 

 

Recommendations 

• The Australian Professional Standards are reviewed in relation to the extent to which they 

have contributed to an improvement in evidence-based pedagogy and teaching and learning 

outcomes since their inception in 2011. 

• The use of evidence-based pedagogy to provide the best chance for students to learn and to 

improve the professionalism of the teaching profession is made a requirement in schools. 

9.7 Evidence-based practice 

Members of senior school management and teachers are not trained to recognise the differences 

between well-designed and poorly-designed research, or to understand how evidence from well-

designed research can boost their effectiveness. Education and research do not appear to be strongly 

linked in Australia (Hempenstall, 2006). The Australian Government’s Review of Funding for 

Schooling (Department of Education, Employment and Workplace Relations [DEEWR], 2011) 

commented on the lack of evidence-based educational programs in schools and the lack of 

evaluation of the effect of various programs currently used. Learning styles is an example of one 

such program. A meta-analysis involving 39 studies of thinking styles measured the overall effect 

size to be 0.14 (Lloyd, 2006). However, the conclusion of a review by Coffield et al. (2004) and 

Coffield (2012) was that claims made for the impact of any learning style model were questionable, 
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unreliable and invalid as there was little independent research. It is important to base teaching 

approaches on evidence rather than on what is marketed, in fashion or a current fad with no 

evidence provided. 

 

It is difficult for teachers to assess the evidence on which interventions are based for several 

reasons. For example, in this investigation I observed little understanding of how to assess the 

quality of evidence from sample size, validity, reliability or peer review when considering the 

implementation of a new intervention. There was no consensually agreed model of effective 

evidence-based practice (Elmore, 2000). For example, the teachers surveyed stated that, although 

they used group work mainly in practical classes, they did not like it as a pedagogical tool for the 

following reasons: students did not complete the set task in the allocated time, one or a few students 

in the group did all the work, some students refused to participate and students had difficulties 

understanding what to do. 

 

Although there is a body of research and evidence related to effective group work, this was not 

available to the teachers and it was a pedagogical skill that was assumed to exist but to which they 

had not been exposed. In addition, as soon as teachers complete a university qualification, they have 

little further access to the research literature in their professional field. This reduces their ability to 

check for and assess the evidence on which approaches to teaching and learning and professional 

development, which are marketed to schools, are based. No matter how an intervention or any 

professional development is presented, those who market the ideas must be asked to present the 

benefits and uncertainties of their proposals in the form of valid and reliable research. This is the 

only intellectually honest and ethical approach to evidence-based teaching and learning. 

 

In none of the five schools was I ever questioned about the research on which Thinking Science and 

its professional development are based. Since 2012 there have been moves towards the adoption of 

evidence-based practice in schools; however, there is no culture in schools which supports this, and 

it is unlikely to occur without a great deal of culture change at the policy-making level, in teacher 

training and in schools (Hempenstall, 2006). There are a number of difficulties involved. There are 

not a great number of well-designed studies. For example, the commonly used BSCS 5E 

Instructional Model on which much inquiry learning is based, was not researched and evaluated 

until after it had been designed and schools had been encouraged to use it (Bybee et al., 2006). In 

addition, teacher training does not provide teachers with the skills required to assess the validity and 

reliability of evidence when it is made available (Levin, 2010). Even those who have completed 
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science degrees are unlikely to have learnt how to assess evidence. Results from this investigation 

indicate that neither principals nor other members of senior school management, heads of science or 

teachers thought to consider the quality of evidence on which the Thinking Science intervention was 

based. Without further training, and an expectation by funding bodies that schools demonstrate 

evidence-based practice, it is likely to remain a ‘buzz word’ followed by no alteration in practice 

(Slavin, 2008; Stanovich & Stanovich, 2003). Over the period in Australia since evidence-based 

practice has been recommended, a summary of student performance on national and international 

assessments, by year level, indicates that there has been no change in average performance levels in 

Year 8 between 1995 and 2015. In 2015, 31 per cent of Australian science students did not achieve 

a standard of proficiency in science (Thomson, Wernert et al., 2017) and between the years of 2006 

and 2015, Year 8 students have shown a significant decline in scientific literacy (Thomson, de 

Bortoli et al., 2017). It is interesting to note that the ability to understand and analyse evidence is a 

formal operational schema. 

 

Recommendations 

A culture of evidence-based pedagogy be developed in schools so that: 

 

• trainee teachers and those in school are taught how to assess the evidence on which 

proposed professional development is based; 

• trainee teachers, teachers and other school personnel are provided with access to academic 

research in education and to sites which assess academic research; 

• the curriculum for trainee teachers is aligned with evidence-based research and practice; and 

• those marketing professional development interventions to schools must legally supply the 

peer-reviewed research on which the intervention is based and an evaluation of the research. 

 

9.8 Evaluation of interventions 

Three of the schools were, or had been, involved in a planned process of school improvement but 

none had clearly defined goals with which to measure progress. In one school an evaluation had 

been built into the improvement plan but this was not extended to the Thinking Science intervention. 

The other two schools had not considered any form of evaluation as a necessary part of a process of 

school improvement. Active monitoring defines the aims and purpose of an intervention and 

provides standards which can be used to demonstrate the extent to which aims have been achieved. 

Such an evaluation of successes and failures can be used to improve the knowledge and skills of 
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teaching and learning within a school (Adey et al., 2004; Elmore, 2000). Without evaluation which 

provides information about the effectiveness of an intervention and its component parts, it is 

difficult to make decisions about the necessary action to take when students and teachers fail to 

make progress. 

 

Recommendations 

Trainee teachers, practicing teachers and senior school management: 

 

• are taught why evaluation of interventions is necessary; and 

• how to go about evaluating the successes and failures of an intervention. 

 

9.9 Teaching students to think 

Concepts about thinking and cognition need to be clarified for science teachers. For example, all 

teachers interviewed considered that it was essential that students be taught to think. When probed 

more deeply teachers were unable to respond to such questions as, “Do students need to think in 

order to learn?” When they were asked how to go about teaching students to think there were no 

answers. When teachers were asked to define the following common terms, related to thinking, 

which occur either in the science syllabus or in cognitive research: concrete thinking, formal 

operational thinking, critical thinking, metacognition and higher order thinking, no group was able 

to provide a definition. They were unaware of any classroom research related to these concepts, or 

that higher order thinking was a term which had no research-based definition. 

 

In many cases, teachers commented that they relied on transmission teaching to cover a crowded 

curriculum, particularly in the senior years. This approach, which has so often been observed in all 

science classes (Goodrum et al., 2001; Barnes et al., 1986), was described by Barnes as long ago as 

1976. The transmission teacher provides students with information as they listen and copy 

passively. Information is mostly learned by question and answer, taking notes, and memorising so 

that it can be reproduced in tests and exams. In this scenario student contributions to learning, such 

as their thinking, are not seen as relevant and so there is very little discussion related to learning 

between teacher and students. The greater part of the lesson is taken up with ‘teacher talk’ which 

relies on closed questioning and the teacher’s thinking (Barnes et al., 1986). There is no concept of 

critical thinking—or of teaching students to think. To change from a transmission approach to the 

thinking and enquiry model of Thinking Science involves a substantial change in beliefs about 
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teaching and learning, including the importance of student thinking, the need to hear and understand 

individual students, to collaborate effectively at all levels of the school hierarchy and to acquire a 

new set of pedagogical skills.  

 

Recommendations 

All teachers need to know and understand: 

 

• the characteristics of thinking, or cognition, and what these imply; and 

• the concept of critical thinking, describe its characteristics and how to teach it and use it 

effectively in their work. 

 

9.10 Positive Outcomes 

Teachers who practiced the pedagogical skills of Thinking Science during the two years of the 

intervention noted that their ability to work effectively with both small groups of students and 

whole class discussion continued to improve. They became aware of how to use individual student 

responses to build group and class discussions about the concepts they were teaching and by 

training students to take responsibility for the clarification of ideas when participating in a whole 

class discussion. 

 

They developed the ability to use the skills of social construction which included the use of 

cognitive conflict, active listening, metacognitive questioning and effective group discussion. For 

example, these teachers noted that the use of open and metacognitive questioning raised their 

expectations that students think about the concepts rather than just to memorise them. Open and 

metacognitive questioning and the use of student responses during discussion in both small groups 

and the whole class enabled teachers to differentiate lessons easily. 

 

Social construction contributed to an improvement in understanding and allowed students to value 

and question their own thinking. It developed the ability to think and express thinking using 

scientific terminology. Students, unused to thinking critically about their ideas, struggled at first but 

with practice they developed the ability to express and question their own thinking and that of 

others. 
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Once trained in effective group work using social construction, teachers observed an increase in 

student engagement, discussion and the ability to persevere and think through challenges. Students 

demonstrated an improvement in communication and social skills by including all other students, 

and not only their friends, in small group and class discussions. An increase in student confidence to 

discuss and work on problems was also noted as they enjoyed the mental challenge of cognitive 

conflict and the social interaction of working together on problems. There was an increase in 

student confidence to discuss and work on solving problems, to fulfil group roles and remain on 

task. 

 

Some teachers observed that social construction can reveal difficulties with literacy such as 

comprehension and oral expression, which are not apparent in classes when a teacher-centred 

pedagogy is used. 

 

Teachers who continued with the professional development observed that many students deemed to 

be of lower ability, although observed to struggle on occasions when the cognitive conflict was too 

difficult, benefitted from opportunities to discuss concepts and learn from their peers during group 

discussion. During this process, teachers observed higher levels of verbal skills and cognitive ability 

than they expected from lower ability students. These students could express themselves well and 

participate fully in Thinking Science lessons. Transmission teaching does not provide teachers with 

the opportunities to observe student thinking abilities and verbal skills. 

 

Some teachers benefitted from collegiality such as ‘Balkanisation’ or ‘comfortable collegiality’ as 

they worked on Thinking Science skills with several other teachers. 

 

Teachers who participated in classroom coaching found the observation and modelling of lessons 

and the feedback from the coach supportive. They picked up ‘tips’ related to the new pedagogical 

skills. Some considered that the support from classroom coaching would contribute to change from 

teacher to student-centred learning in their schools. 

 

In three of the schools, teachers considered that more Thinking Science lessons could be 

accommodated in the mandatory syllabus if they were paired with related topics such as 

classification and experimental design, for example. They began to include Thinking Science 
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lessons in their regular science teaching programs to allow them to use the new student-centred 

pedagogical skills in the available time. 

 

9.11 Final Comments 

The difficulties experienced in this investigation are presented, to some extent, from the perspective 

of a teacher rather than that of an academic researcher. They represent a microcosm of the 

difficulties experienced in over half a century of attempts to change the culture of teaching and 

learning in schools. The difficulties are many and persistent. Some salient examples are: 

• understanding, accessing and then using, research-based investigations with valid and 

reliable evidence; 

• changing, or even reflecting on, beliefs about effective teaching and learning; 

• the building of trust, effective collegiality and open communication within a school; 

• the ability to acknowledge the basic human need of both students and teachers to be heard 

and understood; and 

• the need for teachers and senior school management to be affirmed, based on their efforts. 

 

All these remain, from the results of this investigation, as aspirations to which we aspire. 
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Information about Thinking Science Initially Sent to Schools 

 
Context 
There is concern in Australia and other developed nations about declining enrolments in school 
science after the compulsory years. There are suggestions that this relates to the difficulties students 
experience in engaging with science, their perceptions of the relevance of school science to their 
needs and concerns, and their beliefs that the physical sciences are no longer vital for economic 
development. However, what is rarely mentioned is the issue of cognitive development and the 
difficulties that students who have not developed formal operational thinking experience when 
attempting to understand many scientific concepts. The study of science at secondary school is 
intellectually demanding as it moves quickly from concrete operational thinking, with its simple 
causal relationships involving only two variables, to the multivariate relationships and greater levels 
of abstraction of higher order thinking. 
 
Thinking Science Research 
In 1981, and again in 2001 and 2003, Professors Shayer and Adey, Kings College, tested the 
cognitive abilities of 12,000 students aged from eleven to sixteen in England and Wales. Their 
research opened up discussion about the effects of cognition on students’ abilities to understand 
science and on their attitude to science at school. 
 
Table 1 displays the results from Shayer and Adey’s (1981) investigation of twelve- and sixteen-
year-old students. Piaget’s estimates predict that twelve-year-olds would have mastered concrete 
operational thinking, and that sixteen-year-olds would have mastered higher order thinking. The 
results show otherwise. These results are supported by other studies. 
 

Table 1 
 

Students Aged Twelve in Year 7 Students Aged Sixteen in Year 10 
 

Stage of 
Cognitive 

Development 

Percentage 
of Students 

Stage of 
Cognitive 

Development 

Percentage of 
Students 

Preoperational 5% 
 

Preoperational 0% 

Early Concrete 
Operational 

35% 
 

Early Concrete 
Operational 

20% 

Late Concrete 
Operational 

50% 
 

Late Concrete 
Operational 

50% 

Early Formal 
Operational 

10% 
 

Early Formal 
Operational 

20% 

Late Formal 
Operational 

0% Late Formal 
Operational 

10% 
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The Thinking Science Program 
By 1990, as a result of their research, Shayer and Adey had developed a program which aimed to 
show teachers how to develop student cognition and, thus, the ability to understand scientific 
concepts more readily. 
 
Research into science teaching in Australia, the UK, the US and many European countries confirms 
that transmission teaching is the predominant pedagogical approach to science teaching. In this 
case, the students tend to be the passive recipients of knowledge and most aspects of lessons are 
teacher-centred. Thinking Science develops a student-centred approach and teachers learn how to 
develop an authentic community of learning. 
 
The Thinking Science program is based on the delivery of thirty lessons over two years in Years 7 
and 8. The lessons are based on the schemata of higher order thinking: variables and compound 
variables, classification, proportionality and ratios, probability and combinations, formal models 
and equilibrium. The lessons are exemplars which demonstrate the pedagogy required to stimulate 
student cognition. They are planned around six principles. 
 
1. Concrete Preparation – students are told what the lesson is about and given their instructions – 
approximately five minutes. 
 
2. Cognitive Conflict – based on the observation that significant new learning and the stimulation of 
thinking occurs in response to a challenge, each lesson is planned around a challenging practical 
activity. 
 
3. Data Collection – data are collected for each activity. This is an interesting but short part of each 
lesson. 
 
4. Social Construction – discussion in structured groups stimulates the development of cognition. 
Both students and teachers learn how to facilitate effective group discussion and whole class 
discussion in which all students are actively involved and on task. They learn how to affirm one 
another effectively to enhance student engagement. 
 
5. Metacognition – the development of metacognition is necessary for the development of thinking. 
Students and teachers learn how to develop metacognition in the classroom through the use of open 
questioning. 
 
6. Bridging – the higher order thinking in each lesson is related to the context of the students’ lives, 
providing them with the opportunity to apply formal operational thinking in both familiar and 
unfamiliar contexts. 
 
Cognitive conflict, social construction and metacognition are known to stimulate the development 
of cognition. 
 
Some Evaluations of Thinking Science 
Evaluation of Thinking Science in classes in England in 1994 and 1999 demonstrated improvements 
of one grade in science, maths and English GCSE results. Based on its entire range of effect sizes, 
the average effect size for Thinking Science is 0.65. This includes instances from no observed 
significant change to an effect size of 1.95. 
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The New Zealand Best Evidence Synthesis Programme, a meta-analysis of approaches to teaching 
and learning carried out at the University of Auckland, demonstrated that Thinking Science has a 
significant impact on student cognition/thinking. The impact is persistent and cross-curricular, 
leading to improved performance in exams long after the intervention has ceased. This meta-
analysis, recently adopted by UNESCO, listed Thinking Science as one of two most effective 
approaches to science teaching and learning. 
 
Thinking Science Professional Development 
Effective professional development changes teachers’ pedagogical practice and improves student 
outcomes. Thinking Science professional development aims to develop a deep level of change in 
teachers’ pedagogic practice. Delivery of professional development depends on social interaction of 
teachers and models the teaching methods introduced by the innovation. 
 
This professional development program was developed from research, observation and experience 
which suggested that effective professional development should include the following structures: 
 

• Active support from the school executive. It is essential that senior management and the 
teachers involved share a vision of the benefits of the innovation and the requirements of the 
professional development. 

• The involvement of all members of the science department within a school. 
• Delivery over two years providing long-term support as teachers develop new skills. 

Teachers are provided with opportunities to reflect on their knowledge, attitudes and beliefs, 
and are given support to do so. 

• Initial in-service days at the beginning of the two years to provide teachers with the 
opportunity to study and question the theory and develop ownership based on 
understanding. 

• The use of both in-service and in-class coaching. 
• The development of collegiality for mutual support, to discuss freely and share issues related 

to their learning with other teachers and senior management. 
• A high-level use of effective support materials by teachers. 
• Training of coordinators to run effective professional development within the school to 

initiate new teachers and ensure long-term sustainability of the program. Print resources or 
software packages cannot deliver adequate professional development. 

• Assistance with the practical aspects of implementing the innovation. 
 
Thinking Science Professional Development – Knowledge and Skills Addressed 

• Develop an understanding of the theory on which Thinking Science is based and of why it is 
worth delivering in classrooms. 

• Demonstrate the importance of challenge for students and how to achieve it. 
• Differentiate challenge to accommodate different levels of student cognition. 
• Structure group work to create active, on-task learners. 
• Use discussion to promote thinking and argumentation in science. 
• Interpret student’s statements and answers in terms of the level of thinking they are using. 
• Ask open questions to stimulate thinking and reflection and develop metacognition in the 

classroom. Respond effectively with wait time. 
• Learn to engage students by affirming their thinking. 
• Move away from transmission teaching towards an approach that focusses on student 

thinking. 
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• Discuss the development of meaningful collegiality through team teaching, mentoring and 
supporting each other and by sharing experiences both inside and outside of classrooms. 

 
The Investigation 
Title: An exploration of the impact of Thinking Science professional development on participating 
teachers’ pedagogy 
 
Data Collection 
In this investigation, data will be collected in the following ways: 
 

• Classroom observations 
• Interviews with individual teachers, students, executive and system policy makers 
• The research literature 
• Artefacts – teaching programs, books 
• Science Reasoning Tasks 
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RESEARCH PLAN 
Oliver (2010) 

Thinking Science Professional Development for Schools 

Session One 
Week 9 or 10, Term 4 2010 

 
 
The aims of the first two-day meetings are as follows. 
 

• Reflection on practice 
• Effective professional development – structure of program 
• Factors which can affect student achievement 
• The aims of Thinking Science or CASE 
• Characteristics of thinking 
• How to stimulate the development of student cognition/thinking/intelligence 
• Using cognitive conflict, differentiation, social construction 
• Developing metacognition in the classroom 
• Using bridging to relate lessons to further student experience 
• Evaluations of Thinking Science 
• Using Science Reasoning Tasks to assess the level of student thinking in science 
• Programming Thinking Science 
• Role of technicians 
• Building collegiality and sharing expertise and providing support 
• Building sustainability 
• Discussing and planning two years of professional development including time, 

coaching in class, maintaining a journal record of lessons and reflection on 
practice. 
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Day One Subject Activity 

8:45–9:00 Welcome 
Overview of the day 
Principles of this professional learning 
model 

 
 
Reflection – professional 
development 

9:00–9:30 The aims of Thinking Science derived from 
research 
The structure of the two-year professional 
development program  

Overview of lessons and 
schema 
Video 
 

9:30–10:30 Factors which influence student 
achievement 
 
 
 
 
Characteristics of intelligence 
Characteristics of concrete and formal 
operational thinking 

Group discussion – 
curricular, cognitive, 
affective, teacher 
influenced, instruction 
influenced and student 
factors 
Teachers reflect using 
Curriculum Analysis 
taxonomy 
Examples from Science 
Reasoning Task (SRT). 

10:30–10:45 Break  

10:45–1:00 What we can do to promote 
intelligence/thinking/cognition: 
1. Cognitive conflict and its role 
    Levels of cognitive conflict amongst 
    students – ZPD 
 
2. Use of concrete preparation 
 
3. Identify cognitive conflict, 
    concrete preparation and the 
    purpose of Lessons 2–5 in structured 
   groups 

 
 
Examples from SRT 
Video 1 
Extracts from PowerPoints 
1–4 
 
 
Analyse Lessons 2–5 
 
Discussion and questions 
in structured groups 

1.00–1.30 Lunch  

1:30–3:15 Social Construction: 
1. The characteristics of effective groups 
and how to organise them in a classroom 
so students are fully engaged and learning 
is all inclusive 
2. Group roles, active listening, wait time, 
discussion 

Teacher reflection & 
discussion on 
implementation of social 
construction 
 
Model effective group work 
using Lessons 6–8 
Reflection and discussion 
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Day Two Subject Activity 

8:45–10:30 Feedback and review of Day One 
Key words and concepts 
Select a topic and prepare a short lesson to 
demonstrate concrete preparation, 
cognitive conflict and social construction 
 

Reflection and discussion in 
groups 
Teachers work in pairs 
Demonstrations by teachers 

10:30–10:45 Break  

10:45–11:45 Metacognition – what is it and what value 
does it have? 
How to develop and use student and 
teacher metacognition in a classroom 
Bridging – what it is, why to use it and 
how to use it? 
 

Teacher reflection and 
discussion 
Lesson 9 
 
Lesson 9 

11:45–12:05 Evaluations of Thinking Science Teachers analyse graphs 
Group discussion about data 
 

12:05–1:00 Baseline data 
Pre-testing and evaluation 
 

Use SRTII, Volume & 
Heaviness Test 
 

1:00–1:30 Lunch  

1:30–2:00 Assessing and recording cognitive 
development of students 
 

Marking the test recording 
data 

2:00–2:30 Planning a two-year development: 
Professional development time 
Coaching in class 
Maintaining a journal record of lessons 
and reflection on practice  
 

Brainstorm and discussion 
Discussion – which lessons, 
aspects for reflection? 

2:30–3:15 Role of technicians 
Building collegiality and sharing expertise 
and providing support 
Programming Thinking Science 
Building sustainability 

Equipment lists and 
discussion 
Identifying outcomes for 
Thinking Science 
The role of a CASE 
Coordinator 
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Session Two – Observing Pedagogy Year 7 
Term 1 Week 2 or 3, 2011 

Time Subject Activity 

1 lesson per teacher; 
3 teachers as case studies 

Detailed observations of 
pedagogy in regular science 
lessons 

Observe details of 
pedagogy 

 
 

Session Three – Administering Science Reasoning Task 
Term 1 Week 2 or 3 

Time Subject Activity 

1 lesson per Year 7 Assessing levels of 
cognition 

Administer Science 
Reasoning Task (SRT) 
to students with assistance 
from teacher 

 
 

Session Four – Meeting of Year 7 Teachers 
Term 1 Week 9 

Time – 2-hour meeting Subject Activity 

30 minutes Reflections about TS 
lessons so far 
Reflection about results of 
SRT and cognitive levels of 
students 
Difference between TS 
lessons and regular science 
lessons 

Group discussion of each 
pillar using Lessons 1 & 2 
as examples 
Discussion of Year 7 SRT 
results 
Review of journals 

1 hour Lessons 4–6 Plan lessons identifying 
lesson structures 

 
 

Session Five – Coaching Lessons, Observing Pedagogy 
Term 2 Week 2 

Time Subject Activity 
1 lesson per teacher Coaching Lesson 5 

Followed by written 
analysis and a phone 
conversation 

Team teach to make 
observations about lesson 
structure and student 
response. 
Model a no hands-up class 
discussion to include all 
students 
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Session Six – Meeting of Year 7 Teachers 
Term 2 Week 8 

Time Subject Activity 

30 minutes Discuss Lessons 4–7 
Developing collegiality 

Group discussion – what 
worked, what was 
problematic? 
What can we do to resolve 
any issues? 
Review of journals 

15 minutes Discussion of Curriculum 
Analysis taxonomy in 
relation to Lessons 4–7 

Analyse the concrete and 
formal operational thinking 
in each lesson  

45 minutes Prepare Lessons 9–11 with 
lesson structure in mind 

Prepare different lessons in 
pairs 

 
 
 

Session Seven – Observing Pedagogy Year 7 
Term 3 Week 3 

1 lesson per teacher; 
2 teachers as case studies 
 

Detailed observations of 
pedagogy in regular science 
lessons 

Observe details of 
pedagogy 

 
 
 

Session Eight – Coaching Lessons, Observing Pedagogy 
Term 3 Week 4 

Time Subject Activity 

1 lesson per teacher Coaching Lesson 10 Team teach to make 
observations about each 
pillar and student response 

  Teacher analysis of lesson 
with coach 
Phone conversation 

Discussion with teacher 
about aspects of the lesson 
which they considered went 
well and aspects that did not 
and where they would like 
to make improvements 

 
 
  



346 
 

Session Nine – Meeting of Year 7 Teachers 
Term 3 Week 9 

Time Subject Activity 

30 minutes Discussion of Lessons 9–11 
Developing collegiality 

Group discussion – what 
worked, what was 
problematic? 
Student reactions 
What can we do to resolve 
any issues? 
Review of journals 

15 minutes Discussion of Curriculum 
Analysis taxonomy in 
relation to Lessons 9–11 

Analyse the concrete and 
formal operational thinking 
in each lesson  

45 minutes Prepare Lessons 13–15 with 
lesson structure in mind 

Prepare different lessons in 
pairs 

 

Session Ten – Coaching Lessons, Observing Pedagogy 
Term 4 Week 3 

Time Subject Activity 

1 lesson per teacher Coaching Lesson 13 Team teach to make 
observations about each 
pillar and student response 

20–30 minutes for 2 
teachers in case studies 
 
Perhaps written comments 
and a ten-minute discussion 
with other teachers 

Teacher analysis of lesson 
with coach 

Discussion with teacher 
after the lesson about 
aspects of the lesson they 
considered went well and 
aspects that did not and 
where they would like to 
make improvements. We 
discuss my observations 

 

Session Eleven – Meeting of Year 7 Teachers 
Term 4 Week 8 

Time Subject Activity 

30 minutes Discussion of TS 
professional development 
Views on development of 
pedagogy 

Group discussion – what 
worked, what was 
problematic, and other 
questions 
Student reactions 
Review of journals 

15 minutes Collegiality  
Sustainability 

Discussion – what worked; 
what could help further? 

15 minutes Support over the following 
year into Year 8 
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Session Twelve- Administering Science Reasoning Task 
Term 1 Week 2 or 3 

Time Subject Activity 

1 lesson per Year 7 Assessing levels of 
cognition after 15 lessons 

Administer SRT to students 
with assistance from teacher 
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A Report on Cognitive Gains for Students 

 
 

XXXX School, Sydney 
Thinking Science 

 
A Report on Cognitive Gains for Students 

February 2011–November 2012 
 
Summary 
This report is based on an investigation into the cognitive gains of students who have participated in 
the Thinking Science intervention over a period of eighteen months. Students’ results are based 
predominantly on two Science Reasoning Tasks (SRTs) which were administered halfway through 
Year 7 and at the end of Year 8. Additional information has been drawn from interviews with 
several members of the science department and from classroom observations of both Thinking 
Science and regular science lessons. This report presents aspects of the investigation as follows: 
 
Theoretical Background of the SRTs and Levels of Thinking 
The SRTs are based on the principles used by Piaget and his colleagues when interviewing students. 
Questions are designed to probe student thinking in a way which demonstrates how students, at 
particular levels of cognition, are able to reason about problems. The qualitatively different forms of 
reasoning which occur during cognitive development are outlined, in the report, using the particle 
model of matter as an example. 
 
Socio-economic Grouping in Relation to Levels of Cognition 
Information from the Index of Community Socio-Educational Advantage (ICSEA) is used to 
indicate expected levels of cognition in the XXXX School student community. 
 
Levels of Cognition in Year 8 
A series of graphs are presented which describe the following: levels of student cognition in Year 8; 
changes in the level of cognition from Year 7 to Year 8; a comparison of levels of cognition in Year 
8 between XXXX School and the general population of Year 8 students. 
 
Effect Size 
The effect size is used to measure the degree of success, or otherwise, of an intervention. In this 
case the effect size measures the degree of success that the Thinking Science intervention has had on 
the development of student cognition for Year 8 XXXX School students by comparing it with a 
control consisting of other female students over the age of twelve who have not experienced the 
Thinking Science intervention. 
 
The Effect Size and Cognitive Levels for Each Year 8 Class 
Graphs are presented which describe levels of student cognition in each Year 8 class in which the 
final SRT was completed. This data includes only those students in each Year 8 class who 
completed SRTs in both Year 7 and Year 8. A table lists the scores for each student from both SRTs 
and includes the positive or negative gain attained at the end of Year 8. 
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Intervention Results: Analysis 
There are a number of factors known to increase the chances that an intervention, such as Thinking 
Science, will be successful in science classes. These include level of use of the intervention, fidelity 
to the research and to the professional development that forms part of the intervention, active 
involvement and shared vision of both the executive and members of the science department and a 
plan which addresses the sustainability of the intervention within a school. 
 
The Australian Professional Standards for Teachers 
The Australian Professional Standards for Teachers addressed by the Thinking Science intervention 
are listed. These include the standards addressed by this professional development program. They 
are included in the appendices. 
 
Appendices 
Appendix A: The Eight Levels of Use as teachers learn to use new pedagogies associated with the 
program. 
Appendix B: The Australian Professional Standards for Teachers which are addressed by the 
Thinking Science intervention are listed. 
 
Year 8 SRT 
In June 2011, SRTII, Volume and Heaviness (Shayer et al, 1978), based on a Piaget’s model of 
cognitive development, was administered to this cohort in Year 7, as a baseline test, to determine 
the level of cognition of each student. SRTII identifies cognitive levels from 2A to 3A. At the end 
of Year 8, SRTIV, Equilibrium in the Balance, was used to determine each student’s level of 
cognition as a result of the Thinking Science intervention which was implemented within this cohort 
from June 2011 to November 2012. SRTIV identifies cognitive levels from 2B to 3B. 
 
In each SRT, levels of cognition are described as preoperational thinking (<2A), concrete 
operational thinking (2A, 2A/2B, 2B and 2B*) and formal operational thinking (3A, >3A, 3B). 
Thinking at different levels of cognition is qualitatively different. These differences are outlined 
below, with particular reference to levels of thinking required to understand the particle model 
taught in Stage 4 of the current NSW science syllabus. 
 
A. Preoperational Thinkers: <2A – 5% of Year 7 students 

• Preoperational thinkers are able to focus on one aspect of a phenomenon, or one variable, 
which can be directly observed. This means that they are unable to use a scientific model, 
such as the particle model, to describe the behaviour of matter in terms of particles that are 
constantly moving and interacting. This is because particles cannot be directly observed and 
their interactions depend on a number of variables such as force, speed, distance apart, 
number of collisions and amount of energy.  

 
• They may understand the concept of energy in relation to themselves but are unable to 

understand the concept of energy as an amount of something. 
 

• Because of their tendency to focus on only one aspect of what is happening, they will be 
able to describe some observations of changes of state but they will not be able to fully 
describe all aspects of each physical change. 
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B. Early Concrete Operational Thinkers: 2A – 35% of Year 7 students 
• Early concrete operational thinkers still tend to be base their thinking on direct observation. 

The particles in solids, liquids and gases are abstractions that cannot be observed. Thus, they 
will not be able to use the model to describe the behaviour of particle in examples such as 
the expansion and contraction of materials. 

 
• Because of direct observation they can describe how heating causes ice to melt and water to 

evaporate. However, they still cannot understand energy as an amount of “something” or 
differentiate heat and temperature. For this reason, in addition to their inability to use a 
complex, abstract scientific model, they will not be able to relate an increase and decrease in 
energy to changes in particle movement. 

 
C. Late Concrete Operational Thinkers: 2B – 50% of Year 7 Students 

• Late concrete operational thinkers can use a concrete model in which one cause results in 
one effect but still cannot use a complex, abstract scientific model. Therefore, they are still 
unable to use the particle model to describe how particles move and interact when, for 
example, materials expand or contract. 

 
• They can understand that if heat is added the temperature increases and vice versa however 

they still cannot conceptualise heat as an amount of energy. For this reason, they cannot: 
 - relate changes in the amount of energy to particle movement 
 - conclude that increasing the amount of heat causes a change of state. 

 
• They can describe one feature at a time. They are likely to miss what is difficult to observe 

directly, e.g., condensation of gas to liquid. 
 
D. Early Formal Operational Thinkers (Early Higher Order Thinkers): 3A – 10% of Year 7 
Students 

• Early formal operational thinkers will regard the particle model as true and not hypothetical. 
They will require guidance to use this multivariate model to describe the behaviour of matter 
in terms of particles that are continuously moving and interacting. 
 

• They can generate 1:1 concrete models, e.g., if it’s a solid then it will be rigid and vice 
versa; if it’s a liquid it can be poured and vice versa; if it’s a gas it can be compressed and 
vice versa. 

 
• They will be able to use the particle model to explain simple correspondences between their 

own observations of materials and the model, e.g., hot materials expand because, when their 
particles are heated, the vibration of particles increases and they take up more space. 

 
• They can conceptualise energy as an amount of something so they can relate changes in the 

amount of energy present to changes in the amount of movement of particles. 
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• They can describe the physical changes that occur during changes of state and can consider 
more than one aspect of their observations at once. 

 
E. Late Formal Operational Thinkers (Higher Order Thinkers): >3A or 3B (the occasional 
Year 7 student) 

• Late formal operational thinkers can describe the behaviour of matter in terms of a 
multivariate, abstract particle model and use it to explain observed behaviour of matter such 
as the expansion and contraction of materials. 

 
• They can conceptualise an amount of energy and relate changes in this amount to changes in 

particle movement. 
 

• They can observe and describe the physical changes of matter in detail. 
 

• They can test hypotheses derived from the model and use it to deduce the properties of 
solids, liquids and gases. 
(Shayer and Adey, 1981) 

 
Student Data 
The Index of Community Socio-Educational Advantage (ICSEA), available from the My School 
website (http://www.myschool.edu.au/) provides an indication of the level of socio-economic 
grouping from which students at the school are drawn. Generally, socio-educational advantage is 
related to socio-economic advantage. The average ICSEA value in Australia is 1000, standard 
deviation 100. The school’s ICSEA value is 1100. This confirms that the school’s population is 
skewed towards a higher socio-economic group. 
 

Socio-economic distribution of students 

Socio-economic Data 
Bottom quarter Middle quarters Top quarter 

School 0% 10% 26% 64% 
Nation 25% 25% 25% 25% 

 
 
Generally, levels of cognition can be compared directly to socio-economic grouping. Individuals 
from lower socio-economic groups tend to score lower on tests of cognition and vice versa. As with 
the ICSEA score the distribution of cognitive levels at the school would be expected to be above 
that in the general population. 
 
Year 8, 2012 
The first graph below shows the number of numbers of students at each cognitive level in Year 8, 
2012. The cognitive level is recorded on the horizontal axis and the number attaining each level is 
recorded on the vertical axis. The graphs include only students who completed the SRTs in both 
Years 7 and 8. The twelve additional students recorded on the Year 8 graph are those students who 
attained <2B in the Year 8 SRT. 
 

http://www.myschool.edu.au/
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The second graph compares the percentage of students at each cognitive level in Year 7, 2011, and 
at the end of Year 8, 2012. This graph indicates that, in the twenty months of the intervention, the 
number of students capable of a level of thinking below the 2B, or late concrete operational level, 
has decreased from 31% of students in Year 7 to 10% at the end of Year 8. In addition, the number 
able to think at the early formal operational level, 3A, has risen slightly from 2% of Year 7 to 6% at 
the end of Year 8. Cognition develops with age, experiences and educational opportunities. The 
effect size will be seen to indicate that these levels rose independently of the Thinking Science 
intervention. 
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The following graphs compare the cognitive levels of XXXX School Year 8 students, with an 
average age of fourteen years, with other fourteen-year-olds in the general population. Cognitive 
levels in the general population have been sourced from the research of Shayer & Adey (1981) and 
of Shayer (2003). XXXX School results indicate that, at the end of Year 8, following the 
intervention, a lower percentage of students is beginning to think at the level of formal operations 
than observed in the general population. On the other hand, the percentage of XXXX School 
students thinking at a cognitive level < 2B is much less than that found in the general population.  
 
 

 
 
 
The Cognitive Levels of Students in Each Year 8 Class  
Cognitive levels are not available for Class R as this class was not tested with the final SRT. Results 
are not available for Class T as students in this class did not complete all the questions in the task. 
 
Class 1 
Effect Size = -0.37. The intervention has had no effect. 
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Class 1 Students Year 7 Score Year 8 Score Gain Score 

 6.3 4.57 -1.73 
 6.8 5.77 -1.03 
   -2.33 
 4.3 5.77 1.47 
 6 5.77 -0.23 
 4.6 6.79 2.19 
 6.3 5.77 -0.53 
 6 5.77 -0.23 
 5.6 5.29 -0.31 
 6.3 5.77 -0.53 
 5 5.29 0.29 
 5.3 6.48 1.18 
 5.3 6.79 1.49 
 5.3 6.79 1.49 
 5.3 6.79 1.49 
 6.8 6.48 -0.32 
 5.6 6.15 0.55 
 5.6 6.79 1.19 
 6.8 6.79 -0.01 
 4.3 6.79 2.49 
 6.8 6.48 -0.32 
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Class 2 
Effect Size = 0. The intervention has had no effect. 
 
 

 
 
 
 

Class 2 Year 7 Score Year 8 Score Gain Score 

  4.6 5.29 0.69 
 3.4 5.77 2.37 
 5 4.57 -0.43 
 3.9 5.77 1.87 
 4.6 5.29 0.69 
 6 7.75 1.75 
 7.3 6.48 -0.82 
 5.3 6.15 0.85 
 4.6 5.29 0.69 
 6.3 6.15 -0.15 
 3.9 5.29 1.39 
 5.6 4.57 -1.03 
 5.3 5.29 -0.01 
 5 4.57 -0.43 
 4.3 6.15 1.85 
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Class 3 
Effect Size = -0.21. The intervention has had no effect. 
 
 

 
 
 
 

Class 3 Year 7 Score Year 8 Score Gain 

 4.3 5.77 1.47 
 5.6 7.1 1.5 
 3.9 4.57 0.67 
 4.6 4.57 -0.03 
 6.3 5.77 -0.53 
 6.3 5.77 -0.53 
 3.9 4.57 0.67 
 5 5.29 0.29 
 5.3 6.15 0.85 
 5.3 5.77 0.47 
 5 5.77 0.77 
 4.3 5.29 0.99 
 5.3 5.77 0.47 
 5.3 5.77 0.47 
 5.3 5.77 0.47 
 6.8 6.15 -0.65 
 4.6 5.29 0.69 
 6 6.15 0.15 
 4.3 5.29 0.99 
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Class 4 
Effect Size= 0.1. The intervention has had no effect. 
 
 

 
 
 

Class 4 Year 7 Score Year 8 Score Gain 

 6.3 6.15 -0.15 
 5.6 6.48 0.55 
 5 7.41 2.41 
 8.1 7.41 -0.69 
 5 5.77 0.77 
 6 5.77 -0.23 
 4.6 6.79 2.19 
 4.6 6.15 1.55 
 6.8 6.15 -0.65 
 6 7.41 1.41 
 6.3 6.48 0.18 
 6 7.41 1.41 
 6 6.79 0.79 
 4.6 6.15 1.55 
 4.6 7.41 2.81 
 6.3 6.48 0.18 
 6.3 5.77 -0.53 
 4.6 5.29 0.69 
 5.6 5.77 0.17 
 5 7.41 2.41 
 7.3 6.79 -0.51 
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Class 5 
Effect Size = -0.26. The intervention has had no effect. 
 
 

 
 
 
 

Class 5 Year 7 Score Year 8 Score Gain 

 4.6 5.29 0.69 
 6.8 5.77 -1.03 
 3.9 5.77 1.87 
 5 5.29 0.29 
 4.3 5.29 0.99 
 3.4 5.29 1.89 
 6 5.29 -0.71 
 6.8 5.77 -1.03 
 5.3 5.29 -0.01 
 6.8 6.15 -0.65 
 5.6 6.15 0.55 
 6.8 6.15 -0.65 
 5.6 5.77 0.17 
 6.8 6.79 -0.01 
 5.3 6.48 1.18 

 
 
Effect Size: A Measure of the Strength of an Intervention 
The effect size of the Thinking Science intervention is a way of measuring the improvement 
resulting from its implementation in classrooms, i.e., the effect size indicates the degree to which 
the intervention has contributed to an increase in levels of student cognition compared with a 
control group which has not experienced the intervention. It is a useful way to measure the 
effectiveness of an intervention using a small sample size. It is not a statistic that confirms that there 
is a relationship between the intervention and the observed increase of students’ cognition at a 
particular confidence level. Other variables may also be involved. With this in mind, the effect size 
demonstrates the degree to which student cognition has increased over and above what would be 
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expected to occur without the intervention. This is calculated by comparing student gain in 
cognition in the experimental group with the gain of students in the control group. Student gain was 
calculated from the results of SRTs administered at the beginning of Year 7, 2011, and at the end of 
Year 8, 2012. Students who scored below 2A and above 3A in SRT I administered in Year 7 could 
not be included in the calculation of the effect size as they did not have a precise numerical score. 
Similarly, students who scored <2B in the SRT IV administered in Year 8 could not be included in 
the calculations for the same reason. 
 
The table below summarises the calculations of the effect size. The vertical column lists the SRTs 
administered. The horizontal row lists the date, numbers of students, and their mean age, score and 
cognitive level at the time of testing. 
 

Summary of Calculations of the Effect Size 
 Date Number of 

Students 
Included in 

Calculations of 
Effect Size 

Mean Age 
(years) 

Mean Score Mean 
Cognitive 

Level 

Effect Size 

 
SRTII 

 

 
Early 2011 

 

 
108 

 

 
12.6 

 
5.3 

 
2B 

 

 
SRTIV 

 

 
27/11/2012 

 
108 

 

 
14.2 

 
5.9 

 
2B 

 
0 

 
 
 

Interpretation of Effect Sizes 
(R. Coe, 2000) 

Effect Size Percentage of control group scoring below 
average person in the experimental group. 

0.0 50% 
 

0.2 58% 
 

0.4 66% 
 

0.5 69% 
 

0.8 79% 
 

0.9 82% 
 

1.1 86% 
 

1.2 88% 
 

1.3 90% 
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Effect size is interpreted within the context of the intervention. Generally, in educational studies, an 
effect size of 0.2 indicates a small effect, 0.4 indicates a medium effect and >0.8 a large effect 
(Cohen, 1988). The effect size of –0.02 indicates that the intervention has had no effect on the 
development of student cognition. 
 
Intervention Results: Analysis 
There are a number of factors known to increase the chances that an intervention will be successful. 
These include the following. 

1. The intervention is evidence based and evaluations can be provided which demonstrate its 
ability to improve student outcomes. 

2. Level of use 
3. Fidelity to the research and to the professional development derived from it 
4. Active involvement and shared vision of executive and science department 
5. Sustainability of the intervention 

 
1. The intervention is evidence-based and evaluations can be provided which demonstrate its 
ability to improve student outcomes 
Research indicates that interventions and programs which are evidence-based and which come with 
evaluations of their efficacy are more likely to improve student outcomes and teaching skills 
(Andrews, 2012). Success is also more likely if: teachers have been consulted and are convinced of 
the worth of the program; the purpose of the program and the desired outcomes are clear; there is a 
commonality of purpose between teachers, the head of science, the school executive, students and 
parents; the active involvement of all concerned; the development of effective collegiality between 
members of the faculty and between them and the school executive (Hall & Loucks ,1977; Joyce & 
Showers, 1988; Loucks-Horsley, 1996; Adey et al., 2004) 
 
2. Level of Use 
There are two aspects of level of use to consider in relation to the Thinking Science intervention. 
 
a. The effect size of any intervention is related to the level of use of the intervention. For example, 
if teachers implement four lessons over two years the effect size will not be as large as if twenty-
five or thirty lessons are implemented over the same period of time (Adey, Hewitt, Hewitt & 
Landau, 2004). Over the twenty months of the intervention teachers implemented between two and 
ten of the twenty-five lessons that could be delivered within that time frame. It is highly likely that 
this lower level of use has contributed to a low value for effect size which indicates that the 
intervention has had no effect on student outcomes. 
 
b. The effect size of any intervention is also related to the level of skill developed by teachers. The 
level of skill that teachers develop is also related to the level of use of the intervention. For 
example, it is acknowledged that teachers require thirty hours, or two years of practice and support, 
to internalise and become fluent in the use of new pedagogical skills (Adey et al., 2004; Alton-Lee, 
2008; Fullan & Hargreaves, 1991; Joyce & Showers, 1988). Eight indicators of levels of use have 
been identified as new teaching skills are acquired (See Appendix C). They each include a decision 
point at which the user makes the decision to move to the next skill level (Hall and Loucks, 1977). 
As teachers maintain their level of use of the intervention, they become progressively more skilled 
in the use of the new pedagogical approaches. They move from feeling unskilled, as they grapple 
with the new pedagogies, to becoming more skilled and then fluent in their ability to use the 
intervention in new ways that, in this case, stimulate the development of the ability to think and 
enhance teaching and learning in their classes. Classroom observations at XXXX School suggest 
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that the majority of teachers are still grappling with aspects of Thinking Science pedagogy, e.g., 
metacognitive questioning, training students to work independently in structured groups, creating a 
challenge for students as they learn and relating the challenge in the lesson to contexts within the 
experience of their students. Both aspects of level of use contribute to this. 
 
2. Fidelity to Research Evidence and its Professional Development 
Interventions supported by evidence and evaluation, such as Thinking Science, provide 
opportunities to improve student outcomes and teachers’ pedagogical skills. For this to occur, the 
theoretical research base which supports a particular approach to teaching and learning must be 
endorsed by both the school executive and members of the science department. The Thinking 
Science professional development has the potential to provide much of the necessary professional 
learning required to support the framework of enquiry learning recommended by the National 
Curriculum. It provides opportunities for teachers to practice new pedagogies which enhance 
students’ ability to become higher order thinkers by stimulating in them the intellectual capacity to 
understand scientific concepts more readily at a deep level. Pedagogical skills include how to 
engage students in a classroom, how to assist students to construct meaning at a deep level, how to 
stimulate the development of complex reasoning processes, how to pose problems and develop 
metacognition and how to assist students to analyse, evaluate and assess their own contributions to 
name a few.  
 
Professional development at XXXX School followed the program outlined by the researchers to 
some extent. Teachers participated in the one day of professional development in 2011 followed by 
a shorter meeting. Another day of professional development had been held in December 2009.  
 
The success of an intervention depends on agreement by faculty members that the intervention is a 
worthwhile endeavour that will have a positive effect on student outcomes. It also depends on their 
willingness to become active participants in the intervention. This initial agreement may not have 
been strongly established. Teachers may not have retained a clear view of the purpose of the 
intervention and its implications for student learning. All these factors can contribute to the 
observed effect size. 
 
Six teachers participated in classroom coaching to some extent with little or no time for planning, 
debriefing, or discussion. In my experience this aspect of the intervention is not well understood or 
used in Australian schools although it has been commonly referred to in the research literature on 
professional development over the past twenty years (Loucks-Horsley, 1996; Showers and Joyce, 
1996). Long-term support of teachers over a two-year period is based on the knowledge of the time 
it takes for teachers to develop new pedagogical skills, to reflect on their practice and to develop 
effective collegiality within a science faculty. The purpose of effective collegiality is to reduce 
isolation and overload by encouraging teachers to learn from and support each other. Effective 
collegiality involves critical reflection of goals and values and teaching practice within the faculty, 
and encourages supportive collaboration amongst all members of the faculty. The largest gains are 
observed when the professional development developed from the research is followed with fidelity. 
 
3. Active Involvement of the School Executive and Middle Management in the Intervention 
Research over many years indicates that active involvement of the school executive in particular 
professional development can unite teachers and executive, parents and students in a shared vision 
of the expected outcomes of the intervention for both students and teachers (Newman, 1996; Joyce 
& Showers, 1988). The executive can assist and encourage teachers’ acquisition of new skills by 
monitoring progress and providing time, finance, resources, communicating the results of the 
intervention to the wider school community, listening to teachers’ experiences and building 
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collegiality. In addition, the same research indicates a leading role by the head of department is 
generally essential for the successful implementation of an intervention. 
 
4. Sustainability of an Intervention within a School 
With the movement of staff, the sustainability of the intervention is an important practical 
consideration. Considerable effort and resources are used to implement an intervention effectively 
in a school. Effective measures need to be in place so that teachers new to the school are inducted 
into the program and their subsequent learning is supported. New teachers need to understand the 
theoretical basis for the program and the reasons for its implementation to develop a feeling of 
ownership. They need support as they acquire the new teaching skills. In many schools Thinking 
Science coordinators are appointed who can induct new teachers into the program and organise the 
support required by the professional development program (Adey et al., 2004). 
 
5. Comment 
Although no effect size was observed due to the intervention in Years 7 and 8, the problems 
experienced when implementing an intervention which requires the development of new 
pedagogical skills is not unique to XXXX School. The problems related to introducing new skills to 
teachers and the related professional development which have been outlined above, have been well 
documented in the research literature over the past thirty years. 
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Appendix A 
 
 

Eight Levels of Use 
(Adapted from Hall & Loucks, 1977) 

0. Non Use 
Decision Point: to find out more about the intervention to begin implementation. 

1. Orientation 
Is informed; explores its value and impact on user, classes, faculty and working day. 
Decision Point: decides on a time to begin. 

2. Preparation 
Prepares to use intervention. 
Decision Point: consideration is given, predominantly, to the needs of the user. 

3. Mechanical Use 
User works to master skills; focus is on user’s needs, use is often superficial. 
Decision Point: User establishes routines to follow when using the intervention. 

4. Routine 
Fluent in use of intervention. Few changes made. 
Decision Point: evaluates intervention to increase positive student outcomes. 

5. Refinement 
Use of innovation varied and adapted to increase the positive student outcomes. 
Decision Point: makes changes to improve student outcomes as a result of discussion with colleagues. 

6. Integration 
Works collaboratively with colleagues to implement intervention. 
Decision Point: Explores alternatives or modifications. 

7. Renewal State 
Explores ways to modify the implementation of the intervention to meet the particular needs of their 
students. 
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Appendix B 
 
 

Australian Professional Standards for Teachers 
 
Standard 1 – Know students and how they learn 
Proficient 
1.1 Use teaching strategies based on knowledge of students’ physical, social and intellectual 
development and characteristics to improve student learning. 
1.2 Structure teaching programs using research and collegial advice about how students learn. 
1.5 Develop teaching activities that incorporate differentiated strategies to meet the specific 
learning needs of students across the full range of abilities. 
 
Standard 2 – Know the content and how to teach it 
Proficient 
2.1 Apply knowledge of the content and teaching strategies of the teaching area to develop 
engaging teaching activities. 
2.5 Apply knowledge and understanding of effective teaching strategies to support students’ literacy 
and numeracy achievement. 
 
Standard 3 – Plan for and implement effective teaching and learning 
Proficient 
3.1 Set explicit, challenging and achievable learning goals for all students. 
3.3 Select and use relevant teaching strategies to develop knowledge, skills, problem-solving and 
critical and creative thinking. 
3.5 Use effective verbal and non-verbal communication strategies to support student understanding, 
participation, engagement and achievement. 
 
Standard 4 – Create and maintain supportive and safe learning environments 
Proficient 
4.1 Establish and implement inclusive and positive interactions to engage and support all students in 
classroom activities. 
4.2 Establish and maintain orderly and workable routines to create an environment where student 
time is spent on learning tasks. 
 
Standard 5 – Assess, provide feedback and report on student learning 
Proficient 
5.1 Develop, select and use formal and informal diagnostic, formative and summative assessment 
strategies to assess student learning. 
 
Standard 6 – Engage in professional learning 
Proficient 
6.3 Contribute to collegial discussions and apply constructive feedback from colleagues to improve 
professional knowledge and practice. 
6.4 Undertake professional learning programs designed to address identified student learning needs. 
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Appendix D 

Outlines of Concepts in Thinking Science Lessons 
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Outlines of Concepts in Thinking Science Lessons 

 
1. Lesson One 
 
Variables, values and relationships 
A variable is something that varies or differs within a group. 
One example given in this lesson is a group of blue and red triangles. 
The triangles vary in the following ways: the colour, the size, the shape, the length of the 
sides, the angles. 
 
Values refer to the description or measurement of the variable. 
Values can be qualitative or quantitative. 
Qualitative values are descriptive such as the values in the table below. 
Quantitative values are measurements such as cm, C, seconds, metres/second. 
 
Triangle variables and their values are listed below. 

 
Triangle Variables and Their Values 
Variables Values 
Colour Red, blue 
Size Large, medium, small 
Shape Equilateral, isosceles, scalene, right angled,  
Length of sides All the same, two the same, or all different 
Size of angles The same, two the same, all different 

 
In Lesson One students will usually mention colour, size and shape. Students may mention 
the length of the sides and the sizes of the angles. If you are uncomfortable with these 
variables keep to the first three because the aim of the lesson is only to introduce students to 
the concept of variables. 
 
Relationships 
There are only three possible relationships between variables. 
 

1. Example: As the mass/weight of a vehicle increases, its force needed to make it go 
faster increases. 
In general terms: As one variable increases in value the other variable increases. 
Similarly, as one variable decreases in value, the other decreases. 
 

2. Example: As the number of wooden houses increases, the number of trees in the 
forest decreases. In general terms, as the value of one variable increases, the value of 
the other decreases. 

 
3. Example: Cane toads were introduced into Queensland to control the scarab beetle. 

The cane toads were unable to control the beetle therefore there is no relationship 
between the cane toads and the scarab beetle. 
In general terms, there was no relationship between the two variables. 
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2. Lesson Two 
 
Two Variables 
Input variable, outcome variable, data 
When a scientific experiment is carried out a hypothesis is tested.  
Here is an example of a hypothesis: 
If students aged 11 and 14 swim 100 metres then the 14-year-old students will swim at a 
faster rate. 
 
Each hypothesis contains two variables. In this case the variables are: 
 

1. the students who are swimming 100 metres. 
2. the time they take to swim 100 metres. 

 
The first variable is put into the experiment by the scientist. In other words, the scientist 
chooses to test 11 and 14-year-olds in this experiment. This is referred to as the input 
variable. 
 
The second variable is measured by the scientist. In other words, the scientist measures the 
time the 11 and 14-year-olds take to swim 100 metres. This is referred to as the outcome 
variable. 
 
The input variable is chosen by the scientist. 
The outcome variable is measured by the scientist. 
 
If the outcome variable is quantitative it will be measured by the scientist. 
If the outcome variable is qualitative it will be described by the scientist. 
 
Data 
Data is a plural word. 
Data are the quantitative measurements or qualitative descriptions generated by the outcome 
variable of an experiment. 

 
 

3. Lesson Three 
 

What Sort of Relationship? 
Graphs, predict, data, quantitative data, qualitative data 
Graphs are a visual way to show the relationships between the input variable and the 
outcome variable. 
For each relationship a graph has a particular shape. 

1. As the value of the input variable increases the value of the outcome variable 
increases. 

2. As the value of the input variable increases the value of the outcome variable 
decreases. 

 
Graphs can be used to predict what will probably happen when the input variable 
increases or decreases further. 
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Quantitative data are expressed in numbers. These are usually recorded in a table. These 
data are then used to draw a graph. 
It is easier to see the relationship from a graph than from a table. It is easier to predict 
possible relationships from a graph than from a table. 
 
Qualitative data are expressed descriptively. For example, the colours of the shapes in 
Lesson One are qualitative data. 
 

 
4. Lesson Four 
 
The ‘Fair’ Test 
A fair test is another name for a scientific experiment.  
In a fair test there is an input variable and an outcome variable. These are the only variables 
that can vary in a fair test or in a scientific experiment. 
 
All other variables in the experiment must be controlled. 
Example: 
Hypothesis: If solutions of salt and sugar are heated to boiling point then the boiling point of 
each one will be 100° C. 
The input variable is the solutions of salt and sugar. 
The outcome variable is the boiling point. 

 
Other variables to be controlled or kept the same are: 

1. the concentrations of the solutions 
2. the volume of each solution 
3. the size of the beaker in which each solution is heated 
4. the depth at which the temperature is taken 
5. the time each one boils before the temperature is taken. 

 
The test would not be fair if the solutions were made with different concentrations as this 
difference may affect the validity of the results. 
The test would not be fair if different volumes of each solution were measured as this may 
affect the validity of the results. 
 
In Lesson Four the experiment tests the effect of more than one input variable therefore a 
number of hypotheses are being tested. 
Hypothesis 1: If the length varies then the pitch varies. 
Hypothesis 2: If the width varies then the pitch varies. 
Hypothesis 3: If the material varies then the pitch varies. 
 
When testing Hypothesis 1 the students have to think what else must be controlled or kept 
the same to make it a fair test. The input variable is length. The outcome variable is pitch. 
These are the only variables that can vary in this experiment.  
To ensure a fair test the other variables such as material and width must be kept the same. 
 
Relationships. As the length increases the pitch decreases. How would this look on a graph 
in general terms? 

  



372 
 

5. Lesson Five 
 

Roller Ball 
Input variable, outcome variable, relationship, data, controlling variables, fair test. 
This lesson reinforces these ideas. 

 
 

6. Lesson Six 
 

Making Groups 
Classify, characteristics 
Classifying means putting things into groups based on criteria.  
The criteria for classifying are decided by the person doing the classifying. For this reason, 
we say that classifying is arbitrary. The same set of objects can be classified in a number of 
ways depending on the criteria decided upon by the classifier. 
 
The criteria are generally based on the characteristics of the objects or organisms which are 
to be classified. 
 
Comparative words such as big, long and wide are not used because big in one situation is 
small in another, i.e., a mouse is small compared to an elephant but big compared to an ant. 
 
 
7. Lesson Seven 

 
More Classifying 
Classification continued 
In this lesson students must recognise that comparative words such as tall, big and small are 
inadequate for classification. They are given information which they can use to quantify 
these concepts so that they are useful for classification. 
For example: 
The criteria for a tall bird may be between 30 and 40 cm. 
The criteria for a small bird may be between 4 and 10 cm. 
Again, these decisions are made by the classifiers. 
 
When classifying, characteristics are selected that will effectively define particular groups of 
birds, enabling the classifier to include some and exclude others. Scientific classification has 
a purpose of providing a classification system that is useful for scientists studying birds, for 
example. 
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8. Lesson Eight 
 
Gears and Ratios 
Proportionality, ratio, scale, scaling up, scaling down 
Ratio: ratio is the relationship between two amounts or quantities. For example, the ration of 
teachers to students in our school is 1:30. A ratio compares two amounts or quantities. In 
this example the number of teachers is compared to the number of students. 
 
Simple ratios compare two numbers. One of these is usually expressed as 1. 
 
Ratios are the basis for proportions. 
 
Proportionality: How one thing is related to another according to their size or numbers. For 
example, on the human body the ratio of leg to body length is 1.5:1. For a Barbie® the same 
ratio is 2:1. Therefore a human body and a Barbie® body are not in proportion because the 
ratios of leg to body length are not the same. Thus, proportionality involves the comparison 
of two ratios. 
 
Another example: In a biological drawing of a flower the ratio of petal width to leaf width 
was 3:1. In the real plant the ratio of petal width to leaf width was 12:4. Thus the biological 
drawing was in proportion to the real plant. 
 
Scale: a scale is a size compared to something else. For example, a scale of 1 cm = 1 m 
compares the size of a map or model to the size of the real object or place. 
 
Scale models: In a scale model there is a constant ratio between the parts of the model and 
the parts of the real object. For example, if the ratio of the length of the model to the real 
object is 1:5 then the width of the model and real object will have the same ratio of 1:5. 
 
A real object can be scaled up or scaled down. For example, if the length of the real object is 
5 metres and the length of the model is 1metre, the ratio for scaling down will be 5:1. 
Another way to write this is to say that the length of the model is one fifth or 1/5 of the 
length of the real object. 
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9. Lesson Nine 
 
The Wheelbarrow 
Ratio, proportionality continued 
 
This lesson looks at a simple machine, a wheelbarrow. A machine is defined as something 
that makes work easier to do. A wheelbarrow enables us to lift a larger load with a smaller 
effort. The contents of the wheelbarrow are called the load. The force we use to lift the load 
is called the effort. In this lesson the effort is referred to as the lift. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this lesson the load and effort are compared using ratios. The load increases by 300 g for 
each measurement of the lift. A spring balance which measures in Newtons is used to 
measure the load. The Newton is the correct scientific unit of force whereas the kilogram is 
the unit for mass. 
 
When the ratios of load: lift are measured, the results are 300:1, 600:2, and 900:3. These 
ratios are all the same. This is a good example of proportionality. The ratios demonstrate 
that the load is always in proportion to the lift. 

 
 

10. Lesson Ten 
 
Trunks and Twigs 
Direct proportion, inverse proportion, compensation 
Direct proportion: when one variable increases the other increases, or when one variable 
decreases the other variable decreases. 
Inverse proportion: when one variable increases the other variable decreases. 
 
Inverse proportion is also referred to as ‘compensation’. For example, if you have a cube of 
clay and decrease the width you will increase the length to compensate. 
 
In this lesson the measurements observed are as the height of the tree increases the diameter 
of the twigs decreases. This is an inverse proportion because as one variable, height, 
increases, the other variable, diameter of the twigs decreases. 
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11. Lesson Eleven 
 
Keeping Balanced 
This lesson provides further experience with inverse proportionality or compensation. It 
provides quantitative data to describe the inverse proportions. 
 
 

 
 
If the mass x the number of notches on the left-hand side = the mass x the number of 
notches on the right-hand side, the beam will be balanced. 
In this lesson students investigate the combinations of mass and notches on the right-hand 
side which will balance those set up on the left-hand side of the beam. 
  
In this example on the left-hand side, 4 masses x 2 notches = 8. 
This can be balanced by: 

1. one mass at eight notches on the right-hand side 
2. two masses at four notches on the right-hand side. 

 
Thus, as the mass decreases the length increase to compensate and keep the product, 8, the 
same. 
This is an example of an inverse proportion because as one variable increases (length) the 
other decreases (mass). 
 
The moment of a force: in science the product of the mass and length around a pivot or 
fulcrum is referred to as the “moment of a force”. It is not necessary to know this to 
complete this activity. 

 
12. Lesson Twelve 
 
Current length and Thickness 
Electric current, electrons  
The characteristics of electric current are used in this lesson.  
An electric current in the context of this lesson can be described as a flow of electrons. 
Electrons are the small particles that orbit the nucleus of an atom. In metals they tend to be 
loosely held by atoms and so they move randomly from atom to atom. However, when they 
come under the influence of an electric force field these randomly moving electrons are 
forced to move in one direction only. Then they become an electric current. 
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All conducting wires resist the movement of electric current (electrons) to some extent. 
Therefore, the longer a conducting wire is, the more it can resist the current moving through 
it. Therefore, the longer the conducting wire, the smaller the current that will can flow 
through it. In this lesson students explore the relationship between the amount of current 
flowing and the length of the conductor. They find that, as the length doubles, the current 
halves. This is an example of compensation. It is also an example of indirect proportion. 
 
The thickness of the conducting wire also influences the amount of current that flows 
through it. When a wire is thicker it has a greater surface area around it. Because electric 
current flows along the outside of the wire it will have more room to flow if the wire is 
thicker than if it is thinner. Thus, the relationship between width and current is a direct 
proportion because as width increases current can also increase. 
 
A long thick wire can allow as much current to flow as a short thin one. Although it is long 
and therefore has an increased resistance to current, this can be compensated by the 
increasing width of the conducting wire. A short conducting wire allows a lot of current 
through but if it is thin as well this will restrict the amount of current that can flow. 
 

 
13. Lesson Thirteen 
 
Sampling Beans 
Probability, sample, representative sample, stochastic variable, parameters 
Probability refers to the likelihood that an event will happen. For example, if you flip a coin 
there is one chance in two or ½ that you will get heads or there is a probability of ½ that you 
will get heads. 
 
Sample: a sample is tested in a scientific experiment to observe which variables are present. 
For example, in an opinion poll a sample of the population is tested for particular variables 
such as attitudes to particular politicians, ideas or products. 
A Representative Sample refers to a sample which is thought to contain the same variables 
as the total population of whatever is being tested. 
 
In this lesson students observe a sample of bean seeds to find out if they are a representative 
sample of the whole population of bean seeds. This means that if shriveled, round, light 
brown, dark brown, crinkled and smooth are all variations observable in bean seeds then 
they should all also be observable in each representative sample.  
 
The assumption that a representative sample may contain all the variables present in a 
population enables us to look for relationships and possible cause and effect. For example, is 
there a relationship between small and large seeds and the length of the roots? In an opinion 
poll is there a relationship between people’s response to an issue and their preferred political 
party 
 
Biological variables are stochastic. This means that they have an element of uncertainty 
about them or there is a degree of probability about the variable. For example, in an opinion 
poll there is a degree of uncertainty about the measurement of people’s response to an issue 
and the percentages quoted do in fact contain an element of uncertainty. 
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Stochastic variables cannot be defined by only one number as can variables such as length 
or temperature. This is because they contain too much variation which cannot be observed.  
 
Instead, they are defined by two parameters. A parameter is a measurement which helps to 
describe an outcome variable such as the response to questions in an opinion poll or as in 
this lesson, the root length resulting from large and small bean seeds. 
 
In this lesson the two parameters used to define the variable of root length and seed size are 
the median and the range. The median is the middle value of data. 
 
Example: 3, 5, 8, 8, 13, 15, 15, 16, 18, 18, 20. The median number is 15 because there are 
six numbers above it and six below it. 
The range is the numerical value of the data from the smallest to the largest value. 
In this example the range is 3–20. 
 
The number in a sample is important. If a small sample of two seeds were tested many of the 
variables in the population would not be observed. As the number in the sample increases it 
is more likely that all the variables present in the population will be observed. For example, 
when conducting an opinion poll the number of variation in responses increases as the 
sample number increases. In other words, more valid information will be collected if two 
thousand people are sampled than if only one hundred are sampled. However, the 
investigator can never be sure that every variable that exists in the population will be 
represented in the sample unless the entire population is tested. 

 
 

14. Lesson Fourteen 
 
Bean Growth 
Representative value 
This lesson is about stochastic variables. The two parameters used to measure them are 
again the median and the range. For example, the median or middle value of root length is 
taken as a representative value. It is necessary to have the median value to quantify the 
relationship between bean size and root length. The range of root lengths from small and 
large beans defines the limits of measurement. 
 
The need for a median value and a range reinforces the importance of taking a large sample. 
 
In this experiment students test whether or not it makes a difference to the root if the seed is 
large or small. There is no uniform value for the outcome variable, root length so the median 
length is found. It varies and does not seem to depend on the size of the seed. The variable is 
described by its middle value and how far the values spread out around it. This is typical of 
living things.  
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15. Lesson Fifteen 
 
Multiple Chances 
Combinations, permutations 
Combinations refer to the number of combinations of two things or three things or four 
things out of a total number of things. For example, in this lesson students find all the 
possible combinations of two, three, four and five colours that a spinner could be painted.  
 
For combinations of two colours, first take green and find all the combinations of one other 
colour that could go with green. Then take another colour and check that all the 
combinations in which it could be found have been listed. Continue in this systematic way 
until every combination of two, three, four and five colours have been listed. 
 
These combinations are referred to as permutations if the order is important. 
 
 

  



379 
 

Appendix E 

Implementing the Thinking Science Lessons – Some Examples 
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Implementing the Thinking Science Lessons – Some Examples 
 
Example 1 
Lesson Three 
 
Purpose of the Lesson 
Comparison of input and outcome variables. 
To show how graphs can be used as images of relationships between two variables. 
The purpose is not about how to draw a graph. 
 
Key Words 
graphs, line graphs, predict, data 
 
Setting Up 
Set up the spring activity beforehand. 
Cool one tube beforehand. Have hot water in container for third tube. 
Have graph templates ready – labeled axes on graph paper. 
 
Concrete Preparation 
Explain the purpose of the lesson to students. 
 
Social Construction: 
Ask students to organise their structured groups – they choose a reader, encouragers, equipment manager. 
In their groups: 
Ask students to discuss for 1–2 minutes what an input variable and an outcome variable are and think of 
some examples. 
A quick no hands-up class discussion about the above. 
Ask students in their groups to discuss what a graph is and think of an example (1–2 minutes). 
A quick no hands-up class discussion about the above. 
Ask students in their groups to discuss what a line graph is (1–2 minutes). 
A quick no hands-up class discussion about the above. 
Do the same for the words predict and data (1–2 minutes). 
 
Social Construction – Cognitive Conflict for Some 
Direct students to Workcard 3A and the Notesheet. 
Ask students to complete the Activity 1 using the worksheets provided. 
 
Data Collection and Social Construction 
Ask the student groups to identify the extension of the spring that they will measure. 
Check back using class discussion. 
Observe their measuring as you go around the class. 
 
Metacognition 
Question them about it: what are they measuring, why are they measuring the way they are? How can they 
identify the input and outcome variables? What do the measurements tell them, what type of relationship 
could it be and why do they think that? 
 
Concrete Preparation 
Give each student graph paper with axes and scale labelled. Do not teach them how to plot a graph. Ask 
them to use their information and work out how to plot a line graph individually, using group discussion as 
required. 
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Example 2 
Lesson 8 
Ratio and Proportion 
 
Concrete Preparation 
Introduce ratio and gears using equipment for the lesson. 
 
Social Construction 
Ask students what ratio means and for some examples. Ask them how they would express a ratio. No hands-
up class discussion. Discuss some examples (3 minutes). 
 
Metacognition 
Ask students to justify their thinking. 
 
Concrete Preparation 
Show students the sets of gears. They have 5 minutes with each set and then swap with another group. 
 
Social Construction 
Ask students to work in structured groups. 
Refer them to note sheet for Lesson 8 (10 minutes). 
No hands-up class discussion about the ratios they worked out. 
How would they express them? 
Discuss the speed of the small wheel and how they worked it out. 
Ask student to justify their thinking (3 minutes). 
 
Metacognition/ Bridging 
Ask students for other examples of ratios in their everyday lives and how they are used. 
 
Concrete Preparation 
Two students have 2 minutes to sketch an elephant and an ant on the board. 
 
Social Construction 
No hands-up class discussion. Is each drawing bigger or smaller than real life? Why have they been drawn 
this way? Do you know how much bigger or smaller each picture is? 
Ask students to justify their thinking (metacognition) (2 minutes). 
 
Concrete Preparation 
Show a model of railway wagon. There is a constant ratio between the size of the model and a real wagon. 
Write up the scale of the model: 10:200. 
Ask students to express the ratio correctly.  
 
Social Construction 
The length of the model is 18cm, the diameter of the wheels is 3.5cm. 
Students in their groups to find the dimensions of the real car. 
If the height of the sides of the real wagon is 1.8m, how high is the model? (5 minutes) 
 
Metacognition/Bridging 
Ask students to think of another example of dimensions for a model and for the regular object. Ask them to 
justify their thinking. 
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Appendix F 

Programming Thinking Science – An Example 
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Programming Thinking Science – An Example 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Activity 2 
Scale Drawings 

 
 
Concrete Preparation 
Refer students to Workcard 8 and Notesheet 2. Ask them to work in groups. 
 
 
Social Construction 
What is a scale drawing? Why and when might we need to enlarge or reduce 
drawings? 
Give examples. What is scaling up and scaling down? In this context what does the 
scale mean? 
No hands-up class discussion (5 minutes). 
 
 
Social Construction 
Complete Activity 2 (15 minutes). 
 
 
Metacognition/ Bridging 
Ask students to thin of other examples of scaling up and down and why this is used 
in particular cases. Ask students to justify their thinking. 
 
 
Homework 
More Thinking About – a couple each night. 
Ask students to justify their thinking. 
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Appendix G 

Normality Checks 
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Normality Checks 

 
 

1. School 2 Boys 
 
 

Tests of Normality 

 
Kolmogorov–Smirnova Shapiro–Wilk 

Statistic df Sig Statistic df Sig 

Gain .108 27 .200* .969 27 .566 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 
Both the Kolmogorov–Smirnov and Shapiro–Wilk tests of normality indicate that we do not have 
enough evidence to determine the data are non-normal (both p > .05). 

 

 

 
 
As the sample size is small, I don’t think we can tell too much from this histogram. 
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This Q-Q plot indicates the data are approximately normally distributed (points sit close to the line). 
 
 

 
 
The boxplot appears symmetric. Again, this tells me that the data are approximately normally 
distributed. 
 
One possible outlier is indicated, observation #15 (Ben; gain=3.31). 
 
 
Overall: the gains from School 2 boys are approximately normally distributed. 
 
  



387 
 

2. School 2 Girls 
 
 

Tests of Normality 

 
Kolmogorov–Smirnova Shapiro–Wilk 

Statistic df Sig Statistic df Sig 

Gain .128 22 .200* .945 22 .252 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 
Both the Kolmogorov–Smirnov and Shapiro–Wilk tests of normality indicate that we do not have 
enough evidence to determine the data are non-normal (both p > .05). 

 

 
 

As the sample size is small, I don’t think we can tell too much from this histogram. 
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This Q-Q plot indicates the data are approximately normally distributed (points sit close to the line). 

 

 
 
The boxplot appears somewhat symmetric (although not as nice as some of the others—the median 
is sitting a little high). Again, this tells me that the data are approximately normally distributed. 
 
 
Overall: the gains from School 2 girls are approximately normally distributed. 
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School 3 Girls 
 
 

Tests of Normality 

 
Kolmogorov–Smirnova Shapiro–Wilk 

Statistic df Sig Statistic df Sig 

Gain score .065 108 .200* .980 108 .095 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
 
 
Both the Kolmogorov–Smirnov and Shapiro–Wilk tests of normality indicate that we do not have 
enough evidence to determine the data are non-normal (both p > .05). 

 

 

 
 
 

Can’t tell too much from this plot. Somewhat symmetric perhaps? (Which is good.) 
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This Q-Q plot indicates the data are approximately normally distributed (points sit close to the line). 
 

 

 
 

The boxplot appears symmetric. Again, this tells me that the data are approximately normally 
distributed. 
 
 
Overall: the gains from School 3 girls are approximately normally distributed. 
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Appendix H 

INFORMATION SHEET 

CONSENT FORM FOR RESARCH PARTICIPATION 
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INFORMATION SHEET 

CONSENT FORM FOR RESARCH PARTICIPATION 
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