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Abstract 

This study investigated the factors influencing learning decisions made by a 
group of teachers using as a context lessons intended to achieve conceptual 
change. To achieve this change, teachers look to move their pupils’ 
understanding of key ‘big’ scientific ideas toward versions nearer to those 
accepted as accurate by the scientific community. As one of the three 
fundamental goals of science education this context offers the potential to 
both develop science teachers and improve secondary school science 
teaching; in consequence offering the potential to enhance the learning of 
children within science lessons. The extent to which teachers’ pedagogic 
choices change with increasing experience was considered and the factors 
bringing this about investigated. The participants in this case study were 
secondary school teachers, all alumni from an English university-based 
teacher-training provider. The research intention was to better understand 
the practice of these teachers, to support teacher development within a 
specific context and to develop new knowledge of this practice that could be 
usefully communicated to a wider audience. Its original contribution to 
practice and understanding arises from demonstrating the importance to 
expose all new teachers, particularly those from school-based training routes 
to social constructivist teaching strategies and to then support them in 
adopting and retaining such strategies, as have been shown to be more 
evident in their more experienced colleagues practice. This interpretivist 
research used a ‘learning theory lens’ to consider teachers’ responses to an 
on-line questionnaire, in-depth interviews and lesson observations to 
examine their motives and the culture, philosophy and pressures 
underpinning their choices. The findings suggest differences in preferred 
teaching strategy arise from teachers’ initial teacher training, their experience 
as a teacher and the culture present in their school. Recommendations for 
the professional development of science teachers are made which include 
enhancing teacher awareness of the teaching strategies that provide 
opportunities for conceptual change. It is also suggested that within the wider 
context of schools an easing of prescriptive pupil seating policies, which often 
inhibit discourse, will improve pupils’ opportunity to achieve understanding of 
big ideas in science. Teacher discussion, and lesson observation tools based 
upon learning theory have been developed which utilise a framework of 
learning theory to encourage teacher self-reflection and peer-to-peer 
examination of teachers’ practice.  
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Chapter 1. Introduction 

 

In 2009, an international seminar identified that one of the three fundamental 

goals of science education is to develop understanding of a set of ‘big ideas’ 

and scientific concepts (Harlen, 2010). Teacher educators routinely expose 

their student teachers to a range of such ideas and to the challenges 

presented in developing children’s understanding of these ideas. In this way, 

new teachers can develop a personal rationale for the pedagogic decisions 

they make during their subsequent careers. However, once they embark on 

the process of teaching, many pressures are placed upon teachers so that 

they may no longer choose the most effective mechanisms for conceptual 

change. These pressures range from time constraints and intensification of 

role (Hargreaves, 1994), the deprofessionalisation arising from centralised 

control of curriculum and increased administrative burdens (Ross et al., 

2015), to the accountability pressures and performativity culture currently 

present (Perryman & Calvert, 2020). All such pressures have the potential to 

impact on teachers’ pedagogic decision making. 

 

This study investigated how science teachers approach their teaching, 

particularly in the context of looking to move pupils’ understanding in ‘big’ 

scientific ideas on toward more sophisticated versions of these ideas nearer 

to those accepted as accurate by the scientific community, the process 

referred to as ‘conceptual change’. The extent to which pedagogic choices 

modify with increasing experience is considered and the factors bringing 

about these changes investigated. It was this understanding, of the 
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constraints and drivers for developing teachers’ practice, that provided value 

to this study as it offered the potential to both develop science teachers and 

improve secondary school science teaching; in consequence offering the 

potential to enhance the learning of children within science lessons. 

 

The teaching strategies referred to in this work are the “system of actions” 

(Smith, 1963) used by teachers to help their pupils learn the desired subject 

matter – in this case scientific ideas. Teachers in this study were anticipated 

to draw upon their personal philosophy to identify a range of available 

learning methods and then develop a strategy to best support their learners’ 

development. This is using Strasser’s definition of teaching strategy where 

this is “a generalized plan for a lesson(s) which includes structure, desired 

learner behaviour in terms of the goals of instruction, and an outline of 

planned tactics necessary to implement the strategy” (Strasser, 1967, p.65). 

As such these actions may not be strategic, as much as the purposefully 

conceived intention of achieving a specific learning outcome. The term 

teaching method conversely could cover both strategy and techniques of 

teaching. Different strategies may be intended when using any particular 

method. Strategy is hence considered to be a wider term than method 

(Broudy, 1963). “Teaching method is what kind of activity we use in order to 

teach” (Gill & Kusum, 2017, p.6694) and refers to the procedure within an 

approach. Method can be related to the nature of content of a subject to be 

taught (Westwood, 2008, p.2) and so again vary from topic to topic. 

Hargreaves goes even further to suggest that teaching strategies are 

“creative and meaningful acts by teachers, but …also responses to 
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constraints and dilemmas” (1977, p.592) which incorporates the situational 

factors impacting on teachers’ pedagogic decision-making. For this reason, it 

is the term teaching strategies that has been utilised when describing the 

actions of teachers. 

 

To investigate the teaching strategies used by science teachers, a ‘learning 

theory lens’ developed by McGregor (2007) previously used to compare the 

intended pedagogic actions of English, maths and science teachers 

(McGregor, 2011), was applied to teachers’ descriptions of their teaching. 

The descriptions were obtained through responses to an on-line 

questionnaire, during in-depth interviews and further validated through lesson 

observations. This lens utilises characteristics of four fundamental theories of 

learning to scrutinise trainee teachers’ planning and practice, drawing upon 

examples of behaviourist, constructivist, social constructivist and socio-

cultural learning to evidence the application of each of these learning 

theories. A key development in this study, however, was to attempt a 

comparison between the evidence of teaching methods used arising from the 

learning theory lens with consideration of the motivation and constraining 

pressures underpinning the choices made by teachers of science, within a 

context of teaching for conceptual change.  

 

1.1 Rationale 

Having taught science for thirty years, I regularly talk with adults and children 

about fundamental ideas. I still see them grapple with scientific notions which 

seem illogical based upon their everyday experience but that underpin our 
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understanding of the world. My experience echoes Driver et al.’s (1994, 

p.166) observation that it is common for science graduates embarking on a 

course of teacher training to assume heavier objects fall to earth faster than 

similarly sized but lighter ones, when in fact they both experience the same 

acceleration due to gravity. Success as a science teacher hinges on my 

understanding the ideas of science plus having a sophisticated repertoire of 

strategies that enable others to develop their own accurate mental models. 

Furthermore, my current role, as a teacher educator, requires me to develop 

such pedagogic understanding within new teachers. The teachers with whom 

I work are, however, not able to select their own methods independently in an 

isolated classroom; they experience many conflicting opinions, pressures and 

structural constraints related to their work. Therefore, to maximize the 

opportunities of children with whom I have both direct and indirect contact, it 

is important that I understand how science teachers’ pedagogic practice 

develops and what influences the choices they make.  

 

My background as a researcher is in secondary science teaching and 

science teacher education in the West Midlands region of England where this 

study was based. I have developed links with schools, science departments 

and teachers over twenty years, supporting many trainee teachers. The 

research participants were alumni from a large Initial Teacher Education 

(ITE) provider, all being teachers with whom I worked during their teacher 

training. This then generated a specific instance and context to be 

investigated as a case study as described by Creswell (2013, p.97). This 

unique situation not only provided a context within which to undertake the 
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work, an understanding of its value for both future teacher development and 

consequent pupil progress in lessons across the region, but also an ethical 

dilemma regarding my relationship with these participants – an area 

considered in chapter 3. Furthermore, my understanding of the secondary 

school sector under investigation, and the discipline of science, provides a 

deep appreciation of the field and thus the ability to insightfully review shared 

experiences “and idioms of a shared language” (Le Gallais, 2008, p.146) 

when interpreting the events encountered. “The closeness of the data 

gatherer to the research participants and subject matter provides the 

opportunity for developing an in-depth understanding (Roller & Lavrakas, 

2015, p.5)”. Such in-depth understanding then offers the opportunity to 

develop new knowledge and communicate this further within the science 

education community. 

 

1.2 Aims, objectives and outcomes 

Social constructivist teaching strategies, where pupils and teachers work 

together to explore key ideas, have been shown to improve both conceptual 

learning and retention (Solomon, 1987). Such strategies are espoused in 

both literature regarding conceptual change (Driver et al., 1994, Taber, 2009 

and Ross et al., 2015) and in the practice encouraged nationally in science 

teaching both by Ofsted (2013) and in the National Curriculum (Department 

for Education, 2013).  Yet Clarke and Erikson found that much of the practice 

in science departments reflected school managers’ “efforts to control 

classroom practices and to have teachers conform to a set of prescribed 

behaviours” (2006, p.1), which deters collaborative working. This was 
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considered a reductionist view, that teaching is “a process of delivering 

information and testing students for its reception and retention” (Schön, 1992, 

p.121). Hence, it was valuable to investigate any current effect of exposure to 

any such controlling pressures on teachers’ practice over time.  

 

In line with Ewing and Manuel’s (2005) work on early career teachers, this 

research anticipated that a development might be seen in the beliefs and 

pedagogic decision making applied by newly qualified teachers through 

several critical phases as they gain experience. Conversely it might have 

been apparent that the “early idealism of the newly appointed teacher can be 

buffeted and undermined by …the growing realization that there may be 

endemic school-based and system-wide challenges” (Ewing & Manuel, 2005, 

p.7). Perhaps, despite a developing view of what techniques support effective 

conceptual change in their pupils, new teachers may be seen to display a 

need to “comply with prevailing routines, rituals and sub-culture of the 

staffroom” (Ewing & Manuel, 2005, p.7). 

 

1.3 Research objectives 

The conflicting demands on teachers in the context surrounding science 

teachers’ planning for conceptual change stimulated several objectives for 

this research. Firstly, it was intended to better understand what pedagogical 

practices are used by science teachers within the context of lessons intended 

to bring about conceptual change in pupils. Having identified practices 

evidently in use, those adopted by different groups of teachers could then be 

considered for similarities and differences particularly to see if they develop 
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or change with increasing experience or in particular contexts. It was then 

possible to investigate the range of reasons for teachers adopting the 

practices they do, particularly to reveal what factors are at play within 

teacher’s pedagogic decision making. Recommendations could be made for 

those undertaking both initial teacher education and ongoing professional 

development to help ensure the best available strategies are utilised in these 

contexts. Following a review of relevant literature, these objectives were 

developed into three specific research questions and are presented in 

chapter two, section six. 

 

1.4 Significance and Importance 

As a science educator working in the West Midlands region of England, I am 

acutely aware of the performance of children in schools in this area. In July of 

2016, the regional HMI, Lorna Fitzjohn wrote to the chief executives of the 

four Black Country councils to express concerns about the performance of 

schools in the region indicating “in the Black Country: pupils’ achievement by 

the age of 16 is poor in comparison with pupils elsewhere in the West 

Midlands and nationally” (Fitzjohn, 2016). This concern arose from 2016 

school performance data (Department for Education, 2017) that showed 

secondary schools in all four authorities in the Black Country region have 

below average progress 8 scores (this score shows how much progress 

pupils at school make between the end of key stage 2 and the end of key 

stage 4, compared to pupils across England who achieved similar results at 

the end of key stage 2). Similarly in the measure of how many pupils attain a 

GCSE grade ‘C’ in English and maths, it is the case that in every one of 
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these authorities the figure is at least 15% below the national average 

(Department for Education, 2017). It is not even the case that overall 

performance in science has varied nationally or internationally: for example, 

the 2016 PISA report (PISA, 2017) which focused specifically on 15 year olds 

science skills and knowledge, showed that in England average scores in 

science have not changed since 2006 and remain significantly above the 

OECD average, but “the gap between the highest and lowest achieving 

pupils in science is … bigger in England than in many other OECD countries” 

(Jerrim & Shure, 2016, p.5), and many of these low achieving pupils are 

present in the region where this study is set (EPI, 2019). 

 

According to The Department for Education’s interpretation of 2015 PISA 

data “White pupils in England also obtain higher scores than their Black and 

Asian peers” (Jerrim & Shure, 2016, p.7). In addition, the region where this 

study is set has high proportions of disadvantaged pupils, and more from 

ethnic minority backgrounds (the West Midlands region has a higher 

proportion of ethnic minorities than any other region in England and Wales 

with the exception of London (Office for National Statistics, 2011)), using the 

government definitions of ethnic minority as Indian, Pakistani, Bangladeshi, 

Other Asian and Black (Department for Education, 2015). Indeed, it is now a 

key part of the Department for Education 2015- 2020 strategy to “deliver real 

social justice by ensuring that irrespective of location, prior attainment or 

economic or social background, children and young people have access to 

high-quality provision” (Department for Education, 2016, p.9). Consequently, 
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any work that improves science education in this government region has to 

be valuable. 

 

More generally it has long been recognised, particularly by those involved in 

science education at university level (Driver et al., 1994; Ross et al., 2015), 

that children develop ideas about natural phenomena before they are taught 

science in school. In some cases, these ideas are in keeping with that which 

is taught, but more often they have much in common with humanity’s earlier 

incorrect assumptions about the world which took centuries to correct, such 

as the move from a geocentric to heliocentric view of the relationship 

between the Sun, Moon and Earth (Nussbaum & Novak, 1976; Sharp & 

Kuerbis, 2005). If therefore we are to make the most of children’s time in 

school, teachers need to be supported to develop and utilise the most 

effective teaching strategies available. “It is not… what pupils learn, but how 

they learn it that matters… intervention in the process by which this capability 

develops is the route to fundamentally improved life chances in the 

population of learners”(Adey & Shayer, 1994, p.10). 

 

Within the context of Initial Teacher Education, the Teachers’ Standards to 

be met by all teachers in England (Department for Education, 2011) require 

them to have “knowledge and understanding of how pupils learn and how this 

impacts on teaching”, to “address misunderstandings” and “develop effective 

professional relationships with colleagues, knowing how and when to draw 

on advice and specialist support” (Department for Education, 2011). 

Furthermore, guidance related to this recognises that the best new teachers: 
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Demonstrate very well-developed pedagogical subject knowledge, 
by anticipating common errors and misconceptions in their 
planning.  They are astutely aware of their own development needs 
in terms of extending and updating their subject, curriculum and 
pedagogical knowledge in their early career and have been 
proactive in developing these effectively during their training… they 
have an astute understanding of how effective different teaching 
approaches are in terms of impact on learning (UCET-NASBTT, 
2012). 
 

It is then of fundamental importance to teacher educators that they facilitate 

such understanding of the most effective teaching strategies. However, the 

changing context for initial teacher training set out in the Department for 

Education strategy, `Training Our Next Generation of Outstanding Teachers’ 

(Department for Education, 2011), meant that schools took on increased 

responsibility for all aspects of training. This fundamentally changed the 

character of initial teacher education and potentially reduced the involvement 

of university science teacher educators in teacher education, the very people 

who study deeply how pupils’ learning of science can be maximised. 

 

As a consequence of the above, as a university-based science teacher 

educator, I have a responsibility to ensure that my understanding of teacher 

practice, development and context is as secure as possible and disseminated 

effectively. Moreover, by better supporting schools to take more responsibility 

for training their own teachers, I can contribute to a stronger more resilient 

teaching workforce and therefore to schools more generally so supporting 

Ofsted’s aim for a “better science education to secure a strong foundation for 

a successful and technological society” (Ofsted, 2013, p.4). Furthermore, the 

PISA report commented on how for teachers in England (particularly year 9 

science teachers) job satisfaction is low compared to teachers in most other 
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countries. “Only pupils in Japan were taught by teachers with lower levels of 

job satisfaction at year 9. In England, there is an association between pupils’ 

average achievement and the level of their teachers’ satisfaction” (Greany et 

al., 2016, p.146). 

 

The difficulty is that, although the government recognised in the national 

curriculum, “through building up a body of key foundational knowledge and 

concepts, pupils should be encouraged to recognise the power of rational 

explanation and develop a sense of excitement and curiosity about natural 

phenomena” (Department for Education, 2013, p.2). Schools and society 

increasingly measure the success of this through examination performance, 

yet “getting the grade is not the same as ‘getting’ the science” (Ofsted, 2013, 

p.26). It is against this background that this study into the strategies adopted 

by science teachers when teaching for conceptual change originated. This 

study has the potential to reinforce the evidence that teacher pedagogy 

changes with classroom experience but also considers if this is a useful 

progression or if factors within a school environment hinder teachers from 

making the most effective pedagogic decisions for conceptual change in 

science. Only through an understanding of this can practitioners be helped to 

maximise their pupils’ achievement through the best use of the techniques 

available to them.  
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1.5 Research design 

The research was carried out within an interpretive paradigm (Cohen et al., 

2007), being naturalistic in approach, as it intended to enable developments 

in initial and continuing science teacher education to be identified and 

analysed. It is an intrinsic case study as described by Creswell (2013, p.99) 

as the situation and context is unique to the teacher training programmes 

selected. As a consequence of this approach opportunity for development of 

both myself as a researcher and those in the community within which I 

operate has arisen. The meanings and purposes described by those 

participating in this specific case have been used to “yield insight and 

understanding of their behaviour” (Cohen et al., 2007, p.22), and 

consequently the behaviour of science teachers more generally. Findings 

have been utilised to show reality whilst accepting that my subjectivity as a 

researcher has essentially shaped the observed form of that reality.  

 

This work focused on the practice of a group of teachers, who were all past 

participants on the secondary science teacher training programmes at an 

English university thus setting the boundaries of the case in question. The 

design comprised three components: a pilot e-questionnaire, individual 

interviews and lesson observations. The first of these was used to ascertain 

broad views and produced responses from ninety teacher-training alumni 

from the University’s science programmes covering the preceding ten years. 

These responses also identified nine teachers who were willing to participate 

in in-depth interviews and from these, three were selected for observation of 

their science teaching in practice.  
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The questionnaire (appendix 2) was piloted, and a preliminary interview 

(appendix 4) undertaken with a group of trainee science teachers and initial 

analysis clearly showed the potential to produce rich and relevant data. It 

was the case, however, that although the questionnaire produced a suitable 

pool of participants, it only provided general descriptions of teaching 

strategies, so the interview and observation stages proved to offer the 

greatest potential for meaningful insights into teachers’ practice and contexts. 

These latter research tools are illustrated in appendix 7 (script for interviews) 

and appendix 10 (lesson observation matrix). 

 

An analytical framework was developed from learning theory research and 

related to that justified by McGregor (2011). This ‘learning theory lens’ was 

utilised to consider descriptions of teaching actions at each stage of the 

research process and constraints and drivers for choices made were 

revealed through analysis of descriptions of contexts and experiences. This 

lens was developed by McGregor (2007) and had previously been used to 

compare the intended pedagogic actions of trainee English, maths and 

science teachers (McGregor, 2011). A key development in this study, 

however, was to attempt a comparison between the evidence of teaching 

strategies used arising from the learning theory lens with a consideration of 

the philosophy and pressures underpinning the choices made for these by 

teachers of science using the context of teaching for conceptual change. 

Models of school culture developed from Hargreaves (1994) were adapted to 
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provide a stimulus for teachers’ descriptions of their context and as a 

subsequent framework for analysis. 

 

1.6 Structure of thesis 

This thesis describes the literature associated with, methodology for, process 

and findings of a study intended to better understand the teaching strategies 

used by different groups of teachers and the factors impacting on their 

decision making. It comprises of five chapters, starting with this first 

introductory chapter, which outlines the context for this research, its aims, 

importance, informing theories and research design. 

Chapter 2 is an exploration of the literature related to learning theory and 

education for conceptual change in science. The conceptual framework of 

learning theory that underpins this research is introduced and it considers 

school culture, models for school culture present in literature and the 

contexts in which teachers operate. This then translates the research 

objectives into three specific research questions. 

Chapter 3 outlines the design used for this research. The paradigm under 

which it operates is explored and its epistemological position is described. 

The theoretical perspective adopted by the author and the subsequent 

methodology are considered. Methods used to investigate the research 

questions are detailed with ethical issues presented and examined. The 

chapter ends with a consideration of the positionality of the researcher and 

the role of reflexivity in the findings. 

Chapter 4 addresses the data and findings related to each research question 

in turn. The findings from each research instrument are presented and 
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analysed for each area of inquiry. Each section finishes with a review of 

outcomes for each question and the conclusions that can be drawn. It ends 

with discussion of a prominent issue emerging from the data, that of pupil 

seating and grouping arrangements, an area not anticipated at the outset but 

arising from the findings and meriting separate consideration.  

Chapter 5 provides a review of the findings from the study and presents 

recommendations that can be made. These are considered for schools and 

participants, the researcher and other science educators, education in 

general and those intending to repeat this work. Areas appropriate for further 

study are reviewed and final conclusions are presented. 
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Chapter 2. Literature Review - Learning 

Theories, Scientific Ideas, Conceptual 

Change and School Culture. 

2.1 Introduction to the chapter 

This chapter reviews the relevant literature associated with teaching for 

conceptual change, the development of science teachers and in this context, 

the influence of school culture. It considers ideas related to pupils’ learning, 

how they learn and the pedagogic choices that can be shown to support this. 

The typology for analysis used in this thesis is one that has been used in 

similar professional settings to describe the pedagogic strategies employed 

by teachers to promote for learning and so its origin is explored. The context 

chosen for this investigation is lessons on areas of scientific knowledge, 

typically referred to as big ideas (Harlen, 2010; 2015) and scientific concepts 

(Driver et al., 1994). These are discussed and the ways ideas about these 

concepts can change as pupils and adults mature and encounter phenomena 

are reviewed.  This is applied to the professional development of science 

teachers and then the cultural context of teaching is introduced to enable this 

latter notion to be explored as a potential factor impacting upon teacher 

pedagogy. 

 

This investigation into teacher pedagogy within the specific context of 

conceptual change in science required a review of several areas of literature, 

an iterative process undertaken as the methodology developed. As outcomes 

emerged following each stage of data collection further searches were also 
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undertaken. The main themes for this work were taken in turn and a 

chronological approach taken to literature review. These themes were 

learning theory, conceptual change in science, teacher education, teaching 

contexts and culture. Major writings were first considered with papers 

developing or derived from these ideas subsequently reviewed.  

 

Sets of criteria for sources to be included were developed following the initial 

review of material. These included, for each theme, the match to the specific 

instance and context of the research. The key themes, their currency, 

geographical relevance and authority of the author(s) were reviewed. With 

currency although the earliest relevant items were considered first, particular 

emphasis was given to recent material and that published close to the time of 

data collection. Geographically, the research area being the West Midlands 

region of England providing the primary focus, and English government and 

academic sources were assigned the highest authority. The main search 

terms, inclusion and exclusion criteria utilised were therefore as indicated in 

table 1 below: 

Table 1 Literature search terms and inclusion criteria 

Key theme Main search terms 
(coverage) 

Inclusion criteria Exclusion 
criteria 

Learning theory Learning theory; children’s 
learning; science education; 
secondary schools; 
behaviourism; 
constructivism; social 
constructivism; socio-cultural 
learning 

High currency (published 
recently or close to the time 
of data collection) 

Low currency 

 

Good geographical relevance 
(relates to the English school 
system or the West Midlands 
region of England) 

Low geographical 
relevance 

High authority (English 
government and academic 
sources prioritised) 

Low authority 

Links to other key themes No link to other 
themes 



 25 

Conceptual 
change in 
science 

Key concepts and big ideas 
of science; fundamental 
ideas in science; children’s 
ideas in science and 
conceptual change; 
conceptual development; 
learning theory; teaching 
strategies for conceptual 
change in science; 
misconceptions in science; 
alternate conceptions 

High currency (published 
recently or close to the time 
of data collection) 

Low currency  

Good geographical relevance 
(relates to the English school 
system or the West Midlands 
region of England) 

Low geographical 
relevance 

High authority (English 
government and academic 
sources prioritised) 

Low authority 

Links to other key themes No link to other 
themes 

Teacher 
education 

Initial teacher training; 
teacher professional 
development; teacher 
pedagogy; learning theory; 
science teaching; 
pedagogical content 
knowledge (PCK) 

High currency (published 
recently or close to the time 
of data collection) 

Low currency  

Good geographical relevance 
(relates to the English school 
system or the West Midlands 
region of England) 

Low geographical 
relevance 

High authority (English 
government and academic 
sources prioritised) 

Low authority 

Links to other key themes No link to other 
themes 

Teaching 
contexts and 
culture 

Secondary school structures; 
school culture; school ethos; 
teacher contexts; initial 
teacher training and school 
culture; teacher professional 
development and school 
culture 

High currency (published 
recently or close to the time 
of data collection) 

Low currency  

Good geographical relevance 
(relates to the English school 
system or the West Midlands 
region of England) 

Low geographical 
relevance 

High authority (English 
government and academic 
sources prioritised) 

Low authority 

Links to other key themes No link to other 
themes 

 

Once analysis of data demonstrated the role of classroom seating 

arrangements in teacher choices, a literature search in that area was also 

undertaken following the sequence: 

 



 26 

Table 2 Literature search terms and inclusion criteria for classroom seating 
arrangements 

Key theme Main search terms 
(coverage) 

Inclusion criteria Exclusion 
criteria 

Classroom 
seating 
arrangements 

Pupil seating arrangements; in 
lesson grouping; seating plans 

High currency (published 
recently or close to the time 
of data collection) 

Low currency  

Good geographical 
relevance (relates to the 
English school system or 
the West Midlands region 
of England) 

Low geographical 
relevance 

High authority (English 
government and academic 
sources prioritised) 

Low authority 

Links to other key themes No link to other 
themes 

 

Literature searching began with University library catalogues and associated 

databases (which includes the British Library, SUNCAT, WorldCat and 155 

other catalogues), relevant professional bodies (including the Association for 

Science Education, Institute of Physics, Royal Society of Chemistry and 

Royal Society of Biology), then web-based searches using the key themes 

(learning theory, conceptual change in science, teacher education, teaching 

contexts and culture) as search terms.  Identified material was initially 

collated, considered for match by abstract and where still matching the 

research objectives a full read undertaken.  

 

Once the above literature searching strategies had been employed, the 

material matching the above themes, inclusion and exclusion criteria was 

included or discarded. The reporting of search outcomes below therefore 

follows the above process. 
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2.2 Learning Theory 

In this study, considering the actions of teachers, an underlying assumption 

is that these teachers make decisions based on intuitive reasoning related to 

pedagogic strategies. To rationalise teaching strategies, ideas and literature 

associated with learning need consideration. Two key ideas with current 

traction that underpin any analysis of learning, and pedagogical strategies 

utilised to promote this, are constructivism and social constructivism (Ross et 

al., 2015). Both of these arose from dissatisfaction for theorists with the 

behaviourist philosophies originating at the start of the twentieth century 

(Kelly, 1955; Ausubel et al., 1968), though application of all three such 

theories is evident in the practice in current classrooms. Hence given that a 

significant feature of this research is on classroom observation of such 

processes in action, a critique of these key theories is important.  

 

Behaviourist educational theory originated from Thorndike (1911), and 

Watson (1913), who investigated animal intelligence and applied their 

findings to human learning. In this context, they used rewards and 

discouragements to encourage a positive association with a desired 

response and so imply learning to have taken place as demonstrated by the 

acquisition of new behaviours. Versions of behaviourism developed from this 

point in the twentieth century to the extent that it can be viewed as the 

dominant perspective on learning until the 1970s (Pollard, 2014). A science 

of teaching developed encouraging adoption of such models which 

demonstrate whole class, didactic approaches (Pollard, 2014, p.36).  
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The idea being knowledge is transmitted (hence the description 

‘transmissionist’) and through practice learners are then able to demonstrate 

mastery of skill or knowledge through repetition and drill. In this model 

Pollard describes the learner as cognitively “passive, leaving the selection, 

pacing and evaluation of learning activity to the teacher” (2014, p.36). 

Behaviourism uses only externally observable inputs and outputs to 

determine what governs learning, for as argued by McGregor (2007) within 

this approach measures of learning are determined only through observable 

phenomena with no recognition of independent mental activity on the part of 

the learner, hence missing a key component in the process – the 

engagement of that learner.  

 

Skinner (1974) took behaviourist ideas further and following work with 

animals developed ideas of how the sequence of stimulus, response, 

reinforcement and consequence could bring about learning. Wellington and 

Ireson (2012) argue that teaching based on behaviourism is still widely 

present in all schools, such as in the use of standard assessment tasks for 

spelling and arithmetic. Here the role of positive reinforcement on children’s 

work and effort reflects Skinner’s (1953) ideas and he discourages 

punishment “as of limited value...in supporting learning” (Pollard, 2014, p.36). 

There is value in progressively building steps in learning (Gagné, 1965) and 

this is illustrated in the current staged organisation of the National 

Curriculum; however, this places the adult in charge of the process and omits 

the need to connect with the learner’s existing knowledge. A balanced 

perspective is most evident in Pollard’s view, where it is “the responsibility of 
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teachers to interact with pupils so they actually learn, not simply to expose 

them to subject matter and drill” (2014, p.37) and so he encourages the use 

of behaviourist methods only where they are fit for purpose such as in the 

development of specific skills. Here the repetition of the use of a burette in 

developing the manipulative skills for volumetric analysis would be an 

example in a science context. Such a context is therefore not useful when 

science teachers are looking to achieve conceptual change, as is the context 

in this thesis. 

 

The constructivist model of learning is a theoretical framework that suggests 

learning builds ideas upon pre-existing knowledge. Furthermore, 

constructivists suggest that learning is more effective when a student is 

actively engaged in the learning process rather than attempting to receive 

knowledge passively. An example of such, seen in one observed lesson, 

would be to get pupils to construct a cooling curve for wax after observing the 

process and recording temperatures for themselves. Constructivist teaching 

methods can be considered to originate from the child development research 

of Jean Piaget (Piaget & Inhelder, 2000).  

 

Piaget, a Swiss psychologist, approached learning from a biological 

perspective, which favoured genetically determined progression in learning 

as children mature. He identified a sequence of stages in child development 

extrapolated from tests on his own children, that he considered need to be 

addressed in a hierarchal manner for capacity with ‘concrete’ or eventually 

‘formal’ cognitive operations to be achieved. It was his view that children 
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have to play an active part in their learning with hands on experiences of the 

world, to enable them to “construct their own reality” (Piaget, 1955). It is this 

model of the child actively constructing their own view of the world that gave 

rise to the term constructivism.  

 

In this constructivist model, teachers provide opportunities for learners to 

develop their own individual understandings following active experimentation 

with materials, objects and ideas. Hence pupils develop a personal 

understanding of the world around them. “The teacher cannot ensure that 

learners acquire knowledge just by having the teacher dispense it; a learner 

centred, active instructional model is mandated” (Fosnot, 1989, p.20). This 

Piagetian, constructivist view was promoted in the Plowden report (Central 

Advisory Council for Education, 1967), and the idea of age-related cognitive 

development still lies at the heart of our chronological system of school years 

and examinations, even though much of Piaget’s ideas about learning have 

been criticised (Brown & Desforges, 2013; Siegel & Brainerd, 1978; Bliss, 

1993).  Much of this criticism is based on how age-related development 

under-estimates children’s capacity such as that by Donaldson (1978), who 

showed greater intellectual abilities could be demonstrated by children when 

presented with meaningful situations. A further challenge for this model is 

that it “over-emphasises self-discovery by the individual and ignores the 

social context in which learning takes place” (Pollard, 2014, p.39). 

 

In a social constructivist model, many aspects of constructivism are shared 

but mental development is seen as originating in a social context. Indeed 
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Vygotsky, a Soviet psychologist working in the early twentieth century, 

claimed “ideas appear first in the social space and then become internalised 

by the individual” (Adey, 2006, p.4). In other words, personal internal 

constructs develop from social interaction and the influence of history and 

culture. It is argued that care must be exercised in the use of Vygotsky’s 

ideas for two reasons: firstly because his work was published posthumously 

and some of his comments may not have been intended for publication and 

secondly as translated from the original Russian many versions contain 

mistakes and outright falsifications (Newman, 2018). The fact that Vygotsky 

lived during the Russian revolution is often also argued to have influenced his 

work (Gonzalez Rey, 2009; Yasnitsky, 2011). Vygotsky however developed 

the notion that individual cognitive development was subject to the “dialogic 

interplay between nature and history, biology and culture, the lone intellect 

and society” (McGregor, 2010, p.60). Vygotsky had concluded that: 
Children solve practical tasks with the help of their speech, as well 
as their eyes and hands. This unity of perception, speech and 
action, which ultimately produces internalization of the visual field, 
constitutes the central subject matter for any analysis of the origin 
of uniquely human forms of behaviour (Vygotsky, 1978, p.26). 

 

Social constructivism “retains a central notion of thinking and understanding 

originating through social interactions which then inform personal 

constructions of meaning” (McGregor, 2007, p.54). The constructivist view of 

how knowledge is formed had viewed the reverse – in flowing from 

interactions with the non-human environment towards an exchange with 

others. It was Vygotsky’s work that subsequently influenced theorists to 

consider this to be the opposite way round. Leont’ev summarised Vygotsky’s 

ideas about the importance of social interaction in cognitive development in 
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the form “Higher psychological processes unique to humans can be acquired 

only through interaction with others, that is, through interpsychological 

processes that only later will begin to be carried out by the individual” 

(Leont'ev, 1981, pp.55-56).  

 

A term scaffolding was introduced by Wood, Bruner and Ross (1976) to give 

an operational structure to the Vygotskian idea of teaching in the zone of 

proximal development (ZPD). This ZPD is the distance between what a 

student can do with and without help (Vygotsky, 1978), and is used by Wells 

(1999) to explain the social and participatory nature of teaching and learning. 

McGregor (2010) was able to use this to show significant cognitive gains for 

learners when other collaborating peers offered scaffolded support, hence 

showing the potential gains offered by social interaction in learning. The 

notion of scaffolding can, however, still be criticised as it only really views 

teaching as a one-way process where the teacher presents a ready prepared 

scaffold for the novice to use (Daniels, 2001, p.59) but this then overlooks the 

potential for a teacher to step in to help during challenging activities as and 

when required. 

 

 Rogoff (1990) subsequently went on to further develop these ideas into a 

concept of guided participation or apprenticeship, showing how both external 

guidance, and individual participation are essential to develop thinking and 

learning. She described how this process involves both building bridges from 

existing to new understanding and skills through a careful arrangement of 

children’s participation in activities. Here “children use social resources for 
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guidance… in assuming increasingly skilled roles in the activities of their 

community” (Rogoff, 1990, p.8). This led to a perspective on learning theory 

referred to as socio-cultural which arose through Rogoff’s (1990) view that 

learning is a process of appropriating 'tools for thinking', which are made 

available by social agents who initially act as interpreters and guides in the 

individual's cultural apprenticeship. Rogoff suggested that Vygotsky (1978) 

was the first to consider the place of cognitive development in sociocultural 

activity in his work ‘Mind in Society’.  

Central to Vygotsky’s theory is the idea that the children’s 
participation in cultural activities with the guidance of more skilled 
partners allows children to internalise the tools for thinking and for 
taking more mature approaches to problem solving that children 
have practiced in social context. Cultural inventions channel the 
skills of each generation, with individual development mediated by 
interaction with people who are more skilled in the use of the 
culture’s tools (Rogoff, 1990, p.14). 
 

Indeed, Vygotsky is often termed “the ‘father’ of sociocultural theory” (Swain 

et al., 2011, p.xvi); however a flaw here is Vygotsky’s assertion that one can 

know what a learner is thinking, rather than only infer it from their behaviour. 

 

Both Piaget and Vygotsky shared this view that working with a peer who has 

more advanced skills provides the most likely context for children to change 

their thinking. In Piaget’s view, “cognitive conflict provides an impetus for 

children to seek equilibrium at a higher level…especially if it involves 

problem-solving at a level just beyond that of the child” (McGregor, 2010, 

p.77). This corresponds with how Vygotsky valued interactions in the zone of 

proximal development where expert and novice work collaboratively on a 

task just beyond the level of the novice. “Some authors suggest that children 

would be most likely to change their thinking when faced with a perspective 
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that fits reality better than their own” (Rogoff, 1990, p.173, my italics). The 

support for this being in the context of how pairs of subjects perform on tasks 

by Kuhn (1972) and Mugny & Doise (1978), and in the Dreyfus & Dreyfus 

(1980) advocacy of an apprenticeship model to efficiently support skills 

acquisition. As a consequence, the above authors suggest that, of these four 

learning theories, this final socio-cultural strategy which accommodates but 

extends both Piaget’s and Vygotsky’s ideas is the most likely to achieve 

successful learning in the context of conceptual change. “The most effective 

social interaction is one in which joint problem-solving occurs, guided by an 

individual who is skilled in the use of these intellectual tools” (McGregor, 

2010, p.76). 

 

The behaviourist and constructivist models of learning then can be seen as 

quite different, with social constructivist and socio-cultural models being 

developed from constructivist ideas. One of the most successful thinking and 

learning intervention programmes in science to apply such ideas was the 

CASE programme (Cognitive Acceleration through Science Education) (Adey 

et al., 2001). CASE was able to show significant learning gains, as measured 

by GCSE performance in English, Science and Maths, as an outcome of a 

two-year intervention programme (Adey & Shayer, 1993 and Shayer, 1999). 

This involved pupils working together in groups, maximizing opportunities to 

work and talk as ‘peer coaches’ so applying aspects of social constructivist 

and socio-cultural learning. Such evidence for the effectiveness of these 

models or theories of learning led McGregor (2007) to successfully develop 

descriptions of teacher actions and apply them to compare the pedagogy of 
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science, maths and English teachers (McGregor, 2011). This project, funded 

by ESCalate, part of the Higher Education academy, applied learning theory 

to research the pedagogy adopted by beginning teachers and showed it was 

possible to use the learning theory framework to both scrutinize plans 

(intentions), and teaching (in-action) to determine whether the learning is 

behavioural, constructivist, socially constructivist or socio-cultural in nature 

(McGregor, 2011). As a mechanism to meet the first objective of this 

research, to better understand what decisions are made by science teachers 

within the context of lessons intended to bring about conceptual change in 

pupils, the learning theory models developed in the ESCalate project offered 

an approach to achieve this. 

 

The ESCalate project used, as an analytical framework, examination of plans 

to quantify the number of times each different model of learning was 

promoted. In adopting this approach, the project authors recognised one 

limitation of this method was that the duration of each episode was not 

considered. They recommended that, should the time be available to engage 

in such scrutiny, it would provide an enhanced level of analysis. 

Consequently, for this work the first two research questions (as in section 

2.7) took this conceptual framework as a lens through which to view both the 

descriptions of practice and observed actions of science teachers and 

selected a method for observation that enabled an examination of how long 

each learning episode lasted. Typical features evident in teachers’ intentions 

and actions as understood by McGregor (2011) and used as a conceptual 

framework, through which to analyse responses are summarised in table 3. 
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Table 3: Key features evident in teachers’ intentions and actions. Taken from 
McGregor (2011, p.4) 

 Strategies Key features of analytical framework to scrutinize teachers’ 
intentions and actions 

Behaviourist Teacher telling/repeating information 

Teacher giving instructions 

Teacher modelling expectations 

Students mimicking or repeating expected behaviours 

Students watching expert-in-action 

Lack of acknowledgement of cognitive processing 

Constructivist Teacher presents tasks that individuals should do 

Teacher asking directed questions (to individuals) 

Teacher expecting students to figure out answers individually 

Teacher asks challenging questions 

Individuals expected to think about phenomena or observations 

made 

Social 

Constructivist 

Teacher asking questions of groups or collective 

Teacher asking more open questions 

Teacher encouraging student to share and discuss ideas in groups 

Teacher presents tasks and learning activities that requires active 

participation 

Teacher nurturing co-operative and supportive learning environment  

Teacher expects learning to arise through interaction with others 

Socio-

culturalist 

Teacher promotes collaborative learning through novice and expert 

working together 

Encourages collective responsibility for learning 

Anticipates learning as an apprenticeship 

 

McGregor (2007, p.50) accepted that these descriptions were only 

summaries of the basic premise of these four views of learning but that 

teachers guiding learners in the ways described could influence the nature 

and extent of their cognitive development. Phillips and Soltis (2009) dislike 

how such models may work in practice, such as where an expert gives 

instructions to a novice, which would appear to correspond to two categories; 
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or where individually constructed skill necessarily precedes its application in 

a group context; however it is presented here in the form utilised by 

McGregor in the ESCalate project which used this framework successfully in 

a similar context to this study so allowing these descriptions to be applied to 

an analysis of teacher actions. 

 

2.3 Scientific Ideas and Conceptual Change 

The context chosen for this study was school science lessons which were 

associated with key ideas and conceptual change, and the role of teacher 

pedagogic decisions within these. This enabled a consistent context to be 

drawn upon to allow comparison between teacher actions. So what are these 

key ideas, and what is meant by such conceptual change? 

 

According to Harré (1986), the major achievement of science is to have 

produced a body of ideas that are remarkably reliable at predicting and 

explaining the behaviour of the material world. Scientific knowledge though is 

not just a list of facts but instead a set of inter-related ideas, theories and 

models agreed by experts as providing the best explanations for scientific 

phenomena based on the evidence available at the time (Kind & Taber, 

2005). The theories and laws of science are key components of the 

curriculum though they differ from each other in that the former are a 

comprehensive explanation of some aspect of nature that is supported by a 

vast body of evidence (National Academy of Sciences, 2008, p.11), whereas 

the latter are developed from data and are directly or indirectly based on 

empirical evidence (McComas, 2013, p.58). For example, molecular theory 
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describes a model of how matter appears to be made up, whereas the 

consistent relationship between volume and temperature for a gas is referred 

to as a specific gas law. Some examples of scientific theory, most notably 

evolution, have attracted criticism from those outside the science community; 

however, alternative ideas to these do not have the body of evidence 

necessary to refute the view accepted by the scientific community. These 

theories and laws, accepted as accurate explanations for why and how 

natural events occur, and referred to as scientific concepts within the 

National Curriculum for England (Department for Education, 2013) are often 

at odds with the alternative or naïve ideas held by pupils and many adults 

(Ross et al., 2015). Typically, as children develop, they move from simplistic 

notions based upon concrete experiences of the world around them to more 

sophisticated explanations for phenomena, which get progressively closer to 

the scientifically accepted ideas. It is this process of concept formation (Ross 

et al., 2015) or conceptual change (Driver et al., 1985) that science educators 

aim to support and encourage (Kind & Taber, 2005).  

 

Although the paradigm of scientific knowledge, the nature of science and how 

it works is of great interest to scientists and philosophers (Kuhn, 2012), for 

science educators, it is the idea of conceptual change in the context of pupils’ 

learning that is important to the development of children’s understanding 

(Ross et al., 2015). When considering the learning process referred to as 

conceptual change, many educational theorists (Glasersfeld, 1995; Driver et 

al., 1985; Wellington & Ireson, 2012) adopt a constructivist view of the 

process. This model of learning has its roots in the work of Piaget (1974) as 
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has been described by Posner et al. (1982). Piaget took the view that 

learners construct their own knowledge out of their existing knowledge and 

experiences, hence viewing the world in a manner that makes sense from 

their unique perspective. This process of personal knowledge construction, 

however, can cause the learner to develop beliefs about the world that are 

incorrect when compared to those held by the scientific community, these are 

commonly referred to as misconceptions, or as alternative conceptions. Such 

beliefs were investigated thoroughly in the children’s learning in science 

(CLIS) project (Centre for Studies in Science and Mathematics Education, 

1987). Teaching strategies which facilitate pupils in developing such ideas 

are routinely explored in the initial teacher training courses central to this 

case study. 

 

In their theory of conceptual change, which also draws heavily on Vygotsky’s 

(1978) ideas of psychological development, Posner et al. (1982) describe 

learning as a process involving an interaction between new and existing 

conceptions. Nadelson et al. took this further following a review of definitions 

of conceptual change to become 

Conceptual change is building on an existing conception to form a 
new explanation whilst retaining explanation of the original 
conception. The result of the modification becomes the preferred 
conception while the original conception is retained and can still be 
relied upon to explain phenomenon, as people may hold multiple 
conceptions to explain a specific phenomenon (2018, p.154).  

 
In this process, learners use their existing knowledge to determine whether a 

new conception is intelligible, plausible and fruitful for further inquiry. In other 

words, learners learn to know what the new conception means, whether or 

not it is believable and if it solves previously unsolved problems. If the new 
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conception satisfies all three criteria and is incorporated into existing 

conceptions, then conceptual change learning has taken place. For this new 

conception to become embedded within the learner’s accepted schema, the 

old conception must “encounter difficulties and a new intelligible and initially 

plausible conception is available that resolves these difficulties” (Posner et 

al., 1982). The learner must hold sufficient dissatisfaction with an existing 

idea before being prepared to consider a new one; the motivation for such 

dissatisfaction may be an anomaly their existing model cannot assimilate, or 

simply relevant and engaging classroom experiences (Ross et al., 2015, 

p.58). Consequently “conceptual change is fundamental to science learning” 

(Nadelson et al., 2018, p.151) and it is the role of science teachers to induce 

such cognitive dissonance (Festinger, 1957) through the experiences and 

opportunities they provide their pupils.  

 

In the decade up to 1992 the children’s learning in science (CLIS) project 

(Centre for Studies in Science and Mathematics Education, 1987) undertook 

research into the alternate conceptions of children. Researchers were able to 

show “an important feature is the similarity in the conceptual models that 

children from different countries and backgrounds are using” (Driver et al., 

1994, p.2). For example, when Nussbaum and Novak (1976) first 

investigated children’s notions of the earth in space, a sequence of five 

‘notions’ emerged regardless of the home country and language for the 

children considered. These moved progressively from a flat earth up-down 

model, through circular with an external ‘space’ field version, to the accepted 

scientific spherical earth-centred view. This piece of research was able to 
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show that the number of children holding each view changed with pupil age, 

and as a consequence of dialogic instruction, towards the most sophisticated 

model. Shipstone (1984) went on to complete similar work studying children’s 

understanding of electricity in simple circuits showing views corresponding to 

four different models, and again illustrating a progression in sophistication 

demonstrated by increasing proportions of children with age and learning. 

Over the subsequent years, learners’ conceptualisations of all key areas of 

the science curriculum have been similarly mapped. Much of this was 

originally described in Needham et al. (1987) and reported in Driver et al.’s 

influential text ‘Making sense of secondary science’ (1994). It is this 

foundation of scientific ideas and progression that underpins the notion of 

conceptual change referred to here.  

 

This notion of conceptual change, a psychological process occurring in the 

mind of the child, is in contrast with ideas of change in scientific 

understanding. This is a socially constructed process and agreed by the 

community referred to as scientists. It is necessary for children to understand 

the process by which scientific knowledge is determined (Ross et al., 2015), 

a process described by Popper (1992) and often referred to as ‘scientific 

method’ (Nola & Sankey, 2014, p.12), so that they can assimilate this 

accepted understanding of science to their personal model. To achieve this, 

they need to develop an understanding of how scientists work as a 

community to progress the body of ideas that are categorised as scientific 

facts. They need to see these scientific ideas as secure, being based upon 
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an extended period of consideration, investigation and challenge by the 

respected body of capable people society refers to as scientists.  

 

In his discourse on “The structure of scientific revolutions”, Kuhn (2012) 

considered how the long-standing notion of linear progress in scientific 

knowledge was in fact flawed. Although most scientific research is based on 

notions of planned experimentation and data accumulation directed towards 

confirming or refuting a pre-determined hypothesis, Kuhn suggested that the 

breakthrough moments that disrupt accepted thinking and offer unanticipated 

ideas occur outside of the normal scientific method. In this respect the 

Vygotsky (1978) and Posner et al. (1982) model of personal conceptual 

change based upon cognitive conflict described earlier could be regarded as 

showing similarities with the circumstances required for these fundamental 

scientific breakthroughs.  

 

Teachers of science look to provide a logical basis upon which conceptual 

change can build, however, these changes at times require learners to 

modify their fundamental assumptions about the world around them. These 

changes can be stressful or threatening, particularly if learners are firmly 

committed to their prior assumptions, and so can be strongly resisted (Driver 

et al., 1985). The process of comparison between new and replacing models 

is known as ‘cognitive conflict’, with ‘accommodation’ the process of 

producing revised mental models. The term cognitive dissonance originates 

with Festinger et al.’s (1956) theory and was further supported by Piaget in 

the 1960s (Piaget & Inhelder, 2000) and describes the mental discomfort 
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experienced by someone simultaneously holding two or more contradictory 

beliefs or ideas. Festinger (1957) suggested that subjects may actively avoid 

such conflict by amending their views or avoiding situations where they might 

encounter such dissonance. Teachers exposing pupils to such experiences 

therefore aim to achieve the former but risk disengagement if the conceptual 

leap is too large. 

 

If this model of conceptual development is accepted (Rogoff, 1990), then the 

curriculum and teaching methods necessary to achieve it need careful 

consideration.  Traditional, didactic or behaviourist teaching may successfully 

achieve recall and assimilation and possibly mastery of some complex skills 

(Dreyfus & Dreyfus, 1980), but it does not generate cognitive conflict and 

accommodation as it does not involve the social interaction necessary to 

consider the relative merits of alternative conceptual viewpoints (Rogoff, 

1990). Teaching for conceptual change, on the other hand, requires more 

‘social constructivist’ learning techniques and opportunity for learners to 

explore and challenge their ideas in controlled contexts as “teachers who 

ignore the social and affective aspects of personal and group learning may 

limit conceptual change” (Duit et al., 2008, p.491). Furthermore, Nadelson et 

al. (2018, p.164) remind us of the important role emotions play in conceptual 

change and of the findings by Broughton et al. (2013) that small group 

discussion and debate increase the likelihood of conceptual change. 

 

Accepted scientific explanations are however often at odds with our everyday 

experience of the world. After all, “who would believe that … a piano could 
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move in a direction for ever following the application of a force?” (Leach, 

2006, p.151). Sutton (1996) therefore points out that it would be a mistake to 

approach science teaching as a process of proving things to pupils through 

experiments and evidence, as this ‘proof’ is very hard to actually achieve. 

Instead, it is better to see the role of scientific activities as providing 

opportunity to persuade pupils of how powerful scientific explanations can be 

compared to the alternatives. “The teacher introduces the concepts and 

theories of science to the pupils, modelling how to use these concepts and 

theories and supporting pupils in their attempts to use scientific explanations 

for the first time” (Leach, 2006, p.155). 

 

An understanding of the notion of conceptual change has required educators 

to carefully identify the areas contained within the curriculum to address 

those likely to present particular challenges. More importantly, when 

designing a science curriculum, it is necessary to ensure areas such as the 

environment, variety of life, forces and materials are visited several times 

with each visit progressively building more sophisticated understanding, 

moving pupils from concrete to abstract thinking.  

It is the teacher’s job to draw on their previous experiences and 
develop their understanding so that scientific explanations appear 
increasingly plausible and useful, and more abstract ideas – for 
example about water particles – make students’ observations of 
phenomena and processes more understandable. (Braund, 2011, 
p.32) 

 

The incorrect ideas that pupils develop along their journey to scientific 

understanding are often labelled misconceptions (Department for Education, 

2002, Department for Education, 2013) or naïve conceptions (Ross et al., 
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2015), and have stimulated a substantial amount of discussion in literature a 

bibliography of which was developed by Duit (2009) since Driver’s (1983) 

original review of research in this context. This terminology has, however, 

become increasingly unpopular among science educators as misconception 

suggests a binary set of ideas that are either right or wrong which need 

‘correcting’ externally by the teacher. This does not allow for either multiple 

notions being held simultaneously and progressed through by the pupil or the 

role for that learner in shaping their own developed ideas. 

Researchers object to the term ‘misconception’ because, from the 
student’s viewpoint, the ideas expressed are logical. 
‘Preconceptions’, naïve theories’, and ‘alternative frameworks’ 
have been proposed as better terms for students’ personal views 
that are at odds with modern scientific theories. (Sneider & Ohadi, 
1998, p.266) 
 

The notion of ‘misconception’ is even disliked by science educators for its 

apparent disdain for the learner as it “can be seen as critical of the holder of 

the concept” (Read, 2004, p.2). Even naïve conceptions, although they 

suggest a simplistic view, do not recognise that such ideas were held by the 

most sophisticated thinkers from earlier times such as Aristotle and his 

conceptions of motion. For such reasons there is now a greater preference 

among science educators for the idea of ‘alternative conceptions’ 

“emphasising the difference between children’s ideas and accepted scientific 

theory” (Driver et al., 1985, p.9) and it is that term that will be preferred here. 
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2.4 Science teaching and constructivism 

If children are to benefit from the body of knowledge that is science within 

their dozen or so years of schooling, then their individual view of the world 

cannot be left to progress at the same pace as scientific knowledge 

developed over the two thousand years since Aristotle. Consequently, during 

their initial training programme, science teachers are commonly exposed to 

ideas taken from the children’s learning in science (CLIS) project (Ross et al., 

2015), and Rosalind Driver’s subsequent writings on pupils’ ideas in science 

(Driver, 1983; Driver et al., 1994), particularly when considering teaching for 

conceptual change.  

 

Driver developed her notions of constructivist science teaching from Ausubel 

et al.’s (1968) constructivist model for learning. This requires that children’s 

ideas are initially determined before teaching in order to develop their 

scientific notions further. As Ausubel et al. stated, “the most important single 

factor influencing learning is what the learner already knows. Ascertain this 

and teach him (sic) accordingly” (1968, p.vi). The constructivist model of 

teaching science is then a theoretical framework that suggests learning 

builds upon pre-existing knowledge. Furthermore, constructivists (Driver, 

1983; Ross, 1998; Taber, 2009) suggest that learning is more effective when 

a student is active in the learning process. As previously indicated, 

constructivist teaching methods can be considered to originate from the child 

development research of Jean Piaget (Piaget & Inhelder, 2000) though 

Ausubel et al. (1968) argued there is no optimum age for learning (McGregor, 

2010). In this constructivist model, teachers provide opportunities for learners 
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to develop their own individual understandings following actively 

experimenting with materials, objects and ideas. Hence, pupils develop or 

‘construct’ a personal understanding of the world around them. In this 

context, Piaget’s models for constructivist yet personal conceptual 

development have been supplemented by ideas developed from Vygotsky 

(1978) to better include the role of social interaction in further enhancing 

conceptual development. 

 

In her first major work on pupils’ ideas in science, Driver (1983) argued that 

teaching materials often do not take account of pupils’ perspectives. She 

believed that the coherence of the science, as perceived by the student, 

matters in learning. This is to say that what the child brings to a learning task 

can have a significant influence on what that child can do and learn from their 

science lessons. These ideas build upon Ausubel et al.’s view of children’s 

preconceptions which suggest that they hold “amazingly tenacious and 

resistant” notions and that “...unlearning of preconceptions might well prove 

to be the most determinative single factor in the acquisition and retention of 

subject matter knowledge” (Ausubel et al., 1968, p.vi). 

 

One of the challenges in teaching science is many of the key ideas that 

science teachers introduce build upon explanations that are counter-intuitive 

to the everyday observations that children experience. For instance, children 

observe from an early age that to move an object you need to keep pushing it 

(Frost, 2010), yet Newton’s first law of motion requires that an object once 

moving continues to do so unless an external force acts upon it. This 
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arguably arises from the unseen frictional forces that have to be balanced, 

not from a role of force in maintaining motion. Typically, the different ways 

that children ‘interpret’ scientific happenings offer a range of potential 

meanings for observations, many contrary to the formal science taught in the 

classroom (Driver et al., 1994). 

 

As a consequence, a key feature of science teacher education is to 

encourage teachers to prepare new schemes of work by becoming familiar 

with relevant common alternate conceptions so that they may recognise and 

address these when their students display them. “It has become widely 

accepted that, to teach effectively, teachers need to take account of 

children’s prior (mis-)understandings and previous learning experiences.” 

(McGregor, 2013, p.25) Only through such pedagogy can teachers support 

their pupils in moving from their current understandings to a more 

sophisticated, scientific view of the world. This is included in the current 

English Teachers’ Standards, which necessitate under standard 3 that they 

demonstrate good subject knowledge and the requirement to “address 

misunderstandings” (Department for Education, 2011). It is therefore of value 

to professional development programmes to understand in what way adopted 

teaching strategies change as teachers become more experienced, a further 

research objective developed into research question two (see section 2.6). 

 

As scientific concepts are fundamental to children’s understanding and 

learning progress in the subject, attempts have been made to reach 

agreement about which ideas might be regarded as most important. In an 
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international seminar consisting of ten experts led by Harlen (2010), revisited 

five years later (Harlen, 2015), a set of fourteen ‘big ideas’ of, and about, 

science, were produced all of which are relevant to notions of conceptual 

change and alternate conceptions. Three examples from this set of ideas of 

science being: that all material in the Universe is made of very small 

particles; that changing the movement of an object requires a net force to be 

acting on it; and that organisms are organised on a cellular basis (Harlen, 

2010, p.viii). For example, when developing a teaching scheme incorporating 

the first of these ideas, it would therefore be necessary to consider that many 

children (and adults) accept the initial notion of particles but then fail to 

conceive of somewhere without. For example, when given a diagram 

illustrating particles in a gas, and asked what is in the space between these 

particles they confidently respond ‘air’ without considering the anomaly that 

this would need representing further as particles with even smaller gaps 

between (Nussbaum, 1985). Whilst the distinction between examples of 

matter and nonmatter was accepted toward the middle of the 19th century, 

matter is still a highly abstract concept and in everyday use has an 

ambiguous meaning (Stavy, 1991). Such views probably originate from the 

language used in early explanations to children about the air, for we describe 

the invisible space filling a room as containing air without qualifying that a 

truly empty space should more correctly be called a vacuum.  

 

This view may well be constructed from a combination of everyday 

experience and language, and as such is fully adequate for most day-to-day 

explanations. Only when made to face the above anomaly would the learner 
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become required to construct a better personal model, more aligned with that 

accepted by scientists. Alternative conceptions originating from the everyday 

use of language include both specific scientific vocabulary and common 

expressions. These include words like ‘material’, ‘weight’, ‘plastic’, ‘pure’, 

‘force’, ‘power’, ‘matter’ and ‘cells’ which have specific scientific meanings 

that are different to those used in everyday life. A common phrase illustrating 

such confusion could be: ‘no animals allowed’ on a shop door, overlooking 

the fact that humans too are animals but arising from the everyday use of the 

term animal as a subset of mammals (Ross et al., 2015, p.40). 

 

To fully adopt and ‘own’ new ideas, learners need the opportunity to translate 

intervention from teaching into ideas that belong to them (Ross et al., 2015, 

p.60). This means pupils need opportunity to discuss and test out these new 

ideas. To do this teachers need to make use of the fact that learning does not 

take place in a social vacuum - “whether an individual’s ideas are affirmed 

and shared by others in classroom exchanges has a part to play in shaping 

the knowledge construction process” (Driver et al.,1994, p.3), “in addition to 

instruction and teacher influence, peer influences…impact conceptual 

change” (Nadelson et al., 2018, p.168). Consequently, this approach to 

science teaching, which involves building on learners’ preconceptions to 

further children’s thinking has become further refined to include the role of 

dialogue within learning. This is most currently emphasised within section 4 

of the Early Career Framework (Department for Education, 2019) which 

describes the importance of student talk and of “facilitating dialogue and 

peer-to-peer discussions” (Chartered College of Teaching, 2020, p.67). 
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Keith Ross expresses this by describing “the misty mountain of science and 

the valley where we live with our everyday ideas” (Ross, 1998, p.80). Here 

he suggests that simply telling children scientific ideas is like landing them on 

a mountain top in the mist, with no idea where they are. It will be isolated 

knowledge, and likely to be forgotten in a few years. He goes on however to 

suggest that child-centred or discovery methods (such as constructivism) are 

equally flawed as these merely let them play in the valleys, never seeing the 

mountain tops which are covered in mist. He therefore identifies the term 

‘social-constructivist’ as approaches to learning where teachers take 

children’s existing ideas into account in framing the learning activities 

presented. He describes this as a way to successfully lead children up the 

mountain, in sight of the valley below (talking with their guide and each other 

as they go). Only then are they able to see how the whole landscape links up 

and how limited their existing view was. This “taking ownership of ideas” 

(Ross et al., 2015, p.67) has more recently become referred to as 

reformulation. 

 

2.5 Applying an understanding of learning theory to 

the development of science teachers’ pedagogical 

content knowledge 

In line with the research objectives described in chapter 1.3, the primary 

areas under consideration were the pedagogical practices used by science 

teachers in the context of lessons intended to bring about conceptual change 

in pupils. The factors at play within school contexts, which are driving or 
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constraining teacher decision making, allowed recommendations for 

improvements in teacher education to be made. 

 

The term pedagogy is considered to originate from Greek and Latin sources 

with ‘pedo’ for child and ‘agogus’ for leader, with a French word for teacher 

also being ‘pedagogue’. One of the first to use the term in its more modern 

context was Compayré in the late nineteenth century (Compayré & Payne, 

1886) in his account of the methods of educators throughout history. In the 

context of this thesis, Shulman’s view of the term has been adopted: 

The pedagogy adopted by teachers shapes their actions, 
judgments, and other teaching strategies by taking into 
consideration theories of learning, understandings of students and 
their needs, and the backgrounds and interests of individual 
students. (Shulman, 1987, p.14).  

 
This view of the term fits with the purposes of this research which considers 

the choices teachers make in the context of specific topics in science in 

matching his view that “by focussing on the teaching of particular topics … 

we learn how particular kinds of content knowledge and pedagogical 

strategies are necessarily interacted in the minds of teachers” (Shulman, 

1987, p.5).  

 

Developing as a science teacher requires the acquisition of a substantial, yet 

complex knowledge base. This ‘teacher pedagogy’ is, however “not just 

knowledge that can be written in books and articles (although that is an 

important component), it is also knowledge-in-action” (Frost, 2010, p.4). 

Various terms are commonly used regarding the knowledge science teachers 

hold. These include ‘subject matter knowledge’ (SMK) (Schwab, 1978) as a 
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description of a teacher’s knowledge about his/her subject, and ‘pedagogical 

content knowledge’ (PCK) (Shulman, 1987) as the ways a teacher has of 

making a topic comprehensible to others. Abell (2008) chooses to divide the 

characteristics necessary to become an effective science teacher under three 

types: subject matter knowledge, pedagogic knowledge (PK) and pedagogic 

content knowledge. PK being the general principles of instruction that 

underpin teaching and learning of a particular subject (Gilbert, 2010). Others 

(Shulman, 1987) characterised seven parts of the knowledge base for 

teaching. However regardless of the other aspects, all these authors include 

PCK as one of the fundamental components, the area with the greatest 

significance for this work on how teachers operate with the context of 

conceptual change. 

 

Since Shulman (1986) first introduced the term, research has been 

undertaken into the development and progression of science teacher’s 

pedagogical content knowledge (PCK). It has been usefully defined as: 

Knowledge of how to turn the knowledge of content, curriculum, 
pupils, … and assessment into appropriate, well-managed, 
instructional activities for the particular learners with whom you 
work. It includes your store of analogies, models, illustrations, 
resources and examples (Frost, 2010, p.6). 

 

Encapsulated within this idea then is the notion that successful teachers of 

science have a special knowledge about learners, which informs their chosen 

teaching method for particular content. There is general agreement in 

literature that this develops with experience in teaching the area in question 

(van Driel et al., 1998 and Mulhall et al., 2003). This knowledge about how 

best to engender learning may arise explicitly from an understanding of 
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conceptual change, or have developed implicitly through experience, 

circumstance and professional development. Many authors (Frost, 2010, 

Gilbert, 2010, Loughran et al., 2008) accept that teachers’ PCK may need 

continuous development, as if it is this that lies at the heart of good science 

teaching. It should therefore be the core of initial teacher training as it 

“exemplifies the value of educational theory in science teaching” (Gilbert, 

2010, p.285). Research has shown (Berry, 2012) that the development of 

science teachers’ PCK depends on both their content (or subject) knowledge 

and their experience as teachers. It has been further suggested that the 

former may delay its development or even limit how well PCK develops. 

Consequently, teacher education programmes have been encouraged to 

interlink all three core themes ‘subject matter knowledge’, ‘pedagogical 

knowledge’ and ‘pedagogical content knowledge’ (Gilbert, 2010). 

 

In the view of Berry (2012), then investigating how teachers approach pupil 

learning in science, a component of science teacher’s PCK “is vital to the 

development of effective pre-service and in-service programmes” (Berry, 

2012, p.34) but she does go on to say that much research so far has not 

served this purpose, agreeing with Abell in that “we still do not know enough 

about what PCK science teachers have, how they come to have it, or what 

they do with it” (Abell, 2008, p.1413). Consequently, it is this one strand of 

PCK, the notion of how teachers’ changing knowledge of particular learners 

might inform their chosen teaching strategies when facilitating their pupils’ 

conceptual development, that makes this research important as it forms the 

basis of teachers’ choices and actions in the context of their school settings. 
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2.6 Influences on choice of teaching strategy: 

school culture, teacher contexts and justifications 

for pupil seating and grouping arrangements 

The school structures and organisational cultures that can be used to 

illustrate the contexts within which secondary science teachers operate are 

central to this study. These are likely to influence the pedagogic decisions 

teachers make and so a framework to reveal these was investigated for this 

research, a key part of research question 3 (see section 2.6). Such practical 

difficulties create a backdrop which effectively challenges teachers' 

professional commitment (Scarth, 1987, p.248). This results in a process of 

accommodation, which Woods suggests “balances the situational factors 

against teachers' goals and interests” (Woods, 1977, p.272). 

 

The concept of culture has been used in many educational contexts, and in 

Hargreaves’ (1995) view this originates from Waller’s (1932) work in the 

twentieth century. Attempts to develop models of school culture have been 

made to draw upon the strengths of ethnographic studies and to open 

researchers to options for quantification so to impact upon the study of 

school improvement and school effectiveness with arguably Rutter et 

al.(1979) being among the first to do this. 

 

The Education Reform Act (1988) may have brought about a national 

curriculum which expressed an intention of a common content for all state 

educated children, but the regime for local management for schools, and new 
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range of different schools including City Technology colleges (CTCs) and 

Grant-Maintained schools, continued a system with significant differences.  

The Academies programme introduced in 2002 (Long, 2015) began a 

process initially targeted at raising standards in disadvantaged communities, 

but which was significantly expanded from 2010 (Academies Act c. 32, 2010) 

with all schools able to apply for this status, and imposition for those deemed 

requiring improvement.  

 

The more recent “reduction” (HM Treasury, 2015, p.91) in local authority 

control and development of a more centralized funding model, with both 

individual and groups of academies, has introduced “significant change into 

the structure of the education system” (Andrews & Perera, 2017, p.5). Indeed 

it could be argued “this is an era of significant government involvement in 

schools in England, despite consistent rhetoric from the Department of 

Education to the contrary” (Parker, 2015). These changes and variations in 

type, funding and leadership cause teachers to adjust their way of operating 

to conform to the explicit and implicit aims and intentions of the schools in 

which they work (Hayes, 2001); indeed, the schools White Paper 

(Department for Education, 2016) which moved all schools towards 

academisation has been seen by teacher unions to be “a huge threat to 

teacher pay and conditions” (Courtney, 2016). In this study, the schools 

where participant teachers work were either within an academy chain or in 

transition to this system. In this context, the ethos conveyed to staff and 

expectations of compliance were potential factors in pedagogic decision 

making and so worthy of consideration. 
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Secondary schools in England are primarily structured around subject 

departments commonly including groups of teachers delivering each of the 

compulsory ‘core’ subjects English, mathematics and science (The European 

Commission, 2010) with an additional layer of personal learning and 

development, drawn from the same but reorganised staff, following guidance 

introduced in 2005 (Qualifications and Curriculum Authority, 2005). Of these 

groups, however, and right from the commencement of initial teacher 

training, it can be considered that most secondary school teachers come to 

regard themselves primarily as subject teachers (Bernstein, 1971; 

Luehmann, 2016), hence aligning themselves mainly with subject-based 

departmental structures and adopting common cultural views. 

 

For this study, looking for explanations for the pedagogical choices made by 

individuals within separate classrooms, it was necessary to consider the 

context within which they operate as well as their biography as teachers. This 

context had to include the immediate physical factors that constrain or 

promote the overt and unconscious choices they make as well as the social 

structures within which they perform. The physical factors were relatively 

straightforward to determine: the number of pupils on roll; the number of 

science teachers in a department; the availability of laboratories. However, 

the social structures indicated above needed further consideration and 

clarification.  

 



 58 

2.6a School Culture 

Needle defines culture as the “organization’s vision, values, norms, systems, 

symbols, language, assumptions, beliefs, and habits” (2010, p.139). 

Organizational culture affects the way people and groups interact with each 

other, with clients, and with stakeholders. Also, organizational culture may 

influence how much employees identify with their organization (Schrodt, 

2002). Under such definitions, organizational culture is then a set of shared 

assumptions that guide what happens in organizations by defining 

appropriate behaviour for various situations (Ravasi & Schultz, 2006). Greer 

and Short (1997) take this into the specific context of school culture defining 

it as the traditions, beliefs, policies, and norms within a school that can be 

shaped, enhanced, and maintained through the school’s principal and 

teacher-leaders. 

 

Certain terms are used in the literature to describe explicit and implicit school 

structures and foci. These include ethos (Rutter et al., 1979), climate 

(Freiberg, 1999), and culture (Prosser, 1999), each often used 

interchangeably and without appropriate definition. These ideas are at the 

heart of the educational intentions of how government, directors of academy 

chains and school managers choose to promote the structure and functions 

of schools. They permeate the whole organisation down to the level of the 

individual lessons delivered by science teachers. To investigate these ideas 

required a mechanism to determine what these were and express them as a 

set of clearly defined models. Though important this is not easy, for as 

suggested by Stoll “School culture is one of the most complex and important 
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concepts in education” (1998, p.9). Allder (1993) suggests that despite such 

sources as the Department of Education and science (1977) and the Rutter 

et al. in “Fifteen Thousand Hours” (1979) both highlighting the importance of 

school ethos, defining this term has not proved easy to achieve. She 

considers that although various authors use the terms spirit, atmosphere, 

ambience and climate such terms retain ambiguity. All these ideas are 

therefore interrelated, with spirit and intellect in collaborative contexts being a 

part. 

 

Further, as indicated by Eisner (2002, p.4), ethos “refers to the underlying 

deep structure of a culture, the values that animate it, that collectively 

constitute its way of life”. Deal and Peterson (2009, p.6) suggest though that 

although more commonly used, “the term culture provides a more accurate 

and intuitively appealing way to... understand...rules, norms and 

expectations”. Bragg and Manchester agree suggesting that it is “the most 

appropriate word to use when trying to make sense of the life of a school” 

(2011, p.14) and Solvason (2005) argues that it is more ‘solid’, tangible and 

accessible as a concept than ethos. Consequently, it is the concept of culture 

that was adopted as the way to interpret the contextual experiences of 

teachers in this study with a view that ethos arises as a product of schools’ 

cultures. 

 

In focusing specifically on the idea of culture we find ideas very much in tune 

with ways of explaining the behaviour and choices of those in an 

organisation.  Deal and Peterson suggest the “combinations of rituals and 
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traditions, the array of symbols and artefacts, the special language and 

phrasing that staff and students use, and the expectations about change and 

learning saturate the school ‘world’” (2009, p.5). This culture becomes quite 

stable over time as “a pattern of shared basic assumptions” and beliefs that 

become “taken for granted” in an organisation’s view of itself (Schein, 1985, 

p.19). These beliefs and assumptions Schein (1985) considers to work on a 

deep level, shared by colleagues but in an unconscious manner, yet evident 

in the behaviour of individuals. 

 

Bragg and Manchester (2011, p.12) however highlight a problem with this 

view of culture as it suggests a unidirectional concept with a singular culture 

being absorbed by the blank subjects who ‘receive it’. It does not address the 

notion of power or the persons implicitly charged with determining the form of 

culture that is disseminated. The senior staff with this power are often 

perceived by the recipients as a hidden and unobservable force behind 

school activities, a unifying force that provide meaning, direction, and 

mobilisation for school members. This has both concrete representation in 

the form of artefacts and behavioural norms, and is sustained implicitly by 

jargon, metaphors and rites. As identified by Prosser (1999, p.13), when 

considering models of culture, the status of those seen by recipients in 

creating and perpetuating the organisational norms needs investigating. 

 

It seems evident that the prevailing culture within a school is a key element of 

the experience of all members of that community. Moreover, it is an important 

consideration when investigating the detail of a teacher’s actions. “If we want 
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to understand what the teacher does and why the teacher does it, we must 

therefore understand the teaching community, the work culture of which that 

teacher is a part” (Hargreaves, 1994, p.165). It would be easy to suggest that 

teachers can make individual decisions about their actions, particularly as 

independent reflective practitioners. However, they are not islands of 

individual practice, as observed again by Hargreaves: 

Physically teachers are often alone in their own classrooms, with no 
other adults for company. Psychologically, they never are. What 
they do there in terms of classroom styles and strategies is 
powerfully affected by the outlooks and orientations of the 
colleagues with whom they work now and have worked in the past. 
(1994, p.165) 

 
This suggests it is the very relationships formed in the department, and within 

the teacher’s professional past that determine the choices and actions made 

within that classroom.  

 

Accepting the importance of culture for a teacher’s decision-making brings 

about a need to determine what that culture is as “assessing a school’s 

culture should be part of efforts to stimulate improvement” (Seashore Louis & 

Lee, 2016, p.550). However, identifying even the ethos of a school from any 

form of documentation is problematic. As suggested by Donnelly “the ethos 

described formally in school documentation or defined by school authorities 

often departs considerably from the ethos which emerges from the intentions, 

interactions and behaviour of school members” (2000, p.137). In looking for 

shorthand to identify the ethos or culture of a school it is important to 

remember that such aspects of schools are both internally and externally 

determined. Examination of in-school experiences of teachers could miss the 

external aspects of educational policy, social, economic and cultural 
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conditions, local, regional or national pressure groups and traditions, and 

even the forces of capitalism, globalisation and neo-liberalism and their 

effects on the cultural context in which schools operate. Bragg and 

Manchester in their report on Creative Partnerships (2011, p.1) considered 

reasons why school culture has received increased attention in educational 

thinking over the last two decades. They suggested three reasons: the 

market-oriented reforms of education; that it is seen as a contributor to 

school effectiveness; and because it can create conditions for learning. This 

then requires the specific school contexts of teachers in this study to be 

considered as this may impact on the strategies teachers choose to adopt. 

 

As indicated by Rutter et al. (1979), both local and national contexts impact 

on a school’s culture as political and economic forces and changes in 

national policy determine what is valued by that school and the community it 

serves. Furthermore, all school cultures are shaped by their history, context 

and the people who make them. Hence, even the age of a school has an 

impact – newer schools usually have explicit culture evident in artefacts, 

whereas in older ones it can become more implicit hidden in traditions, so 

have greater inertia in reducing the scope and pace of change. “Central to 

any school culture is its history – the past events that have shaped the 

present” (Deal & Peterson, 2009, p.x). The very students making up the 

schools and their social background even play a part. Thrupp (1997) argues 

that the social mix of the school plays a major role in how it functions, largely 

because of the cumulative effects of how students relate to each other as a 

group. Essentially, students who attend the school flavour it in a particular 
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way, through the interaction of their own student cultures. 

 

Investigating the above aspects of culture allows the researcher to describe 

how things were, plus provides a lens through which to observe the world of 

the teacher. For new and early career teachers it has been shown that the 

“early idealism of the newly appointed teacher can be buffeted and 

undermined by … the growing realization that there may be endemic school-

based and system-wide challenges” (Ewing & Manuel, 2005, p.7). The 

constraints and drivers for teacher’s pedagogic decisions may several 

sources, but Clarke & Erickson identified that much of the current practice in 

school science departments reflects “efforts to control classroom practices 

and to have teachers conform to a set of prescribed behaviours” (2006). This 

reinforces the view that teaching is “a process of delivering information and 

testing students for its reception and retention” (Schön, 1992, p.121). Deal 

and Peterson, albeit in an American context, suggest that this perspective is 

not necessarily new:  

For decades, educational organisations have been pummelled by 
external reform initiatives… The unintended result is…what were 
once joyful places of promise and hope have too often become 
mechanized factories bent on only a small fraction of what a well-
educated person needs and what the community wants (Deal & 
Peterson, 2009, p.4). 

 

Bragg and Manchester (2011) too warn about the dangers of following too 

closely the industrial model proposed by Deal and Peterson who “draw on 

evidence from the world of business linking culture with financial 

performance” (Deal & Peterson, 2009, p.viii). 
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Whilst many aspects of secondary school culture are intangible in nature and 

therefore difficult to quantify (Brady, 2008), it has been shown to impact 

directly on the dual outcomes of academic achievement and student 

engagement (Lee et al., 1993) plus “school cultures that enhance teacher 

learning in particular, are those in which teachers actively and collaboratively 

examine, share, and construct authentic classroom material and develop new 

knowledge on a regular basis and over a longer period of time” (Schipper et 

al., 2020, p.114). Multiple authors have consequently attempted to categorise 

it (Frymier, 1986; Siskin, 1994; Anderson, 1997), however one of the most 

prominent authors to consider school culture is Hargreaves (1994). His 

models, published in an award-winning book1, are considered by many (Stoll, 

1998; Fisher, 2012) to be “particularly rich and insightful” (Datnow, 2011, 

p.147) and represent “rigorous” (Parker, 2015, p.457) work. He described two 

key dimensions of teaching cultures and categorised these as arising from 

content and form, the content being the attitudes, values and beliefs shared 

within a particular group of teachers that describe their way of doing things. It 

is this content aspect we consider when we look at subject or age-related 

cultures. However, he considered the form of teacher cultures to be of 

greater significance in determining the most important aspects of how 

teachers work. He describes these as the characteristic patterns of 

relationship and forms of association between members of these cultures.  

 

As relationships between teachers may change over time, changes in beliefs, 

values and attitudes are dependent on their characteristic patterns of 

 
1 American Association of Colleges for Teacher Education writing award 
1995 



 65 

association. He used this notion to describe four broad forms of teacher 

culture each having very different implications for how teachers work and 

approach educational change. These are: individualism, collaboration, 

contrived collegiality and balkanization (Hargreaves, 1994, p.166), with the 

addition of a fifth category, the moving mosaic, for contexts that were 

dispersed, changing and in contrast to a more traditional hierarchy. 

Figure 1 illustrates representations of School culture that originate from 

Hargreaves’ (1994) categories. These were used in this research as a 

stimulus for participating teachers to describe their perceived context and to 

provide a framework to aid subsequent analysis. 
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Figure 1: Models of school culture. Taken from (Hargreaves, 1994, p.238)  
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These forms can be described thus: 

 

1) Fragmented individualism: 

This refers to the long-standing notion of teachers working in their own 

classrooms behind closed doors. Lortie (1975) presented it as an egg-box 

type structure with segregated classrooms dividing teachers from one 

another so they see and understand little of what their colleagues do. This 

offers a welcome measure of autonomy and privacy, but it also shuts out 

possible sources of praise and support. The segregation might arise through 

physical structures, a lack of confidence in teachers, or bureaucratic 

structures that “stifle teacher initiative and give teachers little to collaborate 

about” (Hargreaves, 1994, p.170). It reflects what Anderson (1997) described 

as the highly bureaucratized nature of schools and does not allow for an 

exchange of teacher ideas related to their pedagogic decisions. 

 

2) Collaborative culture: 

In collaborative cultures working relationships between teachers tend to be 

spontaneous, voluntary and focused on personal initiatives and development. 

They exist outside fixed time and location boundaries and being 

unstructured, are very unpredictable. This could be considered to reflect a 

Marxist perspective with a reduction in control encouraging spontaneity, 

though Ratner and Silva consider this to ill-define this perspective and blur 

the most important of Marxist ideas (2017, p.8). Hargreaves even suggests 

that when rigorous and robust they can encompass a continuous search for 

improvement (1994), but this is often quite restricted (to a focus on the ‘safer 
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activities’ of sharing resources and ideas) and then such relationships 

become more complacent than collegial. Durkheim (2013) though would 

consider that this structure is problematic as without central control there can 

be no community, as this is needed for members to understand their duty so 

to fulfil a higher purpose than their self-interest affords. Hence although an 

attractive model, to work effectively collaborative cultures need to allow 

teachers and their peers the space to develop new capacities and 

competencies (Lieberman & Miller, 2008). 

 

3) Contrived collegiality: 

Whilst Hargreaves argued that collaboration was important, he also identified 

the circumstances whereby it would not offer effective opportunities for 

teacher development. In such cultures the conditions required to meet and 

work together is externally imposed. This may be in the form of mandated 

team teaching or planning sessions. The teachers may well be working 

together to implement the ideas of others (either managers or national 

requirements). The occasions when this happens are also managed and so 

the outcomes are considered predictable. 

In contrived collegiality, collaboration among teachers is 
compulsory, not voluntary; bounded and fixed in time and space; 
implementation - rather than development orientated; and meant 
to be predictable rather than unpredictable in its outcomes. 
(Hargreaves, 1994, p.208) 
 

Collaboration and collegiality might be seen as promoting professional 

growth and internally generated school improvement, but also as ways of 

securing effective implementation of externally introduced change, yet the 

mechanism to achieve this must grow organically from the participants. 
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Datnow (2011) argues that in fact by setting aside time for collaboration and 

scaffolding this with meeting protocols - the very conditions for contrived 

collegiality, then the negative effects may not take hold. Instead, such 

contrived meetings can become spaces for more genuine collaborative 

activity wherein teachers challenge each other, raise questions, and share 

ideas for teaching. This suggests that in such circumstances there may be a 

valid role for this contrived form of collegiality. 

 

4) Balkanization: 

Balkanisation is the kind of collaboration that connects but also divides. In 

balkanized cultures teachers work in small ‘stratified’ (Bernstein, 1971) sub-

groups within their school community. These may be subject departments, 

age phases or other sub-units. More than this though, in such cultures these 

groups are strongly insulated from each other (it is unlikely that teachers are 

part of more than one group). Ideas and knowledge are quite different and 

isolated from group to group, groupings and identities are likely to remain 

fixed over extended periods of time, but differing rewards and successes are 

achieved by some in comparison to others. 

Balkanization is characterized by strong and enduring boundaries 
between different parts of the organization, by personal 
identification with the domains these boundaries define, and by 
differences of power between one domain and another 
(Hargreaves, 1994, p.235).  
 

As a structure it restricts communities of teachers from learning as 

professionals or implementing change. Departmental divisions can prove 

powerful barriers to whole-school communication and collegiality (Stoll, 

1998); they perpetuate and express “the conflict and divisions that have 
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come to characterize secondary school life” (Hargreaves, 1994, p.235). Such 

strong boundaries restrict change in a rapidly changing, uncertain world; 

making the flexible learners society needs less likely to develop. Hargreaves 

even suggests that secondary schools persist with such arrangements by 

design or revert to them by default.  

The challenge for secondary school teachers of the postmodern 
age is how to construct a coherent sense of purpose that neither 
rests on the fruitless pursuit of whole-school vision or identity, nor 
reverts to traditionally balkanized patterns of departmental conflict 
or indifference (Hargreaves, 1994, p.236). 

 

For schools as a whole then, competition between subcultures as occurs in 

such a model is problematic because “groups with their own common 

interests could potentially pull a school in several directions” (Stoll, 1998, 

p.12). 

 

5) The moving mosaic:  

This final model, which for Hargreaves straddled the previous four forms, 

reflects a dynamic collage of sub-groups, accommodated within an 

overarching structure. This moving mosaic could be described as a dispersed 

patchwork puzzle of power, which contrasts with the traditional hierarchy 

dominated by a few central organisations. This is consistent with the ideas of 

Foucault (1980), though Parker (2015) suggests a tug-of-war might be a 

more accurate description. It demonstrates the important attribute that both 

the identity and membership of sub-groups do not become fixed and 

entrenched but has the consequence that no common consensus of 

experience and values is achieved. Moreover, the blurred boundaries can 

make for an uncertain or even vulnerable workforce. Fisher though feels that 
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this model overlooks “a clear direction of travel over the last 30 years towards 

a centralized power structure” (2012, p.238) and advises that ‘the 

manipulative mosaic’ might be more appropriate. 

 

Hargreaves’s (1994) descriptions and visual representations were anticipated 

to have resonance for the teachers central to this study and therefore 

considered to offer a useful stimulus to explore the organisational structures 

that impact on the pedagogic decisions they make. It was this typology that 

was consequently adopted for the research process. 

 

2.6b Teacher contexts 

When considering the pedagogic strategies adopted by teachers it is 

important to be aware of Hargreaves’ warning that “teachers teach in the way 

they do not just because of the skills they have or have not learned. The 

ways they teach are grounded in their backgrounds, their biographies, in the 

kind of teachers they have become” (1994, p.ix). He goes on to include 

careers and relationships with colleagues as key factors when trying to 

understand what drives them to practise their classroom art in the way they 

do. 

 

One key relationship then to be considered is that between the teacher and 

school leader, principal or head teacher in setting the culture for the school. 

Case studies of change implementation in schools, such as Cooper and 

Cowie (2009), highlight the importance of a change culture in a school and 

the role of leadership and trust within the community. Additionally, when 
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investigating attempts by teachers to develop their practice, they highlight 

“the importance of credible leadership and regular dialogue with other 

professionals in scaffolding innovation” (Cooper & Cowie, 2009, p.980). 

When studying school improvement Aladjem et al. were able to show that 

“successfully improving schools often first seek to establish a safe and 

orderly school environment and a culture focused on learning and student 

achievement” (Aladjem et al., 2010, p.3). They investigated if it was the 

principal (head teacher) who led change, taking an interest in and promoting 

particular teaching strategies, or if leadership was distributed with middle 

managers taking more interest in promoting learning methods. Alternatively, 

they considered if choices of pedagogy could be left to teachers’ individual 

professional discretion. All three of these possibilities were then shown to be 

important to examine, as potential determinants of teacher action.  

 

Careless (2005) considered the influence of the broader context, in 

conjunction with more local factors, on teacher and school change. He 

proposed that a combination of factors at the personal, school and political 

level shape teacher practice. Careless described how, at the personal level, 

teacher understandings of principles and practices sit within the change 

environment of school support, culture and resourcing, which further sit within 

a “macro” level of external factors such as policy, infrastructure and external 

agencies. A key factor underlying the pressures constraining the approaches 

chosen by teachers is that “teaching for understanding takes much longer 

than is allowed for in conventional approaches: as a consequence the 

breadth of content that can be covered is less than what has been 
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traditionally expected” (Hollon et al., 1991, p.149). In a crowded curriculum 

dominated by examinations, “there is a likelihood that moves to introduce 

progressive practices may be stifled” (Careless, 2005, p.39). 

 

Aladjem et al. (2010) showed that schools performing successfully in terms of 

sustained improvements in student achievement had leaders who embodied 

one of two general styles: change-oriented or managerial. In this context 

change-oriented leaders set the tone and expectations for change and took 

action to introduce immediate reforms – they forge ahead irrespective of 

support. Managerial styles of leadership conversely are characterised by 

garnering staff support and creating a working environment conducive to 

making reform successful, and so in Aladjem et al.’s definitions leaders 

adopting this style do not usually initiate changes instead individual teachers 

feel empowered to originate change. In this context, Aladjem et al. showed 

that teaching staff tend to see common, multiple benefits in this latter form of 

distributed leadership, including “shared responsibility, greater staff buy-in, 

more effective implementation of new practices, continuity of leadership, and 

enhanced collaboration” (Aladjem et al., 2010, p.xviii). This binary pair of 

models though is considering more about the approach of one leading 

individual than the broader cultural impact of staff groups in general and so 

was considered to not offer as suitable a stimuli for reflection as the 

Hargreaves (1994) model adopted for this research. 

 

There is a view that teaching is “a process of delivering information and 

testing students for its reception and retention” (Schön, 1992, p.121). Schön 
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refers to this as technical rationality, that is evident as “packages of 

knowledge, in the form of curricular materials and pedagogical advice, that 

are handed down to practicing teachers” (1992, p.120) and this is still evident 

in much current practice in science lessons (Key Stage Three National 

strategy, 2002). These packages and advice represent the culture of the 

workplace and can restrict opportunities for change and development. 

Seeking strategies that maintain and even enhance the curiosity of teachers 

to consider, adapt and refine their practice to a personal context signifies 

what Clarke and Erickson see as the “hallmark of professional practice” 

(2006, p.4). This therefore returns us to the key place that Hargreaves 

identified for the teacher who is: 

The ultimate key to educational change and school improvement 
... it is what teachers think, what teachers believe, and what 
teachers do at the level of the classroom that ultimately shapes 
the kind of learning that young people get. (Hargreaves, 1994, 
p.ix) 

 
It is this view of the centrality of the teacher to the learning experience of 

pupils within the culture of their school that emphasises why both pedagogy 

and culture are interlinked and so selected for study in this work. 

 

In conclusion, the culture of a school has a vitally important impact on the 

way teachers are able to make appropriate pedagogic decisions for their 

pupils. However, it is their work as a critically reflective community of 

colleagues that further promotes common goals and an individual’s 

continuous improvement and “an increasing amount of research stresses the 

importance of teacher professional development (PD) that includes effective 

characteristics that relate to collaborative inquiry and active learning” 
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(Schipper et al., 2020, p.123). For this study it was important to reveal as 

much as possible about the teachers’ current context and their personal 

histories so that a full understanding of the pedagogic drivers at play in their 

practice could be sought, enabling the development of research question 3 

(see section 2.6). As suggested by Mulhall et al. “it is well accepted that 

much teacher knowledge is implicit, with teachers rarely having the 

opportunity to reflect on what they do in the classroom and why” (2003, p.10) 

and so “not surprisingly, teachers' framework for thinking about and 

discussing with colleagues the teaching of a topic is often limited to ‘what 

works’" (2003, p.10) with limited articulation of why. In consequence, 

investigating teachers’ actions with the help of models for pedagogic 

approaches and school cultures will help make explicit the on-going reflection 

and problem solving that is part of how teachers operate in their classrooms 

and so attempt to challenge their underlying orthodoxy. 

 

2.6c Justifications for pupil seating and grouping 

arrangements 

The learning theory literature reviewed in section 2.2 has demonstrated the 

view of theorists, most notably Piaget (2000) and Vygotsky (1978), that 

children develop their understanding of the world through personal 

experience of phenomena and the opportunity to refine their understanding 

through dialogue with others. As a consequence, teaching has increasingly 

employed the use of small groups of children working together on a task or 

project; however, this model might not be simple to achieve in real 

classrooms. Indeed there is some scepticism (Atkin & Black, 2003) about the 
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usefulness for educational practice of models developed primarily on the 

basis of theories about how children learn, but they still accept that when 

placed in groups students assume much more responsibility for their 

learning, with the teacher then only designing the conditions under which 

learning might best occur. In Black and Atkin’s experience with such 

arrangements, pupils seem “significantly more engaged in their studies than 

in classes where there was more dependence on the teacher” (Atkin & Black, 

2003, p.84) and they believe pupils learn more in such contexts. Baines et al. 

(2003) further support this and reinforce that developmental research 

literature “emphasises the benefits of effective peer learning since it can 

encourage greater active learning, depth in understanding as well as 

independent thinking and responsibility in one’s own learning” (Baines et al., 

2003).  

 

Blatchford et al. (2003) attempted to investigate, as a core feature of 

pedagogy, a consideration of the contexts in which learning takes place. In 

the school setting this meant the social contexts at play: 

In any classroom, pupils will be drawn together for many purposes 
and we can refer to such within classroom contexts as ‘groupings’. 
The teacher often creates these, and the way that they are set up, 
and how they are used for particular learning purposes, will be a 
main factor affecting the educational experiences of pupils in the 
class. If the relationships between grouping size, interaction type 
and learning tasks are planned strategically then learning 
experiences will be more effective (Blatchford et al., 2003). 

 
This highlights the way teachers do group pupils is of great importance for 

maximising the learning that takes place. However, this process is complex 

and very much dependent on the curriculum content in question, and the 

pupils involved. For example, science is the main curriculum area where 
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pupils work together as groups (Baines et al., 2003), unlike mathematics, 

which (according to Baines et al.) involves whole class interaction and 

individual work. Baines et al. suggest an explanation for this being that group 

work is probably best suited to learning processes which involve giving up or 

transcending current levels of understanding to reach a new perspective 

(which would include conceptual change - chosen as a context for this study), 

rather than learning processes which involve the acquisition of new skills or 

strategies, or the individualism associated with practice-based tasks. 

According to Webb and Palincsar (1996), group work can be expected to 

positively affect the quality of dialogue in classrooms with groups giving and 

receiving help, and more joint construction of ideas. Consequently, Blatchford 

et al. (2003) point out that seating patterns need to be consistent with the 

learning aims; children seated in rows may be fine for teacher presentations, 

but this is not conducive to dialogic activity. 

 

An often-cited source related to the effect of mixed-sex seating arrangements 

is Merrett and Wheldall (1990). This, some 30 years ago, was able to show 

that mixed-sex seating produced the highest pupil on-task levels. Similarly, 

disruptive behaviour was at its lowest when boys and girls sat together. 

However, this work was undertaken in the context of a two-week intervention 

with one lower ability History class and was specifically focused on strategies 

to promote positive behaviour management. Here, any form of peer-to-peer 

interaction, as advocated by learning theory for science, would have been 

considered off-task and so undesirable. Indeed, the authors accepted its 

limitations saying “we are not necessarily advocating this type of seating 
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arrangement, although there will be times when it could be used to good 

effect, to establish some measure of control with an unruly class, for 

example” (Wheldall et al., 1989, p.44). 

 

The other key study on pupil seating arrangements used to justify a particular 

arrangement (Department for Education, 2012) is Evans et al. (2003) who 

were able to show that for pupils with emotional and behavioural difficulties 

(EBD) in mainstream primary school classrooms, changing seating 

arrangements for pupils from groups to rows had a positive impact on time on 

task. Again though this report also recognises that this was at the expense of 

the valuable skills gained in group work. 

 

It is the case then that Ofsted in their current inspection handbook (Ofsted, 

2019) do not promote any specific arrangement, and when they last did so 

(Ofsted, 2005) they merely identified that “seating plans, especially in 

secondary and special schools, help pupils with the most challenging 

behaviour to settle quickly”. Moreover, the studies mentioned above enabled 

the Department of Education (2012) to justify a positive impact of seating 

pupils in rows and the use of seating plans, but solely in the context of 

improving pupil behaviour in schools. 

 

In 2008, Wannarka and Ruhl undertook one of the most comprehensive 

reviews of research into seating arrangements, and they concluded, 

“teachers should let the nature of the task dictate seating arrangements” 

(Wannarka & Ruhl, 2008). Of perhaps more relevance to this work, and in the 
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last ten years the only study in the specific context of science, was 

undertaken by Hammang (2012) who investigated the effect of classroom 

seating on student performance in high school biology. She was able to show 

(for one group, in one school) a positive impact of teacher-assigned seating 

arrangements on student performance (in multiple-choice tests) and on 

behaviour. Most importantly though, she still recognised that “there is no ‘one 

size fits all’ solution to creating effective seating arrangements” (Hammang, 

2012, p.2). Review of the most current literature still shows that there is little 

new research in this area for secondary schools. What is available being 

either in the context of primary classrooms (Boliver & Capsada-Munsech, 

2021), in different countries (Berisha & Seppänen, 2017) i.e. Finland or both 

overseas and primary (Gasparie & Zuljan, 2019). So, it is still the case that 

“aside from ability grouping … there is little empirical research concerning the 

organization of pupil groupings within classes in secondary schools. (Kutnick 

et al., 2005, p.3). 

 

This then returns us to the situation where “the majority of the studies sought 

to describe the use of seating arrangements to minimise disruptive 

behaviour” (Wannarka & Ruhl, 2008, p.92), and not to promote conceptual 

change in the context of science: 

Organising groupings in relation to just physical constraints and/ or 
for teaching efficiency is not sufficient because the teacher needs 
to take account of pupils’ learning and social needs. The grouping 
unit must therefore be strategically constructed in relation to 
working arrangements and learning purposes (Baines et al., 2003, 
p.11). 
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Consequently, teachers need to be able to make their own decisions when 

grouping their pupils, based upon only learning aims and curriculum context 

within their classroom not determined by an external agenda. 

 

2.7 Research questions 

The research aim, an intention to better understand pedagogical decisions 

made by science teachers within the context of lessons intended to bring 

about conceptual change in pupils, prompted the research to focus in upon a 

specific set of research questions. As indicated in section 1.3 of the 

introduction, the three research objectives were refined following the review 

of literature to reveal both strategies used, and any factors driving teachers to 

use them. The literature has demonstrated the significance of this context for 

pupils learning science, and the need for teachers to make the most 

appropriate pedagogic decisions for their pupils.  

 

The potential to understand teachers’ pedagogic decisions arises from the 

discussion of learning theory and PCK. The work of Rogoff (1990) and 

McGregor (2011) suggests a hierarchy of approaches and the ESCalate 

project offers a methodological approach to categorise decisions within the 

context of learning theory. Limitations of the ESCalate project enable this 

work to contribute to understanding and practice by revealing both the 

activities used and their duration within a more focused examination of one 

particular teaching context. For other science educators and those more 

widely involved in teacher education, this is a valuable contribution to the 

field in that it opens the door to the classrooms of science teachers to reveal 
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the diversity and range of teaching approaches practiced by a group of 

teachers who received their education to be teachers from the same 

institution. 

 

To determine factors surrounding why teachers make such choices for their 

learners required an examination of both the internal and external factors for 

these. Internal factors being those associated with the development of PCK 

identified by Abell (2008) and Berry (2012) as needing further investigation, 

external being the context within which they operate. Consequently, for 

teacher development programmes the impact of teacher experience, the 

internal factor which has been shown to modify their pedagogic choices, was 

important for refining the objectives and so became a research question in its 

own right. The external factors at play being the secondary school context 

present at the time of the research and further captured by the idea of school 

culture. The range of potential external factors impacting upon teacher 

choices demonstrating the need to consider this within a separate specific 

third research question, adopting Hargreaves (1994) warning that only by 

understanding teachers work culture can we understand what and how they 

work. Consequently, the specific research questions developed were: 

1. What teaching strategies are chosen by new and early career science 

teachers to bring about conceptual change in their pupils? 

2. In what ways are chosen teaching strategies different between new and 

more experienced teachers?  

3. What factors influence these teachers’ choice of teaching strategy? 
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Once these areas were clearly determined for the purpose of this study it was 

then possible to achieve the new insight intended by the main research 

objective and identify recommendations that could be made to improve new 

and continuing science teachers’ practice.  
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Chapter 3. Methodology 

3.1 Introduction to the chapter 

Once literature relevant to how teachers approach their teaching and the 

contexts within which they operate had been considered, the research 

questions generated were addressed through a methodology by which they 

could be investigated. This chapter therefore aims to draw out the theoretical 

perspectives underlying this research and how it determined the approaches 

selected. As a case study exploring a specific group of teachers and context 

bounded by the institution and researcher (Creswell, 2013, p.99), care was 

taken to develop a synergistic set of procedures and methods and so these 

are detailed. It discusses how the knowledge generated within this work on 

teacher pedagogy was achieved though scrutiny of a specific group of 

teachers, their views and actions, as communicated through questionnaires, 

interviews and lesson observations.  

 

The decisions underlying design of the research, including what data were 

collected are considered and the steps employed to ensure this was done 

ethically with appropriate validity and reliability. The research questions 

required fields for data analysis to be chosen, links to be made to theoretical 

frameworks both for theories of learning and school culture, and so these too 

are justified. The chapter begins with the context of this study, a 

consideration of the role the researcher plays and how a reflexive approach 

to this offered an additional perspective through which to view the events 

studied.  
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3.2 Participants, context and researcher 

positionality 

This research is located in the context of a university-based provider of initial 

teacher training and is a case study of a group of past participants from this 

programme in the professional settings where they were appointed following 

their training. The researcher is employed as the science tutor for 

programmes based at this provider and as such has much invested in 

achieving high quality outcomes for student teachers and by extension the 

schools and pupils in this region. The shared context of researcher and 

participants offered the potential to enhance the study and the value of its 

outcomes. 

 

The participants involved in this research were generated from alumni of past 

teacher training cohorts known to the researcher. They had completed either 

the Post Graduate Certificate in Education (PGCE) or school-based 

Graduate Teacher Programme (GTP) programme of initial teacher training, 

working alongside the researcher, over the preceding decade. These alumni 

were invited to complete a pilot e-questionnaire to illuminate typical teaching 

practices and influences. This group reflected established links between 

researcher and participants though represented a range of years of teaching 

experience and all three separate science disciplines. The interview process 

itself underwent piloting following consideration of data from the pilot 

questionnaire and as informative insights were produced, outcomes are also 
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used for discussion in chapter 4. Nine teacher interviews were eventually 

undertaken and the participants of these are illustrated in the table below. 

 
Table 4. Overview of biographical data on interviewees. 
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AA 27 F British Indian 5 GTP Head of science 

BB 29 F British Indian 5 PGCE Head of biology 

CC 29 F White 2 PGCE 
2nd in science in charge of key 
stage 3 

DD 27 F White 1 PGCE science teacher 

EE 31 F White 5 PGCE 
science & physics teacher, STEM 
& primary liaison coordinator 

FF 26 F White 2 GTP science teacher 

GG 36 M British Indian 5 PGCE science teacher & head of year 12 

HH 43 F White 3 GTP science teacher 

JJ 27 M White 1 PGCE science teacher 

 

The background of these interviewees illustrates that within the sample, a 

spread of teaching experience from one to five years, and teachers from 26 

to 43 years of age were present. In addition ethnicities, identified by the 

participants as White or British Indian, were involved. Three of the 

interviewees were also subsequently observed teaching (identifiable as BB, 

CC and EE) also in the table above. 

 

As the chosen area of practice is central to the researcher’s work, there was 

a clear possibility that the researcher himself would impact upon the research 

process and findings. At the outset of data gathering, a reflective analysis of 
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what outcomes were expected from the research and how these arose from 

the researcher’s values and context was undertaken. The potential outcomes 

highlighted the areas where confirmation bias might be felt. Confirmation bias 

being “the tendency to search for, interpret, favour, and recall information in a 

way that confirms or supports one's prior beliefs or values.” (Nickerson, 

1998) It impacts upon both the search for information and the interpretation 

of information. It was accepted that such potential bias could not be 

eliminated entirely but could be managed by rigour in undertaking a literature 

review, triangulation of data sets and analysis of findings whist staying 

mindful of the liberty for potential subjects not to participate in each of the 

research stages so limiting the scope of data.  

 

The reflective analysis led to an understanding of researcher’s personal 

ontology, their view of themselves and how they saw others and so where 

they were positioned in the research. To “see things from others’ 

perspective… involves recognizing and suspending their own 

preconceptions” (McNiff, 2013, p.28). Attempting to understand teacher 

experience from the perspective of an insider built a strong relationship with 

participants and enabled consideration of how their world fitted with others. 

“Researcher positionality is a major consideration in deciding which approach 

to take” (McNiff, 2013, p.28) both in professional terms and in terms of 

personal philosophy.  

 

In undertaking the research, it was important to empower the participants to 

express their own context, experience and choices so that they saw these as 

https://en.wikipedia.org/wiki/Belief
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valuable and an important part of the research. The teachers were 

encouraged to express their own creativity and originality of mind. The 

learning and knowledge produced “became a creative process grounded in 

the relationship” (McNiff, 2013, p.47) between researcher and participants. It 

was important to keep an awareness of the researcher’s professional status 

and former relationship with participants, but learn from their experience and 

influences beyond the training period. This was achieved by selection of 

teachers within the research participants who had separation from this 

relationship by using participants who qualified up to five years earlier (table 

4) and reinforcing to them their value “as real-life participants in the research” 

with “their accounts seen as valid as the researcher-observer’s.” (McNiff, 

2013, p.47) 

 

The main technique used to ensure analytical rigour, following Creswell 

(2007), was triangulation to compare findings across the three different 

sources of data available, enabling one version of events to be compared 

with another. In addition, the data from observations and transcripts of 

interviews were made available to participants for their scrutiny and 

comment, which is discussed in chapter 4. 

 

It was important for the research to communicate values of integrity, 

openness and respect to the participants so ensuring they felt empowered to 

express their individual circumstances and choices. However ultimately the 

author had to accept that, as a qualitative researcher, their experience and 

preconceptions would influence what was seen and heard. Consequently 
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they were an essential and involved part of the research process and not a 

disinterested observer. 

 

To further support this, a reflexive approach was taken to the process. 

Alvesson and Sköldberg discuss how such a reflexive approach provides a 

medium for exposing ideological constraints on research, in this context they 

distinguish reflexive as a “particular specified version of reflective research, 

involving reflection on several levels” (2000, p.8). They describe how it 

empowers researchers to “recognise and transform constraints implicit in the 

research process” (2000, p.6). They argue that reflexivity is crucial in keeping 

research findings openly creative in the generation of ideas, by preventing 

research data from being poured into a given theoretical mould. This then 

avoids ‘locking-in’ to dominant ideas as a consequence of a lack of what they 

call “self-reflective problematising” (Alvesson & Sköldberg, 2000, p.6). “For 

us, being reflexive in doing research is part of being honest and ethically 

mature in research practice” (Alvesson & Sköldberg, 2000, p.7). Importantly 

they classify a lack of reflexivity as dishonest, considering neutral positions to 

be value free. 

 

It was therefore evident that such reflexivity offered the researcher a 

mechanism to both understand and develop the practice investigated and so 

multiple forms of data collection, analysis and discussion facilitated such an 

approach. Although in this context the researcher inevitably influenced the 

events observed, this offered an advantage rather than a constraint. The 

shared experiences of researcher and subjects, observed lessons and 
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professional discussions, provided the special pair of glasses suggested by 

Cousin (2010, p.11) with which to view the events. The personal experience 

and understanding brought by the researcher enabled the collection of richer 

data in interpretation of meanings and examples supplied by the participants. 

 

The significance of making use of reflexivity lay in the fact that this 

awareness became “a resource rather than a source of bias and one way we 

can do this is by subjecting ourselves as researchers to critical self-scrutiny” 

(Usher, 1996b, p.38) thus “challenging existing assumptions and attitudes 

with a view to changing professional practice” (Le Gallais, 2008, p.149). The 

researcher’s awareness of his personal position and values consequently 

minimised the impact of these on the research knowledge produced. Without 

such reflexivity these aspects could have introduced unintended bias or 

distortion into the research outcomes. By recognising the researcher’s values 

and seeking to avoid these controlling or constraining the determination of 

data or production of knowledge, a reflexive awareness diminished any 

potential for bias. 

 

Several key terms were adopted for those participating in the study. For 

teachers involved the term ‘participants’ was adopted for the reason 

suggested by Oliver that “something is being carried out in conjunction with 

them” (2010, p.4) rather than an alternative suggesting research was done to 

them. In the context of those completing online questionnaires ‘respondent’ 

was used, the difference between respondent and participant being 
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associated with how closely they were involved with the research. The former 

implying no face-to-face involvement, the latter to teachers fully involved in 

the process. For interviews the interviewer / interviewee pair of terms have 

been used to convey both the data collection method and more parity of 

status. 

 

3.3 Research approach 

In broad terms this is naturalistic research that draws upon interpretive 

methodologies. As research it is systematic and controlled. In the words of 

Cohen et al., interpretive researchers “begin with individuals and set out to 

understand their interpretations of the world around them.” (Cohen et al., 

2007, p.22) This interpretive view, may share the rigour of the natural 

sciences and the same concern of traditional social science to describe and 

explain human behaviour, but “emphasises how people differ from inanimate 

natural phenomena and, indeed, from each other” (Cohen et al., 2007, p.7). 

 

Lincoln and Guba (1985, p.15) define a paradigm as a set of beliefs and 

accompanying methods. They go on to discuss how this gives these ideas 

the strength of enabling action by inquirers without extended consideration, 

but the weakness that they enable hidden assumptions about the paradigm 

to remain unquestioned. According to LeCompte and Schensul, “[a] paradigm 

constitutes a way of looking at the world; interpreting what is seen; and 

deciding which of the things seen by researchers are real, valid, and 

important to document” (LeCompte & Schensul, 1999, p.41). It is interesting 
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to compare this with Foucault’s view, which requires those looking at the 

world to include in their consideration the underlying power, knowledge and 

politics of the system (Foucault, 1980). Even though a researcher may 

consider that they are just ‘finding something out’ in a neutral manner, the 

kinds of questions asked and the methods utilised will be culturally 

determined.  

 

This work, although interpretivist in nature also included some pragmatic 

decisions around the methods adopted. 

This approach … takes the research problem as its fundamental 
concern and it assesses the value of research strategies and methods 
in terms of how well they work at dealing with that problem. It…stresses 
that it is not a matter of whether quantitative research is better than 
qualitative research or vice versa; it is a matter of which is more 
effective in relation to the research problem (Denscombe, 2010, p.324). 

Pragmatic approaches arise as a consequence of the tension between 

personal engagement and external drivers. This is evident where researchers 

utilise different methodologies depending on the research questions they are 

trying to answer at particular times. Approaches from qualitative or 

quantitative frameworks or a mixed method, are used as appropriate at any 

particular time. Dewey (1910) suggested that the meaning and truth of any 

idea is a function of its practical outcome. This then relates to educational 

research as investigating the practice of educators (Biesta & Burbules, 2003). 

Typically, in such contexts, quantitative methods are utilised when looking for 

breadth or to test a hypothesis, whereas qualitative methods are preferred 

when seeking depth and meaning. Arguably in educational research, a mixed 

methods approach is then the most pragmatic. Usher (1996a) advocated this 



 92 

for research by practitioners in that their strength lies in them researching 

their own practice.  

 

For this case study into a specific area of education, whilst following the 

interpretivist paradigm (Cohen et al., 2007, p.21), being naturalistic in 

approach the employed methodology still needed care to develop a 

synergistic set of procedures and methods. Case studies attempt to see 

things through the eyes of participants (Cohen et al., 2007, p.257).  They are 

though not distinguished by the specific methodologies they employ but the 

subjects into which they enquire (Hitchcock & Hughes, 1995). Case studies 

are specific instances that can usefully illustrate more general principles 

(Cohen et al., 2007; Nisbet & Watt, 1984). They are “the study of an instance 

in action” (Adelman et al., 1980). Creswell (2013) identifies different types of 

case study distinguishing them by the intent of the case analysis. For the 

research described in this thesis his description of an intrinsic case study 

which focuses on the case itself has been adopted. The case under 

investigation here (that of past participants of a course of initial teacher 

training) fits this in considering a unique situation retaining the features of a 

detailed description of the case set within its own unique context. 

 

This single instance of a bounded system provides specific examples of real 

people and situations to better help illustrate ideas than would be the case for 

an abstract idea. Furthermore, in drawing conclusions it was important to 

remember Wellington’s warning, that “most ‘real world’ situations are 

extremely complex, involving a huge number of factors or variables, as well 
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as the values and aims of the participants.” (2015, p.21). Consequently, by 

considering one unique setting this research recognises that context is a 

powerful determinant of both causes and effects (Cohen et al., 2007, p.253) 

and hence a case study approach is appropriate where such contextual 

conditions “might be highly pertinent to your phenomenon of study” (Yin, 

2003, p.13). 

 

Epistemology as a term originates from Ferrier (1854, p.46). It is the branch 

of philosophy concerned with the nature and scope (limitations) of 

knowledge. As such the knowledge generated within this work on teacher 

pedagogy, arising from interactions between teachers and a researcher, is 

perceived to be constructionist. Constructionism is the view that “all 

knowledge… is contingent upon human practices, being constructed in and 

out of interaction between human beings and their world, and developed and 

transmitted within an essentially social context” (Crotty, 1998, p.42). 

Consequently, it applies to this work because the knowledge generated was 

arrived at out of the researcher’s observation and scrutiny of the world of 

teachers, communicated through language and observation. Only by 

considering the context within which teachers operate was it possible to 

generate meaning. In Crotty’s view the meaning did not pre-exist in an 

objective sense.  

According to constructionism…we construct meaning. We have 
something to work with. What we have to work with is the world 
and objects in the world. (Crotty, 1998, pp.43-44) 
 

The culture within which teachers operate creates and sustains social rules 

that the study described in this thesis attempted to reveal. These social 
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norms “are constructed and sustained by the observation of the social rules 

which obtain in any social situation by all the social interactors involved” 

(Greenwood 1994 p85 in Crotty, 1998, p.54). However, this constructivist 

epistemological position needs to be regarded separately to the constructivist 

model of teaching of the same name. In the context above the term 

constructivism is used as an epistemological position – a theory about the 

state of any knowledge considered. However, in the context of learning 

theory and particularly child development, key components of this research 

as discussed in chapter 2, it has also become a theoretical perspective as a 

consequence of the work of Piaget (1972), Vygotsky (1978) and Bruner 

(1986). 

 

The views of practitioners in this study are potentially problematic as their 

responses can be regarded as based upon the accepted rhetoric of their 

context rather than reality of their actual practice. There are many traditions 

in an educational context and teachers begin to internalise these as objective 

truths without considering the context that has given rise to them. This is 

especially so when the measuring framework used is external to their 

particular context as arises when responses are supplied from a distance. An 

example of such would be where an interviewed teacher espoused offering 

opportunity for dialogic learning in their lessons, but when observed in 

practice regularly shuts down discussion to maintain order and compliance 

within an activity.  
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Close scale analysis of actions within a context (such as specific examples of 

lessons) however creates a further tension. If, as could have been the case 

in this work, the observation strategy utilised had been separate (externally 

analysed records of lesson structure, lesson observation notes, videos or 

audio recordings), the findings would have missed some of the depth of 

understanding and shared meaning built up within the social context of that 

environment. To mitigate such, the researcher took the role of observer in 

lessons, and of questioner in interviews, and so shared much more of the 

social context of those being observed or interviewed. This, however, 

produced the potential for the outcomes to become distorted by the views 

and culture of the investigator. Stenhouse (1984) overcame this by 

augmenting the researcher’s focused observation of actual practice with 

further interviews conducted in the context of these observations and so the 

research discussed here adopted a similar strategy. 

 

The methods adopted were selected based upon a pragmatic choice of 

available research subjects and tools. Methods are what Wellington (2015) 

describes as the range of tools used in educational research to gather data 

that are to be used as a basis for inference and interpretation, for explanation 

and prediction. These methods are ultimately determined by the 

philosophical position chosen by the researcher’s stance on the kinds of 

research that are worth doing. Understanding this position is then a 

prerequisite to any research undertaking. The package of philosophy, 

methodology and methods are a coherent group, which forms the underlying 

paradigm, or world-view, and will be shared by other similar researchers. Coe 
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takes the approach that regardless of whether this is a prerequisite or not, it 

is still important for researchers to “understand their own and others’ views 

about the nature of reality (ontology), how we can know about it 

(epistemology) and the different values (axiology) that may underpin enquiry” 

(Coe, 2017, p.5). But he goes on to accept that some understanding of 

different paradigms can also be helpful, in particular opposing viewpoints are 

to be appreciated as “understanding the values and beliefs of researchers is 

crucial to understanding their claims” (Coe, 2017, p.6). 

 

The theoretical perspective of this research was interpretivist as the key 

purpose was to describe what occurs within science classrooms and so 

reveal the meanings that could be attributed to the events observed. It was 

interpretivist because it attempted to describe and understand complex 

situations, something that was only possible because the researcher had an 

underlying knowledge of schools, science departments, science classrooms 

and the intentions of teachers. This provided a specific set of skills and 

knowledge that allowed them to drill into the events observed and described 

within lessons. However as indicated by the Hawthorn effect (Payne & 

Payne, 2004) the presence of the researcher in the classroom and in 

discussions with teachers, inevitably affected the reality of lessons observed, 

and views expressed. 

 

For this case study, an initial premise is that the actions described or 

observed in science lessons were framed in the social context of how those 
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teachers wanted their practice to be seen. For example, the framework that 

Ofsted use to measure schools and consequently classroom performance 

(Ofsted, 2019) is well known by teachers and so for them frames much of the 

way they regard events in a classroom. Unfortunately, the relationship 

between theory and classroom practice is such that no moral philosophy or 

teaching method can tell a teacher what to do in particular circumstances. As 

discussed by van Manen (1995) the social context of the classroom is too 

complex for any single theory or set of principles to be appropriate. He 

considers that there is not the reflective distance necessary to allow theory to 

be carefully applied – the teacher needs to confidently and immediately act. 

This is where they draw upon situated practical knowledge. From an 

Aristotelian perspective theory and practice are separate, theory being 

“emphatically distinguished from any knowledge that might have practical 

import” (Elliott, 2006, p.172), whereas Lewin (1951) and Kant (Morrison & 

van der Werf, 2012) would argue they cannot be separated “there is nothing 

so practical as a good theory” (Lewin, 1944, p.27). They would suggest 

educational theories could only be generated in the context of practice, 

through the judgements and actions of teachers an activity referred to as 

action research. This can be considered as a form of common-sense 

theorizing as distinct from the detached view of educational theory that has 

dominated relationships between academics and teachers (Elliott, 2006, 

p.173). 
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3.4 Research Design 

To understand the pedagogic choices made by this sample of science 

teachers and so investigate the identified research questions the main steps 

adopted were as follows, also illustrated in the overview (table 5 below). As a 

pilot, planned teaching strategies (research question 1), plus the drivers and 

constraints for these (research question 3), as used by new and recent past 

trainee teachers (research question 2), were investigated through an e-

questionnaire (appendix 2). This enabled broad themes underlying the area 

under investigation to be generated. By drivers, the “constructive and 

meaningful responses on the part of teachers to cope with situationally 

experienced constraints and dilemmas” (Scarth, 1987, p.259) were intended, 

and the way they impact on the ability of teachers to operate in the manner 

which they would adopt should these obstacles not be present. 

Table 5. Research method overview. 

Research methods 
used and sample size 

Evidence collected Research 
question 

Pilot e-questionnaire 

(sent to 240 potential 
participants from whom 76 
responses were received) 

Biographical details of participants; 

Broad descriptions of teaching strategies 
intended and used; 

Drivers and constraints for chosen 
strategies. 

1, 2 & 3 

Individual interviews 

(9 teachers participated from 
6 different schools) 

Biographical details of participants; 

Details of teaching strategies intended and 
used; 

Reasons underlying choices of teaching 
strategy; 

Response to images of Hargreaves’ (1994) 
models of culture. 

1, 2 & 3 

Lesson observations 

(3 observations of different 
teachers were undertaken) 

Biographical details of participants; 

Details of activities used recorded using 
observation matrix. 

1 & 2 

Post-lesson discussions 

(3 post-lesson observations 
were undertaken) 

Reasons underlying choices of teaching 
strategy. 

3 
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Responses to the pilot e-questionnaire were reviewed through the package 

‘surveyor’ to consider data trends and to review free text responses so to 

inform the structure of, and participants for the first main component, a series 

of nine individual half hour interviews about the strategies intended and used 

(research question 1) by new and experienced science teachers (research 

question 2). A common interview framework was devised (appendix 7) but 

extended responses were encouraged to ensure the reasons underlying 

teacher choices could be more fully explored (research question 3). These 

then were qualitative in nature as: 

Qualitative interviews are conversations in which a researcher 
gently guides a conversational partner in an extended discussion. 
The researcher elicits depth and detail about the research topic by 
following up on answers given by the interviewee during the 
discussion. (Rubin & Rubin, 2005, p.4) 

The interviews also employed images (figure 1, in chapter 2) developed from 

Hargreaves’ (1994) models for school culture as stimulus to explore teachers’ 

operational context and so potential factors influencing their choice of 

strategy (research question 3). The second main component, intended to 

mitigate against rhetoric as previously indicated (Crossley & Vulliamy, 1984) 

and to better represent actual practice (research question 1), consisted of 

three teachers observed and recorded using a lesson observation matrix 

(appendix 10) which incorporated the framework of learning theory - with 

outcomes explored with each teacher during open post-lesson discussions. 

 

In developing the above approach, the researcher’s ontological and 

epistemological assumptions, and his view of what it is to be human, came to 

impact directly on the research methodology. As Cohen et al.(2007) claim, 
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how the world is viewed impacts on “the choice of problem; the formulation of 

questions to be answered; the characterization of pupils and teachers; 

methodological concerns; and the kinds of data sought and their mode of 

treatment” (Cohen et al., 2007, p.8). 

 

In selecting a research design, it was important to consider what was known 

already, what could reasonably be determined, and the researcher’s personal 

ontology about the area in question, before embarking on what was to be 

done and how. For the researcher, it was tempting to begin with the technical 

but, however attractive it may have seemed to use the research strategy and 

methodology to drive the purpose of the research, it was recognised that the 

amount and type of data necessary for meaningful research into context 

should not be the central feature of the design. Even if from a pragmatic 

perspective it seemed necessary to produce some externally verifiable data 

to support frameworks of accountability.  

 

Here Elliott’s (2006) distinction between ‘educational research’ and ‘research 

on education’ was helpful. Research that is educational addresses practical 

questions and so is often evaluative, forming practical insights and judgments 

rooted in the everyday experiences of education practitioners and so would 

include the work described here. It is a form of common-sense inquiry rather 

than a science. Typically, this takes the form of action research, evaluating a 

change, not the vision or development of the researcher. Alternatively, 

research on education aspires to produce ‘objective knowledge’ about 
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practice in classrooms and schools by adopting the position of an impartial 

observer. He says,  

I now see ‘educational research’ as an eclectic and heuristic form 
of enquiry. It is not necessary to justify such methods 
‘methodologically’, in the sense of providing access to the ‘truth’. 
There is, I would now argue, no particular method or group of 
methods that ‘educational research’ must necessarily employ. 
(Elliott, 2006, p.178) 

Cousin additionally reminds us to “caution against the narrow view of 

empirical research in which the hunting and gathering of data are treated as 

the primary purpose of the research enterprise” (Cousin, 2009, p.2). It was 

however important to bear in mind that the limited set of participants and 

hence quantity of data collected determined where the research was 

positioned on a balance between contextually useful and externally 

transferable outcomes. This determined its position as interpretivist on the 

empiricist – rationalist continuum. 

 

Two examples from similar contexts to the proposed research were used as 

models to develop the chosen methodology. The Abrahams and Millar 

research into the effectiveness of practical work as a teaching and learning 

method in school science (Abrahams & Millar, 2008) used a theoretical 

framework proposed by Millar et al. (1999) for analysis of school-based case 

studies. For this, they analysed 25 lessons in eight mixed comprehensive 

schools in England to determine the effectiveness of the practical activities 

utilised in meeting the teacher’s stated learning objectives. Pre- and post-

lesson interviews as well as lesson field notes were the means of data 

collection and provided a rich insight into the quality of learning arising from 
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the tasks completed. This was in contrast to the in-depth case study 

approach Abrahams and Sağlam (2010) took when repeating the oft-cited 

research into teachers’ views about the purpose of practical work in science 

education originated by Kerr (1963), these latter two examples being large-

scale quantitative studies. More importantly though, these can be seen as 

studies of the rhetoric of practical work, rather than the reality, as recognised 

by Abrahams and Millar (2008) who repeat Crossley and Vulliamy’s (1984) 

suggestion that “questionnaire-based surveys are unlikely to provide 

accurate insights into the reality of teaching within its natural setting but are 

more likely to reproduce existent rhetoric” (Abrahams & Millar, 2008, p.1950). 

Abrahams and Millar thus argued that when an interviewer and interviewee 

discuss a shared experience, such as the science lessons described by 

participants here, then the latter’s responses are more effectively anchored in 

the required reality and so produce a higher degree of validity for that context 

that can then be generalised to other settings. These examples were crucial 

in determining the methodological choices of interviews, conducted within 

teachers’ school context, leading towards a sample of lesson observations, 

and post lesson discussions. They also determined the choice to use the e-

questionnaire only in a pilot stage where generating broad themes and a 

sample of potential participants. 

 

Although the knowledge generated was framed in the unique contexts and 

experiences investigated, there were however two pre-determined theoretical 

frameworks applied to this research. These were firstly the framework of 

learning theories developed by McGregor (2011) that allowed a ‘learning 
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theory’ lens to be applied to descriptions and observations of teaching 

actions, and Hargreaves’ (1994) models for school culture which were used 

as a stimulus for teachers to describe their context and social interactions. 

These two theoretical frameworks were deductively imposed to allow a 

systematic approach and frame any analysis or new theory generated. The 

first of these (the framework of learning theories) was used to categorise 

teachers’ described actions, and observed activities so facilitating analysis, 

whereas the second (models for school culture) offered a stimulus for 

discussing of school context, constraints and drivers during teacher 

interviews. 

 

The above design was consequently developed to facilitate the intention of 

better understanding the practice of this sample of science teachers, so to 

enable recommendations to be developed aimed at improving such teachers’ 

practice. The context of this particular case study being the past participants 

of one institution’s science teacher training programmes, and the research 

instruments of interview and observation offering multiple mechanisms to 

evaluate their practice against the learning theory framework selected. 

 

3.5 Data collection 

This intrinsic case study (Creswell, 2013, p.100) utilised as participants 

adults bounded within a specific population, all past participants of science 

teacher training at the researcher’s home institution. This approach meant 

that there were not sufficient potential subjects to enable any form of random 
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(probability) sampling and therefore a non-probability approach was used. 

This research fits well with Hitchcock & Hughes descriptions of a case study 

as it “focuses on individual actors and groups of actors, and seeks to 

understand their perception of events” (Hitchcock & Hughes, 1995). It utilises 

a clearly defined group of individuals with a common set of characteristics. 

Thus, the potential sample of 240 past participants self-selected to the 76 

who responded to the pilot e-questionnaire. 

 

The data collected were drawn from three components: a pilot e-

questionnaire, individual interviews with teachers and a small number of 

lesson observations (examples, and data from which being in appendices 2 

to 10). The first of these was used to ascertain views from a large number of 

teachers and to refine the focus of the interviews and observations. The 

participants had all undergone initial teacher training with the researcher 

either on the University’s PGCE or school-based science programmes over 

the last 10 years and were contacted initially by email to invite participation in 

the pilot questionnaire. This was then used to request and select participants 

for interviews and the even smaller sample who were observed in the actual 

process of teaching. Analysis of the teaching choices evident through each of 

these data samples was undertaken through comparison with descriptions in 

the learning theory lens described in chapter 2, and constraints and drivers 

for any choices made were revealed through analysis of the associated 

descriptions of contexts and experiences. Both the e-questionnaire and 

interview were subject to pilot, the former with colleagues of the researcher 

from a science teaching background, the latter with current participants of 
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science initial teacher training programmes. Analysis of this highlighted only 

minor areas of terminology to adjust but that they held the potential to 

produce rich and relevant data. Analysis of the pilot e-questionnaire quickly 

demonstrated only limited descriptions of learning activities were provided, 

and so the in-depth methods of interview and observation would instead offer 

the greater scope for meaningful insight into teachers’ practice and contexts. 

 

From the 76 respondents to the pilot e-questionnaires, 36 offered to be 

further involved in teacher interviews. Of these a sample was selected for 

interview based on their availability at the time and selection filtered by 

criteria anticipated to be relevant to teacher behaviour following indications in 

the literature (see chart 1). These being to ensure it covered a range of 

teaching experience, all three science specialisms, both PGCE and school-

based routes for teacher training and importantly included schools from the 

university ITE partnership and some where more than one teacher had 

offered to participate, this last selection criterion being to determine the 

validity of the school culture models selected. This selection produced a set 

of nine teachers representing the above groups who were subsequently 

interviewed (see table 5). The individual interviews were undertaken in 

participants’ school settings, with permission from the relevant Head 

teachers. These typically lasted for 30 minutes, and followed the framework 

given in appendix 7. They were audio-recorded and later transcribed for 

analysis. 
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Chart 1 Interviewee selection process 
 

There was a need to provide a logical rationale for why the nine interviews 

completed was sufficient for the needs of the study. This was determined in 

both the design stage and once interviews were underway as recommended 

by Roller & Lavrakas (2015, p.73). The number recommended to be 

undertaken varies considerably in the literature, but Roller & Lavrakas 

suggest that for a “hard to reach subgroups” (2015, p.74) such as the science 

teachers in this context six could be sufficient but over 100 could be required 

for larger populations. To ensure a suitable sample agreed to participate in 

both the pilot questionnaire and interview processes, the purposes of the 

research was explained through information leaflets, and in the introduction 

to the questionnaire. For lesson observations a request to agree to such was 

made within the interview process. A further strategy to maximise 

involvement (as well as a context stimulant) was for the researcher to travel 
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to the participants’ normal school setting and so minimise disruption to their 

normal routine. 

 

The lesson observation and discussion component was the final part to be 

undertaken and all participants in interviews were given the opportunity to be 

involved in this stage as a mechanism to increase the likelihood of teacher 

descriptions matching personal practice. However, as this observation stage 

was part of the triangulation process, only a sample of those interviewed 

were required for observation. This sample was determined using criteria of: 

(a) teachers from each of the three science specialisms; (b) being in different 

schools; and (c) having a spread of teaching experience, whilst not including 

those who were newly qualified as they were deemed to already be under 

pressure. These criteria generated the three participants chosen for 

observation (see table 5). 

 

The non-participant status of the observation was important as the 

researcher staying separate from the teaching and learning activities under 

consideration minimised the influence of the researcher on the practice in 

question whist recognising this could not be fully removed.  This final stage 

corresponds with Cohen et al.’s recommendation that “at the heart of every 

case study lies a method of observation” (2007, p.258). In this study, this 

took the form of non-participant observation where lessons were recorded in 

a detached manner coding classroom activities and looking for minimal 

interaction between pupils and observer, this process being illustrated in 

appendix 10. Furthermore it has also been suggested that case studies 
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contain three main stages, commencing with a wide field of focus 

progressively narrowing the field to identify key areas (Nisbet & Watt, 1984) 

and meets Creswell’s (2013) suggestion that the final interpretive phase of 

the research involves the researcher reporting on the learning that has been 

achieved through the process described by Lincoln and Guba (1985) as the 

“lessons learned” from the case given in chapter 5 as recommendations. 

 

The data generated was largely qualitative in nature though some aspects of 

this were suitable to present in a quantitative form for consideration. 

Quantitative research does allow the rigorous use of statistical techniques, 

though these are not adopted here, as the sample sizes for the interview and 

observation were so small. Statistical techniques for Rubin & Rubin miss the 

“richness of findings from (in-)depth interviews” (2005, p.vii). Furthermore 

they suggest that by using an interviewer who is knowledgeable about the 

research area from first-hand experience, who asks questions about this 

experience or knowledge, then listens intently to responses asking additional 

questions until these are really understood allows the researcher to really 

learn something deep and credible from another’s point of view so treating 

“interviewees as partners rather than … objects of research” (Rubin & Rubin, 

2005, p.vii). 

 

The meanings and purposes described by those participating in this work 

were used to “yield insight and understanding of their behaviour” (Cohen et 

al., 2007, p.22). An attempt was made to produce findings, which 
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approximate to reality whilst accepting that the researcher’s subjectivity still 

shaped the observed form of that reality.  

 

3.6 Validity and Reliability 

Validity is a key concept in any research (Muijs, 2004), and like other 

research methods, case studies have to demonstrate this (Cohen et al., 

2007). Muijs recommends that when considering validity we first need to ask 

if we are measuring what we want to measure? This though this is often 

difficult to determine as the ideas and views we want to ascertain cannot be 

done so directly, and he describes such quantities as latent variables (Muijs, 

2004). Two of the instruments used here, questionnaire and interview, to 

determine what is taught and when, are indirect. The preceding literature 

review ensured that the content investigated was valid (Cohen et al., 2007); 

being well understood by the researcher and so this ensured the questions 

developed were relevant and well defined hence demonstrating good 

construct validity (Cronbach & Meehl, 1955). 

 

In addition, both the e-questionnaire and interview were piloted using people 

familiar with the area investigated (teacher colleagues and trainee teachers) 

to check their operation and clarity of terminology. As separate research 

instruments were employed, this was intended to add a form of triangulation 

(Cohen et al., 2007) to the investigation with each component complementing 

the other. It was recognised that the judgments made were based upon the 
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best available evidence at the time (Crano et al., 2015) but should this 

evidence change the evaluation of validity could do too. 

 

It could be considered that in the context of a case study such as this, the 

results obtained lack reliability in the positivist sense as they cannot be 

repeated in the context they were originally obtained (Crano et al., 2015) and 

a lack of systematic control (Shaughnessy et al., 2003) which makes it 

difficult to draw wider inferences from the data with the sample size being 

small. However, for the context of this study into professional practice and 

the community involved they provide internal validity (Cohen et al., 2007). 

Indeed some authors suggest that for qualitative research such as this the 

terms credibility, dependability and trustworthiness (Lincoln & Guba, 1985) 

are more appropriate in offering insights into teacher practice than reliability 

and this idea better reflects the intention of the research. They draw upon 

Kerlinger (1973, p.443) to describe dependable outcomes, and, in this 

context, they assert that the reliability achieved through trustworthiness is a 

precondition for validity. Furthermore, Lincoln and Guba suggest that 

credibility offers for naturalistic inquiry the equivalent of internal validity 

(1985, p.296). This case study then offers advantages in catching unique 

features that might be lost in larger scale research; and provides insight into 

other similar situations and cases, thereby assisting interpretation of such 

cases (Nisbet & Watt, 1984). 
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3.7 Data analysis 

Analysis of data and findings was an on-going activity that both informed the 

data collection and any theory formation. It did not just form the last part of 

the research process, instead it was seen as part of the research design and 

the data collection. “The research process, of which analysis is one aspect, is 

a cyclical one” (Coffey & Atkinson, 1996, p.6). The contrasting methods used 

enabled triangulation of findings “a strategy that adds rigour, breadth, 

complexity, richness and depth to an inquiry” (Denzin & Lincoln, 2005, p.5). 

This triangulation was achieved through the inclusion of multiple sources of 

information hence ensuring congruence (Lincoln & Guba, 1985, p.882). The 

initial large scale provided by the pilot e-questionnaire offered the greatest 

potential for rigour in determining the relevant areas for closer inspection in a 

detached and separate manner. Moving from this into teachers’ descriptions 

of social interactions bridged what Schön (1992) calls the dilemma of rigour 

versus relevance. The qualitative aspects of this research using accounts 

from interviews, questionnaires and post-lesson discussions, were aimed at 

developing a description and understanding of the relevant cultural 

phenomena Schön considers to be “truly important” (1992, p.120). This 

enabled the analysis of data to reflect the motivating factors, knowledge and 

meanings underlying the actions of this group of science teachers. 

 

The chosen fields for data analysis originated from two components; the 

relevant areas of the research question and the two theoretical frameworks 

for learning theory and culture adopted from the literature. The first of these 

being used to categorise teacher intentions and actions against those in table 
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3; the second to stimulate teacher descriptions of school organisation and 

culture. Demographic details also required some consideration. For example 

in his investigations into teachers’ purposes for practical work, Kerr (1963) 

analysed data according to specialism, gender and years of teaching 

experience whereas Abrahams and Sağlam (2010) in repeating this work half 

a century later focused more specifically on specialism within science. So 

why did they move to specialism and is it relevant for this work? This perhaps 

reflected the contemporary political agenda, which emphasised then as still 

happens now, differences within the sciences. The fact though that currently 

the majority of teachers of physics are working outside their specialism – 

27% of those teaching physics to secondary pupils do not have a relevant 

post A-level qualification compared to 7% for biology (Department for 

Education, 2020); figures that have not changed by more than 1% in the last 

five years; with lesser but associated issues for key stage 4 chemistry – does 

though emphasise a potential problem with this approach. Furthermore, 

science teachers at key stage 3 often do not operate within a subject 

specialism at all, unless they are working in selective, high achieving or 

independent schools. However, as the category of specialist science 

teachers holds current traction, it was included as one strand within the 

biographic data collected but as this produced the potential for fallacious 

outcomes, this strand alone was not selected. Instead, analysis fields that 

included teacher age, experience, training route and types of employing 

school were used, as well as consideration of extended verbal responses 

because this better suited the needs of the research questions. 
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The research questions sought to investigate the teaching strategies used by 

different groups of teachers. Consequently, during the interviews participants 

were required to provide descriptions of science lessons they had recently 

planned and delivered, related to key scientific ideas and intended to offer 

pupils opportunity for conceptual change. These descriptions were then 

coded against the McGregor (2011) categories to identify where features 

matching elements of the four strategies arising from learning theory 

(behaviourist, constructivist, social constructivist and socio-culturalist as 

detailed in chapter 2, and as presented in table 3) were present. The 

frequency with which elements from each learning strategy were described 

by the interviewee was identified and related to the relevant components for 

each research question. This process was also mirrored with lesson 

observations where the frequency of activities matching aspects of the four 

strategies was identified for subsequent analysis. 

 

The factors underpinning teachers’ choice of teaching strategy is the focus of 

research question 3. As described in chapter 2 section 5 the culture of a 

school and department is a key component illustrating the contexts within 

which secondary science teachers operate and so models of school culture 

developed from Hargreaves (1994) were adapted to provide a stimulus for 

teacher’s descriptions of their context and as a subsequent framework for 

analysis. Figure 1 in chapter 2 illustrated these representations of school 

culture, these were used as a stimulus for participating teachers to describe 

their perceived context and to provide a framework to aid subsequent 
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analysis, a photograph (image 1) illustrating this in practice is provided in 

chapter 4. 

 

The non-participant observations of tasks presented to pupils by teachers 

within a lesson and more specifically the way these were structured, offered 

an insight into how these teachers’ conceptualisations of their pupils learning, 

whether knowingly or unconsciously, were manifested in practice. Analysis 

therefore focussed on both the types of activities and tasks that were 

presented, and how these activities were constructed and delivered to pupils.  

It was this multi-layered analysis provided in chapter 4 that enabled the 

unpacking of teachers’ thinking and purposes when designing activities.  

 

3.8 Ethics 

Research ethics are concerned with respecting research participants 

throughout a project, by using agreed standards. “Even if the researcher 

believes they thoroughly know the whole topic area and the likely results, 

they have to be alert to new, surprising and challenging findings if the 

research is to be valid and worthwhile” (Alderson & Morrow, 2011, p.4). In 

assessing the research, a risk, cost, harm, and benefit assessment was 

undertaken and ensured the research provided the minimum of the former 

three areas yet maximized the latter.  Consequently from the outset this 

research needed ethical consideration as “all social research (whether using 

surveys, documents, interviews or computer-mediated communication) gives 

rise to a range of ethical issues around privacy, informed consent, anonymity, 



 115 

secrecy, being truthful, and the desirability of the research” (Blaxter et al., 

2010, p.161).  

 

Placing the research within the researcher’s workplace context offered both 

advantages and disadvantages, as discussed by Blaxter et al. (2010, p.48) 

who suggest the areas considered below. The main advantages in the 

selection of this research population included: 

• Ease of access: the researcher had day-to-day contact with both newly 

qualified and experienced teachers in the selected schools. 

• Time efficiency: visits to schools are a part of this routine contact and so 

could serve dual purposes. Access was quicker and more easily 

arranged. 

• Inside knowledge: there was a shared language, and shared 

understanding of the nature and structure of science lessons that both 

participants and researcher possessed. 

• Getting deeper quicker: an understanding of contexts and purposes 

within science lessons expedited the process of getting to grips with the 

key elements of lesson structures and methods within a small number 

of interviews and observations. 

• Existing networks of contacts: the participants were already within the 

network of teachers encountered by the researcher. Trust, rapport and 

good working relations were already in existence. 

• A perception of likely outcome was already present: likely benefits from 

understanding this area more deeply were evident to both researcher 
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and participants so the value and contribution of the work was already 

shared.  

 

Potential drawbacks to this approach, which needed ameliorating, included 

four areas. Firstly, the potential for interference or pressure from employers: 

both the researcher and participants could have experienced work pressures 

and expectations that made focus on the outcome of this research 

challenging and could have impacted on the teaching methods investigated. 

However, as it was precisely these pressures that were one element of 

potential findings, they were an on-going element under scrutiny. Secondly 

there was a lack of anonymity for participants - it was accepted by both the 

researcher and participants that they were known to the researcher but are 

anonymised in outcome data and findings. It was possible that participants 

may have been more willing to talk openly about problems to a neutral 

outsider; however, it was decided that in this context the trust derived through 

existing relationships conveyed sufficient confidence regarding 

confidentiality. A third potential drawback, applicable to all such research is 

that the outcomes could be ignored, but as the findings of this research have 

the potential to impact in a positive way on the practice of science teaching, it 

has been a priority to suitably disseminate these to relevant audiences to 

ensure this happens. Finally, an independent critical view is more possible for 

outsiders, because with insider research there is often the potential to 

overlook the obvious, however, through the separate components of the 

research methodology, and use of feedback between participants and 

researcher this possibility was ameliorated. 
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From the beginning it was intended that this research would meet the 

requirements of the host institution’s category A ethical approval: 

Category A projects usually involve the participation of people, 
rather than secondary data sources such as published memoirs 
etc., but are not deemed hazardous to the physical or 
psychological welfare of the participant or the investigator. They 
do not employ vulnerable individuals, in the context of the specific 
research, or investigate issues likely to give grounds for offence. 
(University of Wolverhampton, 2008) 

 

This is illustrated in the approved Ethics form in appendix 1. In this regard, 

through the process of achieving informed consent, all data from participants 

were treated anonymously and cannot be identified within this report. 

Although associated with schools and children learning, no ‘vulnerable‘ 

groups were included as a consequence of the research group (qualified 

teachers) utilised. It was the work of professionals with children that was 

considered, and no specific data on children or young people were collected. 

 

For those participating informed consent was obtained in advance of any 

data collection. BERA takes informed consent to be “the condition in which 

participants understand and agree to their participation without any duress, 

prior to the research getting underway” (BERA, 2011, p.5). Through an 

information leaflet (appendix 6) all the participants in the research were 

informed of the process in which they were engaged, including why their 

participation was necessary, how it was to be used and where it would be 

reported. Participants in the research were required to provide active 

consent, which was recorded in both questionnaire data and audio 
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recordings of interviews. The information leaflet was distributed whenever 

any form of data was due to be collected. This was intended to provide all 

concerned with standard information about the project and a mechanism for 

reminding participants of their right to withdraw at any time upon request. 

Oliver (2010, p.31) considers that such arrangements produce an ethical yet 

cooperative relationship between researcher and participant. Presumed 

consent was applied to other affected parties (school head teachers) through 

the information leaflet, who were implied to have authorised research activity 

in advance where it was undertaken on their school premises. In this context 

the definitions provided by Lambert (2012, p.141) were applied to these 

terms with active consent requiring a specific response and presumed being 

assumed where after being informed, in the absence of objection, consent 

has been given.  In the context of audio recording interviews, the process 

included arrangements for identifying (and anonymising) participants through 

assigning transcripts random letter identifiers. Recordings were stored (on 

one encrypted computer and later deleted on completion of the research 

project) and interviewees were offered the right to see transcripts after the 

event to further support the research aim of developing individual’s practice. 

 

Teachers selected for lesson observation were briefed in advance to ensure 

no disturbance of pupils’ usual routine or activities occurred, especially as it 

was the normal diet of science lessons that was under investigation. Lesson 

observations involved completion of a pre-determined recording template 

(appendix 10) that addressed the learning theory models employed, and task 

structure utilised with subsequent analysis. The method of data collection 
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was discussed and agreed with participating teachers in advance. Post-

observation discussion was also audio-recorded with participant consent and 

transcribed, to facilitate validation and discussion of the observation findings. 

 

In this research, it would have been possible, indeed tempting, for the 

researcher to use records from the observation of trainee teacher’s lessons 

as are routine within his work as a teacher trainer to add to the observations 

from those with experienced teachers set up with the explicit purpose of this 

research. However, this would have undermined the trust that existed 

between researcher and participant as the differential power relationship 

between trainer and trainee would have reduced the likelihood for the 

observed choosing to make any challenge to the accuracy of the observation 

record, and a conflict of interest between research and work as a teacher 

trainer would arise. However, as a suitable sample of recent past trainees 

and more experienced teachers could be selected for the case study, current 

students were only involved in piloting of research instruments.  

 

No diversity issues for participants were anticipated, but demographic data 

were recorded to investigate if any such areas might be a factor in teachers’ 

reasons for chosen strategies. It was possible that the culture of a particular 

school, or the ethnic diversity of pupils present was a factor determining 

choices made by teachers during lessons and this is considered within 

discussion and analysis. 
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3.9 Concluding points 

This chapter has reviewed theoretical underpinnings for the research design 

of this study into a specific group of science teachers. The methodological 

choices made in designing the data collection and how this was to 

subsequently be analysed have been justified. The two theoretical 

frameworks employed, relating to learning theory and school culture, which 

underpinned these choices determined the actual analysis that is covered in 

the next chapter.  

 

This case arises directly from the researcher’s own professional practice, and 

so enhances that practice and consequently that of future participants of 

teacher education programmes. The sample utilised was a professionally 

orientated convenience sample with regard to access to schools and 

teachers who agreed to participate. Once teachers have received their initial 

training they encounter many variables of experience and influence within 

their unique school contexts. This work consequently enhances knowledge 

and understanding of this transition as they experience professional 

development during the first few years of their careers. The recently 

introduced Early Career Framework (Department for Education, 2019) looks 

to offer a structured approach to new teacher progression that the 

professional understanding revealed here makes a clear contribution to for 

the teachers and schools involved directly with this study and more widely 

the wider partnership of schools involved with the researcher’s professional 

orbit. 
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This thesis presents the argument that researching this specific instance 

provides value on both a local scale and potentially resonates with a wider 

context. As has been discussed, the context of science and conceptual 

change is one of Harlen’s (2010) fundamental goals enabling pupils to 

achieve high levels of understanding and so positive performance in science 

examinations within a regional context where pupil performance is much 

poorer than the national picture (Fitzjohn, 2016). It offers the potential to both 

develop science teachers and improve secondary school science teaching in 

this context and beyond. Because the researcher understands well the 

secondary school sector under investigation, and the discipline of science, it 

provides a deep appreciation of the field and thus the ability to insightfully 

review shared experiences “and idioms of a shared language” (Le Gallais, 

2008, p.146) when interpreting the events encountered. “The closeness of 

the data gatherer to the research participants and subject matter provided the 

opportunity to develop an in-depth understanding (Roller & Lavrakas, 2015, 

p.5)” but this closeness was only achievable through use of this particular 

case study and the access provided by the researcher’s history with the 

participants. The in-depth understanding achieved through selection of this 

group of teachers offered the opportunity to develop new knowledge which 

could then be usefully communicated to a wider audience as a consequence 

of the position of the researcher within a national community of science 

educators as well as developing local practice for the schools and teachers 

involved. 
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This case study has been considered to be a specific instance that can 

usefully illustrate more general principles underpinning the learning decisions 

of teachers, through observation and scrutiny of their views and actions 

within a context of teaching for conceptual change, whilst taking care to 

maintain an appropriate consideration of the validity and reliability of research 

findings. The next chapter details the actual data obtained and analysis 

thereof against each of the research questions in turn.  
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Chapter 4. Data and Findings 
 

4.1 Introduction to the chapter 

This chapter considers the data collected against the three research 

questions in turn. Relevant sections of the pilot e-questionnaire, interviews 

and lesson observations are presented to identify outcomes produced and 

what interpretations could be put upon these. It also discusses issues 

emerging from the data, and one not anticipated at the outset but of 

relevance to a study of pupil learning in science classrooms. The chapter 

ends with a summary of outcomes and key findings from the research. 

 

The participants were introduced in chapter 3 section 2 where this case study 

into science teacher alumni of a university-based teacher training provider 

was outlined. The context underlying this investigation being teacher 

strategies adopted when intending to bring conceptual change for pupils and 

so the lessons described draw upon key concepts such as those identified as 

‘Big Ideas’ by Harlen (2010; 2015), an area important to ensure pupils make 

good progress in their scientific understanding. 

 
4.2 Research Question 1 – What teaching strategies 

are chosen by science teachers to bring about 

conceptual change in their pupils? 

The first research question considered the teaching strategies adopted by 

teachers in this study when constructing lessons to bring about the process 

of conceptual change. Data were obtained from the research instruments - 
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the e-questionnaire, interviews and also three specific lessons analysed in 

depth. The study contained the underlying assumption that teachers base 

their choice of pedagogy on a predetermined framework that they are able to 

articulate and that this is evident in observation of their teaching. 

 

4.2a Descriptions of teaching strategies 

During analysis of the pilot e-questionnaire data, it was quickly evident that 

only general descriptions of teaching strategies employed were generated, 

hence emphasising that the interviews and observations were required to 

provide rich data in this regard. To better achieve this, stimulus was provided 

through use of context with interviews and with observed lessons being 

carried out within each teacher’s own school and classroom environment.  

 

A preliminary interview with three trainee teachers, A, B and C, was initially 

set up to pilot the interview process. As this was not held within a school 

context, some further form of stimuli was considered helpful in encouraging 

rich descriptions of any approaches utilised. Hence a selection of scientific 

apparatus was made available for this purpose. The three sets chosen in this 

case were:  

• Candles, matches, jars and a stopwatch (factors influencing 
combustion) 

• Mass, string plus stopwatch (control of variables for a simple 
pendulum) 

• 100 marked centi-cubes (radioactive decay model) 
 

This preliminary interview showed a difference in the favoured types of 

teaching strategy described by individuals. For example, Male B showed a 

profile with a preference for social constructivist techniques, whereas females 
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A and C conversely demonstrated a greater likelihood of using behaviourist 

and constructivist strategies. 

 

Chart 2 Teaching strategies described by participants in preliminary 
interview. 
 

The preliminary interview therefore demonstrated that suitable depth could 

be provided and so could usefully be repeated with groups of teachers 

representing differing levels of experience. As supported by Cohen et al. the 

meanings and purposes described by those participating in this work were to 

“yield insight and understanding of their behaviour” (2007, p.22). 

 

During the main interviews, the nine teachers mentioned ten broadly different 

ideas of science common in the school curriculum and all featuring within the 

literature on big ideas (Harlen, 2010; 2015) and children’s ideas in science 

(Driver et al., 1985). These included the particle model of matter, chemical 

reactions, the cellular nature of living things, the effect of forces on the 

motion of objects, electricity and magnetism. The selection by interviewees to 

describe these areas illustrates that they were familiar to those interviewed 
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and provided a mutually recognised context to describe their choices of 

teaching strategy. 

 

Identification of teachers’ preferred teaching strategy was achieved through 

categorisation of lesson descriptions by learning theory, as below.  

 

Table 6: Frequency of individual teacher descriptions matching elements 
each learning theory. 

Interviewee Behaviourist Constructivist 
Social 

Constructivist 
Socio-

culturalist 

AA 5 4     

BB 1 6 4   

CC   4 6 1 

DD 1 2 6 2 

EE   3 3 1 

FF 6 2 1   

GG 5 3 2   

HH 1   6   

JJ   3     

 

A series of examples illustrating the process used to generate this follows:  

 

The behaviourist model  (see table 3 on page 37) includes “telling or 

repeating of information” and “students mimicking or repeating expected 

behaviours” (McGregor, 2011, p.4). Examples of both are evident in the 

following quotation, key elements highlighted with italics: 

Sometimes I could give them simple instructions to actually carry it 
out. It obviously depends on the children you’ve got, the ability 
you’ve got, how much time you’ve spent with that group to prepare 
them to be able to carry out research as well. I think you have to 
train—I’ve had to train my students how to plan an investigation. 
(Interview with teacher ‘AA’) 
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 A further element of behaviourist action is where teachers show “a lack of 

acknowledgement of cognitive processing” such as simple copy and fill in 

activities commonly used with lower ability pupils: 

Today with xxx we did electromagnets.  So for example we did a 
recap of what an electromagnet was (because we did that last 
lesson), we talked about it and I had an conclusion from their 
experiment on the board ready with some missing blanks which 
they had to fill in the missing blanks because they are a low ability 
class; they went away and did that. (Interview with teacher ‘FF’) 

 

Interviewee EE, when talking about a typical lesson plan, illustrates elements 

that relate to the constructivist model, something evident in all but one of the 

teachers’ descriptions. Here the teacher is expecting students to “figure out 

answers individually”, and then these “individuals think about the phenomena 

or observations made” (McGregor, 2011, p.4). It also nicely illustrates that 

this lesson description draws upon the context of conceptual change (floating 

and sinking, and how the size of the upthrust on an object determines how it 

responds): 

I try and keep it a bit quite open plan, like open ended, so rather 
than saying, teaching something and then getting pupils to do a 
practical to prove it, I get them to do a practical which will let them 
find it out. For example teaching forces, and upthrust, so we have 
done forces, we have done measuring forces so if I want to teach 
them about upthrust I will just explain the practical where they will 
measure the force with a newton meter of some masses and then 
they’ll put them in water and measure the force again and then by 
the end of the lesson they will work out what the water was doing 
and the fact that that’s another force and they can calculate it 
using the numbers that they have got, but I won't have told them 
what upthrust was, I won’t have told them what they were trying to 
find out at all. So I suppose that’s how I go about a lot of my 
practicals really. (Interview with teacher ‘EE’) 

 

The social constructivist model, as most frequently seen in descriptions 

overall (see table 6 above), involves the “teacher asking questions of groups 
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or collective”, the  “teacher encouraging students to share and discuss ideas 

in groups” and the “teacher expects learning to arise through interaction with 

others,” (McGregor, 2011, p.4) all three of which are evident in the example 

below: 

The other thing I do very often with Key Stage 3 is pair/share type 
activities where there’ll be a question and I do 30 seconds of 
silence where they’re thinking and then we share it as a group and 
share ideas which gives an opportunity then to identify potential 
misconceptions but also to bounce ideas from student to student 
as opposed to it being direct coming from me. (Interview with 
teacher ‘HH’) 

 

The final socio-culturalist model was rarely evident in descriptions with only 

three interviewees providing any form of description that could fit with this 

theory. The example below showing one element taken from a description of 

the teacher’s choices when grouping pupils relates to the element of the 

“teacher promoting collaborative learning through novice and expert working 

together” (McGregor, 2011, p.4): 

Oh yes, so the first seating plan will be alphabetical, but then when 
I get to know the pupils, probably before even the first half term I’ll 
group them, well I’ll do it differently throughout the year so one 
seating plan will be higher ability with higher ability, lower with 
lower, but then I’ll mix it up so we have lower and high ability 
working together and I’ll talk to the higher ability, especially if they 
are nice kids and I’ll say “I’m putting you there to help, and the 
best way to learn is by teaching somebody, so try and work with 
them, try and help them as much as you can”. So I’ll do it 
differently throughout the year. And with practical work I find it 
works. (Interview with teacher ‘EE’) 

 

A similar process was carried out for descriptions of lesson activities 

allocating these to one of the four theories of learning. It was shown that all 

but one interviewee chose to describe more than one learning activity and 
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then matched to the learning theory descriptions and were as recorded in 

table 6 above. 

 

The most common description was social constructivist in nature, with 28 

examples matching this from 78 identified examples. All but two teachers 

illustrated elements of this approach in their descriptions and for four of the 

teachers it was the most frequently evident approach. In such cases teachers 

showed an awareness of the impact their choices of grouping arrangement 

would have on the social environment of their classroom and so its impact on 

the learning of their pupils. 

 

Three teachers provided dominantly behaviourist descriptions of preferred 

approaches, two of which were working in the same school and two of these 

having originated from school-based teacher training routes (in this case the 

graduate teacher programme, GTP). All three of these teachers 

demonstrated an awareness of students’ alternate conceptions, and the need 

to plan teaching to take account of these, however descriptions which 

focused on simply ‘correcting’ these displayed an inadequate understanding 

of how firmly they are held by children. These teachers displayed a strong 

wish to control behaviour rather than strategise their teaching to promote 

learning. 

For example: 

INT: The pairs; how do you choose the pairs you use? 

FF: I tell them. 

INT: On what basis do you choose those pairs? 

FF: Their behaviour, and ability sometimes, mainly behaviour. 
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INT: Okay and so upon the basis of what you choose to do, 
where are the drivers that have brought you to make and 
feel this is the best way to do this? 

FF: I would go back to behaviour again; wanting good 
behaviour, I feel the pupils learn better when everyone 
has good behaviour. 

INT: But has that come from experience, has that come from 
advice from other people, has that come from…? 

FF: From watching other people when they have done things 
and perhaps I have thought I would like a bit more control 
over what they’re doing.  Sometimes through trying to do 
things different like group work when they have been in 
bigger groups and it just hasn’t worked as well for me as I 
haven’t felt I have been in control of the class, I felt they 
had gone off topic a little bit more.  I feel if I had reined it 
in and controlled a little bit better then they would have 
learned more. I also like to have discussions with them but 
I still feel like I have to control the discussions as well so 
by doing it in smaller groups and getting them round the 
front.  So it’s all about behaviour and control. 

(Interview with ‘FF’) 
 

Although the two most dominant descriptions for individual teachers were 

social constructivist and behaviourist, constructivist descriptions were almost 

as frequent as social constructivist when considered for the group as a 

whole, showing a high proportion of descriptions illustrating this form of 

learning activity. This is further illustrated in chart 3 below. 

 

Chart 3. Frequency of descriptions attributable to each learning theory. 
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4.2b Observed teaching strategies 

The three lessons observed were similar in several respects. They all 

involved pupils from the 11 to 14 age phase and contained both boys and 

girls. Interestingly, despite being delivered from teachers with a spread 

across the science disciplines, all three contained scientific concepts and 

ideas drawn from the physics curriculum. Two of these relate to the 

behaviour of substances arising from the structure of matter (solids and 

liquids and cooling curves) the other being the behaviour of light. Both these 

areas fit to those identified by Harlen (2010) as within the ten big ideas of 

science. The observed teachers had a free choice of content, so this could 

be coincidence, but it might perhaps indicate a greater confidence in 

delivering an observed lesson related to this field. Two lessons were one 

hour in length, the other two hours; this being the normal duration within each 

school. So that a representation of all phases of the lessons (start, main and 

plenary) was achieved the duration was not adjusted, but in these data below 

proportions of time spent in activities is compared via percentages rather 

than actual time. A summary overview of the lessons observed is presented 

in table 7.  

Table 7: Lesson observation overview data. 

Teacher participant code: BB CC EE 

Year group observed: year 7 year 7 year 8 

Topic: 
 

Solids/liquids/ 
gasses - particles 
new topic / intro 

Light: 
Reflection / 
Refraction  

Cooling curves 
 
 

No Pupils (m/f): 23 (7/13) 28 (15/13) 27 (15/12) 

Lesson duration (mins): 60 120 60 
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Each lesson included a number of learning activities that could be classified 

as matching the first three types of learning activity (Behaviourist, 

Constructivist and Social Constructivist), though the amount of each varied 

between teachers. However, no instances of Socio-cultural learning were 

recorded in any of the three lessons. Activities categorised as ‘Other’ indicate 

non-learning activity, such as social and off task interactions between pupils, 

mainly occurring at the start of lessons. This is illustrated below in table 8, 

and chart 4. 

Table 8. Comparison of learning activities observed for each teacher, given 
as a percentage of the lesson as a whole. 

Activity log % of 2 min 
occurrences BB  CC  EE  

Behaviourist 46.7% 25.4% 20.6% 

Constructivist 10% 37.3% 35.3% 

Social Constructivist 43.3% 33.9% 41.2% 

Socio-cultural 0 0 0 

Other 0 3.4% 2.9% 

Total 100% 100% 100% 

 

 

Chart 4: Comparison chart of learning activities observed for each teacher 
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As was the case with descriptions of activities provided during interviews, the 

observed teachers did not exclusively utilise activities reflecting any one 

learning theory, but instead their lessons illustrated regular use of three of the 

four types. Different teachers seem likely to have one more frequent type, but 

both the more experienced of these three teachers were comparatively likely 

to teach in a social constructivist manner, the less experienced favouring 

constructivist methods. However, BB, one of the more experienced, showed 

the greatest likelihood to alternate between behaviourist and social 

constructivist approaches, an area chosen by her to comment on in the post-

lesson discussion. Here she indicated that the initial behaviourist elements 

were in response to perceived external pressures to have pupils settle and 

copy a title and objectives into their books as the first part of every lesson. 

This occupied the first six minutes of the lesson, and so contributed to a 

lesson with proportionately more behaviourist learning activities than any 

other. Without this initial (externally driven) section this teacher would have 

instead delivered a lesson that utilised a majority of social constructivist 

activities. 

 

Examples of activity observed in the three lessons analysed, categorised 

against the learning theory framework are: 

Behaviourist: Early in a lesson, pupils were required to individually 
copying the lesson title and objectives into their books; To 
introduce the practical to come pupils sat silently watching and 
listening to a demonstration of the procedure.  
 
Constructivist: Pupils individually were asked to think about and 
then write down a pattern they could see in their results; Pupils 
individually answered questions from a textbook. 
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Social Constructivist: Pupils in mixed gender groups, based on a 
central seating plan collaboratively followed instructions to carry 
out a practical; Pupils answered questions on the laws of reflection 
collaboratively in self-selected peer groups. 
 

Although no socio-culturalist examples were observed, in post-observation 

discussions the possibility of creating mixed ability pairings to stimulate 

dialogic exchanges were suggested. Such an example would have been 

categorised as matching this learning theory had it been observed. 

 

An element emerging through the structured observation format was a 

common thread in the sequence of each lesson observed. This can be seen 

in the detail contained in the one sample lesson observation matrix (appendix 

10) but was also shown in both other lessons. 

 

In all three cases teachers began and ended lessons in a behaviourist 

manner, with pupils sat passively listening to the teacher. Constructivist 

activities being second such as through individual written work, and 

interactive social constructivist opportunities next. Lessons ended with a 

consolidation phase where pupils sat again listening to the teacher, so 

reverting to behaviourist methods. It was practical and enquiry activities, such 

as the cooling curve investigation used by ‘EE’, that primarily offered the 

opportunity for teachers to facilitate social constructivist activities and these 

were mainly located in the middle or latter half of lessons. This is illustrated in 

chart 5, which illustrates the variation in learning strategy for each teacher 

over the course of a 60-minute lesson (note: as indicated earlier, one lesson 
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was 120 minutes in duration, so in that case data has been compressed to 

represent how it compares with lessons of shorter duration). 

 

The model of three part lessons, promoted heavily in the national strategy 

(Department for Education, 2002) was still evident in the lesson structures 

observed, but as this shows the initial and final sections – often categorised 

as a starter and plenary, were more likely to utilise behaviourist strategies. 
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Chart 5: Learning activity variations over the course of a 60-minute lesson, showing data from all three observations. 
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4.2c Teaching strategies chosen 

Teachers in this study were seen to employ a range of strategies within their 

teaching, and these can be classified related to the four theories of learning 

as described in the learning theory lens adopted for this study. All but one of 

the nine teachers interviewed described examples linked to more than one 

learning theory, and all teachers observed also demonstrated this. However, 

despite the most common strategies described being constructivist and social 

constructivist in nature, there were still a large number of behaviourist 

descriptions. Table 6 illustrated the spread of these descriptions across the 

teachers interviewed, 55 being constructivist and social constructivist, 19 

behaviourist. None of the teachers observed overtly utilised any form of 

socio-cultural learning, and very few of the larger pool of teachers 

interviewed described any such activity with only four mentioned in 78 

examples. There were evident variations in dominant strategy for different 

teachers and in different contexts. 

 

This is supported by evidence in similar research (McGregor, 2011), which 

found new science (and maths) teachers to be commonly constructivist in 

teaching approach, more so than English teachers. The teachers interviewed 

in this sample routinely described the need for a hands-on, concrete, 

discovery approach linked to children’s everyday experience. However, the 

observed lessons show this only happens for some of the time, with the initial 

and final parts of lessons much more concerned with behaviourist activities to 

achieve pupil control through repetition of transmitted information. 
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The lack of examples of socio-cultural learning opportunities compared with 

all the other learning strategies in both interview descriptions and observed 

lessons suggests reasons for this, either arising from the way teachers 

regard such activities or as a consequence of factors controlling teacher 

choice as considered in research question 3. Interestingly of the three 

interviewed teachers who did describe socio-cultural activities, two were also 

present in the sample observed actually teaching (teachers CC and EE), and 

yet they did not utilise such activities when observed. This reinforces the 

suggestion that teachers rarely make use of this strategy, reasons for which 

being an area meriting further investigation. One discussion following an 

observation did though reveal that opportunities to work in this way were 

often not recognised by the teachers, but when the research tools caused 

teachers to consider them they were interested to explore this further.  

When she was shown the recording template and notes, she was 
able to identify the good parts of her lessons as well as how it 
could be improved for herself. For instance the opportunity to 
increase the amount of socio-cultural paired activity was 
immediately noticed by BB and discussed. (Post-Lesson 
observation discussion – teacher ‘BB’) 

 

The range of learning strategies employed by teachers has best been 

illustrated when the sequence of these within a lesson is considered. As 

illustrated in chart 5 (section 4.2b above) most social constructivist episodes 

occur in the main stages of lessons, and starters and plenaries are 

conducted using behaviourist approaches. Although a distinct arrangement of 

activities in science lessons has long been encouraged, even since before 

the national strategy (Department for Education, 2002), a three-part lesson 

structure would look to develop good engagement from the start. This is 
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reinforced in the current teachers’ standards where teachers throughout 

lessons are expected to “foster and maintain pupils’ interest in the subject” 

(Department for Education, 2011), which arguably is at odds with using 

passive, behaviourist techniques at such a key point in a lesson. Indeed the 

ends of lessons, which could usefully be used to encourage metacognition in 

pupils through reflective plenary activities, are again in conflict with evidence 

of passive ‘transmissionist’ methods. 

 

4.3 Research Question 2 – In what ways are chosen 

teaching strategies different between newly 

qualified and more experienced teachers? 

Having considered the strategies used by science teachers in this study it 

was possible to consider the ways in which these differ between newly 

qualified and experienced teachers. The preceding section has shown that a 

range of strategies were employed by the teachers within each lesson so it is 

possible to investigate any differences in their distribution as teacher 

experience increases. As indicated in table 4 (section 3.4) evidence for this 

was collected from all the research instruments.  

 

Responses to the pilot questionnaire indicated that constructivist approaches 

were largest in number for both new teachers (in their first three years of 

teaching), and more experienced (those teaching more than 3 years); but 

that more experienced staff describe slightly more social constructivist and 

socio-cultural examples. Although it might have been the case that these 

teachers are just better at providing a response that illustrates such 
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behaviour rather than having this in place in their actual practice, it was also 

suggested in the observations of actual practice and subsequent examination 

of motivating factors. 

 

The largest sample of teachers describing the strategies chosen was 

provided by the pilot questionnaire through free text response to question 17. 

This question being specific to the context of children’s understanding of 

science ideas in asking teachers to describe the main strategies they use to 

resolve pupils alternate conceptions. Responses are illustrated in table 9. 

 

Table 9: Frequency table for coded responses to pilot questionnaire Q17  

(‘stated strategies for resolving alternate conceptions’) 

Teaching 
exp. 
(yrs) behaviourist constructivist 

social-
constructivist 

socio-
culturalist 

Total 
no. 

0 to 1 5 8 3 1 17 

1 to 2 3 4 1 0 8 

2 to 3 2 3 1 0 6 

3 to 4 1 5 2 0 8 

4 to 5 3 2 1 1 7 

5 to 6 0 0 2 1 3 

6 to 7 2 5 1 0 8 

7 to 8 0 0 1 0 1 

 

This indicates a preference for a type of strategy, but not dominance. As 

might be expected there were a mixture of styles within any amount of 

teaching experience, so because the number of respondents was not 

consistent across the years of experience these have been further grouped 

as below to show the responses for those teaching less or more than three 
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years. This then produces samples of similar size (31 to 27) and so allows 

comparison. 

 

Chart 6 Responses in pilot questionnaire Q17 (frequency of strategy used 
against teaching experience) grouped by those teaching more or less than 
three years. 
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showed a general increase in the use of strategies that promote social 

constructivism as teachers develop in experience.  

 

As part of the interview, following descriptions of activities, the teachers were 

asked to reflect upon if, and in what way, their approach to teaching had 

changed during the period since they had qualified as a teacher and detail 

key influences on their choice of learning strategy. They were asked to 

consider the people who had influenced their choices, the circumstances that 

influence their choice, and if they perceived any factors constraining their 

ability to choose what they believed to be the most effective strategy.  

 

Three of the interviewees considered that they had not changed their 

teaching strategies since qualification, though one of these was only in their 

first year of teaching. However, six interviewees were able to articulate ways 

in which they had developed.  The most common change, as identified by 

three interviewees, was to become more pupil-centred or, following the 

learning theory framework, they identified themselves as becoming less 

behaviourist.  This was expressed in terms of flexibility and not strictly 

following a lesson plan so to meet pupil needs. 

 

A developing capability and confidence with subject knowledge was also 

identified as a change over time. As confidence of a teacher increases, both 

in terms of the mechanics of lesson timing and curriculum, then opportunity 

apparently opens to better facilitate pupil focused, constructivist strategies:  

“I worry less about trying to pack things in and I pay more attention 
now to fitting less stuff—I put less stuff in a lesson but I try and 
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teach the kids a concept two or three ways in one lesson, because 
I’ve found that that’s what the students need” (Interview with ‘DD’). 
 

This personal view of how individuals believe they have changed with 

experience was though in contrast with the evidence extracted from what 

they expressed as preferred teaching strategy when compared to teachers 

who have taught for longer. As seen in table 10 below behaviourist strategies 

were (for this sample) increasingly evident as teachers progress in 

experience, when judged by the dominant strategy evident in each teacher’s 

description. 

Table 10. Dominant expressed teaching approach compared to teaching 
experience from teacher interviews. 

Years 
qualified Dominant approach: 

1 Social Constructivist 

1 Constructivist 

2 Social Constructivist 

2 Behaviourist 

3 Social Constructivist 

5 Behaviourist 

5 Constructivist 

5 Social Constructivist 

5 Behaviourist 

 

During the individual interviews discussed above, although a range of 

preferred approaches were again illustrated, in the context of more in-depth 

questioning, teachers with greater experience were then shown to be slightly 

more likely to describe behaviourist approaches.  
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Closer inspection of whole lessons provided by observation had given a 

picture of the cycle of approaches within lessons, but as a consequence of 

the small number undertaken, the impact of experience was less clear than 

would be required to come to a persuasive conclusion. One of the teachers 

observed, however, may have illustrated an explanation contradictory to 

evidence from the other research instruments. This being that teacher BB 

(with five years’ experience) favoured two approaches, behaviourist and 

social constructivist. This reinforced the suggestion that, with experience, 

teachers use controlling, passive (behaviourist) tasks to manage pupils 

during transitional points in lessons, but when focussing on developing pupil 

ideas they have the confidence to facilitate a social constructivist 

atmosphere, an element further evidenced when influences on practice were 

considered under research question 3. This does then support teachers’ 

interview comments, which describe their practice as changing over time, to 

become more pupil-centred as they become more confident with subject 

specific pedagogy. 

 

4.4 Research Question 3 – What factors influence 

newly qualified and more experienced science 

teachers’ choice of teaching strategy? 

The pilot questionnaire and preliminary interview both provided useful initial 

evidence related to this third research question – which addressed the driving 

factors for teachers’ choice of teaching strategy. Analysis of these then 

framed areas for investigation during the interview and observation elements. 



 145 

The data from question 9 of the pilot questionnaire, shown in chart 7 below, 

began this process: 

 

Chart 7 Responses to pilot questionnaire Q9 Main factors influencing choice 
of teaching strategy. 
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teach and how they actually do: “The way I think you should teach is more 

influenced by university… but the way I actually teach in school is influenced 

by the school” (female C, preliminary interview). 

 

This can be taken further in looking at responses to the pilot question 7 (the 

people most influencing teachers’ main choice of teaching strategy). Here we 

start to see the major influence of subject leaders in science departments, 

and other colleagues: 

 
Chart 8 responses to Q7 for the pilot questionnaire (people most influencing 

teachers' main choice of teaching strategy). 
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I think a lot of it is dictated by senior management… ‘we are going 
to be wandering around the school and walking into your lesson 
and if it is not there and you’re not doing this when we come in 
then you are going to get into trouble’ (female C, preliminary 
interview). 

 

Despite this decrease in ITT tutor influence, the chart still shows when 

analysed by teaching experience, that even after five years of teaching both 

ITT mentors and UBTs are still rated as equally influential to the head 

teachers in particular schools indicating a reduced but lasting impact on 

teacher practice. 

 

Chart 9 comparing the people most influential at the start of a career to those 
when experienced (after 5 or more years of teaching). 
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Time, if you are more structured you can fit more in. If you have 
only got a short amount of time, letting them go free….you’re not 
sure what is going to happen and how long it is going to take 
(female C, preliminary interview). 

 

Additionally these approaches were also preferred with younger pupils: “with 

Year 7, say, they need a lot more guidance …. rather than your Year 10 and 

11 students” (female A, preliminary interview). Furthermore the new teachers 

interviewed indicated that ‘ability’ was a considering factor when selecting a 

teaching strategy: 

I think maybe with low ability there may be more structure 
especially if they have got more specific literacy and numeracy 
difficulties, maybe giving them a table with headings and things 
rather than a blank page … a bit more support (female C, 
preliminary interview). 

 

Here a somewhat less flexible and hence more behaviourist approach is 

implied as being adopted for such pupils. This reveals a potential area of 

concern, as surely the most effective teaching should be available to all 

pupils not just the more able. Perhaps of greatest note was an indication that 

the physical environment influences new teachers perceived teaching 

methods: 

The classroom environment that you are in… I don’t know 
why…just my persona changes, I feel.  If you like the environment 
you are in .. you are ..(positive gesticulation) but if you don’t then 
you are like … (strict gesticulation) (female A, preliminary 
interview). 
 

This leads then to consideration of some teaching factors specific to science. 
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4.4a Opportunities for practical work 

Teacher comments revealing science specific factors that impact on the 

choice of learning activity were mainly of three types: laboratory availability – 

some groups were often timetabled to classrooms for sessions and so 

teachers modified activities as a consequence; apparatus availability – 

changing how pupils were grouped for an activity; and teacher confidence in 

the subject matter - when working outside of their main specialism such as 

was the case for one example observed (a physics topic) the teacher 

indicated they were most likely to just follow the activities suggested in a 

published scheme of work rather than devise her own. 

 

From a science teaching perspective, and key to conceptual change, 

practical facilities and apparatus are highly important aspects of pedagogy 

(Holman, 2017), but also aspects usually outside the influence of teachers 

when undertaking their day-to-day planning. With many new schools recently 

being built with insufficient laboratories for the science lessons timetabled at 

any one time (SCORE, 2013) this is a key issue. Evidence for this emerged 

from interviewee comments such as:  

When I first started in this school I was really annoyed that the 
desks weren’t movable, because I used to love putting the desks 
in groups in my last school. But then I got around it by saying well 
people can sit around the edge of a desk, that's fine, but then 
when you want to act out particle arrangements and it’s raining 
you are confined for space, so I put them in smaller groups around 
the room and that’s annoying.  (Interview with ‘EE’) 

 

There are not enough labs for the number of scientists we have; 
we have two rooms in another building but they are just 
classrooms and we can’t even take demos in there as there isn’t 
any running water and that hinders it and leads to room swaps. 
(Interview with ‘GG’) 
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Whilst the teachers in this study considered availability of suitable apparatus, 

and availability of appropriate laboratory accommodation to both be outside 

their day-to-day control, they are significant in how teachers structure their 

pupils’ learning. As previously described - two major theorists, Piaget (1972) 

and Vygotsky (1978) took the view that learners construct their own 

knowledge out of their prior knowledge and experiences, and this learning is 

a process involving an interaction between new and existing conceptions. As 

accepted scientific explanations are often at odds with our everyday 

experience of the world, science teaching involves a process of proving 

things to pupils through experiments and evidence (Sutton, 1996). This 

means pupils need opportunities to discuss and test out these new ideas in a 

practical context (Ross et al., 2015). Consequently this constraint is 

significant in preventing teachers from using the teaching strategies that best 

facilitate conceptual change for their pupils. 

 

4.4b Specific people and organisations 

Within this study, three groups of people and one organisation (Ofsted) were 

identified as providing a notable influence on interviewees’ choices of 

pedagogy. The people were in order: university tutors during initial teacher 

training, mentioned by six from nine teachers; heads of department, 

mentioned by three; and departmental colleagues, mentioned by two.  

 

The first of these is an important factor as the current trajectory for teacher 

training is moving more and more towards a school-based model, reducing 

considerably the impact of teacher educators on new teachers’ development. 
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Not only do we see the majority of interviewed teachers choose to mention 

their university tutor during their training year as the most influential single 

person on their choice of teaching strategy, but this was still evident for those 

who had been teaching the longest (5 years) and mirrored findings in the 

larger pilot sample, which showed these people to be major influences on 

practice. It was also the case that teachers who trained under school-based 

routes (in this case GTP) were most likely to describe their preferred teaching 

strategy in a behaviourist manner, whereas PGCE students primarily 

described social constructivist strategies. School-based routes typically have 

less input about educational theory and consequently more exposure to in-

school cultures. This indicates that encounters with educational academics 

have a lasting impact on both teachers’ awareness of effective practice and 

subsequently the learning opportunities available to their pupils. 

Two comments illustrating this are: 

Definitely form the point of view of the training I received when I 
did my GTP that was really useful was from the tutors of the 
university which was useful hearing how other teachers who are 
experienced tackle things and there was a big emphasis on ways 
of being able to model or visualize or make things concrete, so 
that was good and without that it would have been quite difficult 
because it gave me a lot of ideas. (Interview with ‘HH’) 

And 

What I have seen at university during my PGCE in terms of 
creating a conversation about learning and talking about Science 
through watching a demo, or looking at a concept and seeking it 
out for yourself what is going on rather than being told straight 
away. (Interview with ‘CC’) 

 

Heads of department were also regarded to both be influential and play a 

mediating role between school managers and classroom teachers for those 

interviewed but not themselves in that role. “It would have to be my head of 
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department. He definitely influences the way that I, the way that we teach as 

a department” (Interview with ‘BB’) and “we have a very strong Head of 

Department and she wouldn’t allow interference at that level” (Interview with 

‘CC’). 

 

The external organisation frequently cited in interviews as influencing 

teaching choice was Ofsted. This is evidently an overall pressure, even 

though there was rarely any more specific reference made to how it actually 

modified a teacher’s choice of pedagogy, but it did again arise when 

discussed under school culture where managers used warnings of 

inspections as a strategy to gain compliance.  

BB: I think the pressures that are on the school to achieve. And 
the objectives that school has to achieve, certainly reflects 
down too. 

INT: The pressures, where do those pressures come from? 

BB: The previous Ofsted. 

(Interview with ‘BB’) 

 

4.4c School culture 

The final section of each interview presented interviewees with a set of five 

stimulus images representing Hargreaves’ (1994) models for school culture, 

as adapted from figure 1 presented in chapter 2 of this thesis, to allow each 

interviewee a mechanism to describe their perception of both whole school 

and science departmental structures. Image 1 below illustrates an example of 

these in use, with the model most representative of the school culture being 

on the left hand side of the image. 
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Image 1. Photograph showing a sample interviewee response to what they 
perceived to be the dominant model of school culture in their context (most 
dominant to least dominant shown left to right). 
 
As the interviewees were drawn from six schools, which varied quite 

considerably in size, the largest of these gave the researcher opportunity to 

interview several teachers within one context, an overview of schools being 

given in table 11 below. This added an opportunity for an additional layer of 

comparison as any commonality between descriptions or constraining 

factors, such as school size or breakdown of teacher specialisms, could then 

be investigated. This spread of specialist teachers within the science 

departments investigated shows the common challenge for schools in 

England of employing a balance of teachers from biology, chemistry and 

physics disciplines. In all cases investigated, physics teachers were a 

minority in departments with two schools having no specialist physics teacher 

at all. It is likely that each separate science discipline embodies differing 

preferences in teaching approach, as previous research has shown is the 

case for teachers of English compared with mathematics and science 

(McGregor, 2011), so those promoted by biological scientists are likely to be 

the most dominant in this research. All schools represented here are now 
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academies (the Local Education Authority (LEA) examples having undergone 

academisation shortly after interviews were completed) and this affects 

structures and cultures differently in certain contexts. Academies are state-

maintained but independently-run schools in England set up following 

government policy from the year 2000 onwards. For example the sponsored 

academy involved is part of an independently run chain of schools, which 

expresses a key aim to promote a strong and distinctive ethos, hence 

possibly producing a greater effect on the school culture. The academy 

converter was in the process of conversion from LEA to self-designated 

academy status. 

 

Table 11: Overview of schools represented during interviews. 
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AA 11 to 18 850 
Voluntary Aided Faith Academy 
(RC) 7 

no physics 
teachers 

BB 11 to 18 426 LEA 3 1,1,1 

CC 11 to 18 1100 Sponsored academy 7  3,2,2 

DD 11 to 18 650 LEA sports college 6 

all teach 
science, no 
physics 

EE 11 to 18 1450 Academy - science specialist 14 6,5,3 

FF 11 to 18 1450 Academy - science specialist 14 6,5,3 

GG 11 to 18 1450 Academy - science specialist 14 6,5,3 

HH 11 to 18 1100 Academy converter mainstream 12 3,6,3 

JJ 11 to 18 1100 Academy converter mainstream 12 3,6,3 
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The pilot questionnaire and subsequent interview responses suggested that 

school culture is a key factor determining the way science teachers operate. 

It indicated that science departments are highly collegial internally but this 

either creates, or is a consequence of, a balkanized atmosphere between 

different subject areas within a school. There is therefore little cross group 

working other than that which is imposed by managers in an attempt for 

collegiality, which becomes contrived in the view of the teachers involved. 

This state of affairs, evident across the sample of schools and teachers here 

considered, offers good support networks on a day-to-day basis between 

subject colleagues, but hinders school-wide change, and cross-team sharing 

of good practice. It can even perpetuate some practices, for example 

teachers EE, FF and GG all from the same school (the largest) described the 

majority of behaviourist learning practices offered within interviews (see table 

6), suggesting a concentration and reinforcement of practice in that context. 

Furthermore, as stated by one teacher “I want to reiterate the pressure from 

outside; from leadership, does stifle the way I teach - in fact I would like to 

branch out on certain ideas that the pupils have… I am confined by what 

leadership let me do” (interview with teacher ‘JJ’). 

 

A key mechanism used by school managers in achieving the behaviours 

expected from staff was the threat of potential consequences during school 

inspection. Expectations of Ofsted, one of the three groups of people stated 

above to be influencing choice of teaching strategy, were highly evident as a 

factor determining all aspects of decisions, though rarely were teachers able 

to specify in what manner this determined their individual choice of 
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pedagogy. The key way in which this influenced practice was quite indirect 

with managers routinely using warnings of Ofsted requirements to generate a 

cultural climate of fear and compliance “I mean this is very much—very much 

here it’s Ofsted, Ofsted, Ofsted” (Interview with ‘AA’). 

 

During interviews teachers always initially described themselves as free to 

choose their own teaching methods, but then in all but one case, followed 

this up with an “except for” description illustrating some form of constraint. 

For two-thirds of them this was an expectation imposed centrally across all 

school staff, such as a seating policy, examination or target expectations, or 

a literacy policy requiring specific reading or writing elements within a lesson. 

The three examples of constraint described as originating within the science 

department were in all cases related to following the teaching strategies 

detailed within the departmental scheme of work. 

 

One conversely made the interesting observation that there was no factor 

affecting their choice of teaching strategy as for them as they perceived all 

their lessons followed the same structure, even though they had previously 

mentioned two school wide constraints on pedagogical structure, these being 

literacy requirements and a seating policy. Many interviews offered a rich 

insight into the cultural factors that influenced their choice of strategy. For 

example, one interviewee from the preliminary group described a wish to 

teach in a more social-constructivist manner but identified constraints, 

including personal confidence and the ability of pupils, plus notably the 

prevailing philosophy of the school and department by saying:  
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Because you are part of that department, going against the norm 
when you are training is not wise … It is not only that, it’s not just 
the department, it’s the school as a whole, from the top down 
senior leadership dictates to the department and therefore the 
department you are in works the same throughout and therefore 
you adopt these habits (female A, preliminary interview). 

 

Also as indicated by female C: “On the whole I had mapped out what every 

lesson should be through the scheme of work” (preliminary interview). 

 

Interviewee descriptions of culture differed between that experienced across 

the whole school and that within their department. In schools where more 

than one science teacher was interviewed there was a consensus about both 

school and departmental culture, validating the choice to include several 

teachers from some school settings. For example all three of the teachers 

from one school selected the same pair of models (from those described in 

section 2.5 originating from Hargreaves (1994, p.238)) – balkanization within 

the school as a whole and collaborative culture within their department. This 

strongly suggests that these two models evidently represent well the situation 

in these contexts, and a common influence on teaching choices.  

 

Although not all were able to assign a culture model to their department, of 

those that did, five from six teachers found the model of collaborative culture 

the most aligned to that in their science team - “As a Science department we 

definitely do share ideas” (‘FF’). This also shows both trust and a sharing out 

of both challenging and rewarding classes as illustrated by the example from 

the following interviewee: 

 Teachers label themselves by the group they belong to – we have 
got that in departments. The physics head is really good at sharing 
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the groups. So I know next year I am going to have triple set three 
because I had set two this year and set one the year before. 
(Interview with ‘EE’) 

 

This mirrors the findings of Wise and Bush (1999) who also found a very 

strong emphasis on collegiality in teachers’ discussion of their departments’ 

culture and practice. Likewise in their review of middle leaders in schools 

Bennett et al. (2003) found departments to be cohesive, with members 

meeting frequently formally and informally. But importantly they found 

discussion focused around content of teaching, not teacher development, 

teaching strategies, or problems in the classroom. 

 

School wide culture was however perceived quite differently with all 

interviewees selecting one of only two models. These were quite evenly split 

with five selecting balkanization and four opting for contrived congeniality. 

Balkanization represents a perception of defined teacher groupings by 

subject area, little cross group interaction and notably a feeling that some 

subject groups were seen to have higher status and be rewarded more than 

others.  These characteristics were endorsed in comments such as: 

As a whole school I would say it’s definitely true teachers work in 
groups as in maths and science teachers and there’s not much 
crossover between them; it’s not very often we get together and 
exchange ideas. (Interview with ‘FF’) 

And: 

I think science at this school is undervalued to be honest because 
I think with the changes to the curriculum we seem to have taken a 
back burner whereas English and maths are being given 
everything as opposed to us. (Interview with ‘JJ’) 
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Schools perceived to demonstrate contrived congeniality are characterised 

by imposition of group working which produces only the outcomes expected 

by the school leaders as illustrated by: 

It is mainly this one that got me I think - The outcomes are those 
that are expected by the management. (Interview with ‘BB’) 
 
I think there is a top down approach and I think although 
sometimes ideas or opinions are asked, they’re not necessarily 
asked for the right reasons. (Interview with ‘HH’) 

 

Management influence, perceived as an external pressure within the 

contrived collegiality model, resonated with both aspects of team working, 

and more importantly for the focus of this research in hindering teachers from 

operating in a constructivist or social constructivist manner. One interviewee 

expressed this clearly “I like this idea of the piston type thing with leadership 

coming down and forcing collaboration” (Interview with ‘JJ’). 

 

4.4d Opportunity for professional dialogue 

As a mechanism to further unpack events seen within lesson observations, 

post-lesson discussions were undertaken immediately following these. These 

were positively received by the participants, who considered them as a useful 

opportunity for professional development. Much of the latter part of these 

post-lesson discussions centred around challenges of scientific procedure 

involved in the activities undertaken, the value of an activity for pupils even if 

the results obtained were erroneous and what further misunderstandings 

could arise from this. The amount of time spent in this part of the discussion 

indicated how teaching professionals value, but do not often get, opportunity 

to engage in professional dialogue with a peer that has a shared 



 160 

understanding of the content and subject matter. Observed teachers 

reinforced the value of professional conversations about their teaching, 

without judgement about performance: “You get a lot less input the further 

through your teaching career you go in terms of what you are doing” (Post-

Lesson observation discussion – teacher ‘CC’). Also this process was 

apparently different from any other school-based observation that had been 

experienced. Such school regimes were indicated to be about teacher 

monitoring and measuring what was referred to as ‘pupil progress’: 

Oh yeah. It is still very much graded. And for me I still look at the 
numbers before I think about the constructive feedback, and things 
like that. It is all about ‘have the kids made progress?’ (Post-
Lesson observation discussion – teacher ‘CC’). 

 

However, when pushed about what school observers were looking for to 

measure this progress, it emerged that only secondary methods are utilised: 

Oh, they look in your exercise books. So marking is obviously a 
big thing. And this R and R policy that we have got, review and 
reflect, so are you marking? Are the kids reading your marking and 
responding? Is there a dialogue of learning to make sure the kids 
progress? (Post-Lesson observation discussion – teacher ‘CC’). 

 

For quite a period since 2000, Ofsted promoted the grading of lessons as a 

mechanism for judging schools’ wider effectiveness. Whilst since 2016 this is 

(arguably) no longer the case “when inspectors carry out observations in 

lessons, they should not grade the quality of teaching” (Ofsted, 2016, p.16), 

with Ofsted explicitly not making individual judgments about teaching through 

observations, there is a legacy in teachers’ minds that this is the case, as 

evident in the comment by CC above, and as overall school effectiveness 

comments do still make statements about the standard of teaching seen. As 

a consequence of the shifting relationships between the state and 
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professionals and the increasing importance of ‘management’ in a 

marketised system “ teachers are inclined to regard observation more as a 

system of surveillance and control (e.g. Ofsted inspections) than as a means 

of supporting professional development” (Metcalfe, 1999, p.449), and this 

seems evident in observed teacher’s comments. 

 

Quite worryingly for a teacher only in their second year, little of the feedback 

they receive is subject specific: 

You don’t very often get subject specific feedback, because if it is 
senior leadership, they are probably not your subject. And that 
throws up a lot of issues for people because, in science you get 
challenged a lot on things that you do, that you do because it is 
science (Post-Lesson observation discussion – teacher ‘CC’). 

 

This teacher, as with the others, had a desire to engage in reflection on the 

actual scientific ideas covered, perhaps because of a shared understanding 

of the material as a consequence of their pre-existing relationship with the 

observer. It then became a substantial part (25% +) of the post-lesson 

discussion. This again could reflect desire to have such dialogue with a 

knowledgeable peer, and a lack of it in the teacher’s day-to-day activity. 

Feedback can be considered the most important stage of the 
observation process as it is the feedback that is meant to have the 
most tangible impact on future development (O'Leary, 2014, p.83). 

 

Two of the discussions also began with an initial apology from the teacher 

regarding how the lesson had been, either looking for validation from the 

observer or to suggest that the lesson had not been as successful as they 

had wished. The researcher’s post-lesson observation discussion notes show 

this for participant BB: 
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Her perception of the lesson was that it was quite poor even 
though it was within the bounds of a normal good science lesson. 
However, because of her relationship with me she wanted to 
perform in an outstanding manner. (Post-Lesson observation 
discussion – teacher ‘BB’). 

 

4.4e Pupil seating and grouping arrangements 

During interviews, 6 from 9 teachers indicated that pupil behaviour is a 

primary feature determining learning strategies chosen within science 

lessons (see appendix 9 data tables part 2). This leads teachers to utilise 

approaches that they recognise may not facilitate the most effective 

conceptual development in children but maximise order and compliance with 

normal classroom routines. Furthermore, school management strategies, 

aimed at imposing order and structure in a uniform way across a school, are 

having a similar effect. This means that, at least in the context of science, the 

first stage of lessons involves passive behaviourist activities such as copying 

of text and presentation of knowledge by the teacher. The school-wide 

policies with the same purpose have also become a universal in-lesson 

constraint on teacher pedagogy, as was seen in all lessons observed in the 

form of externally required, and monitored, boy-girl seating arrangements in 

classrooms. The culture of this has become so ingrained, for at least in the 

staff investigated here, that they do not initially recognise it to be a constraint 

on how they manage pupil interactions to best learning effect in their 

classrooms. Teachers complied with such expectations, largely as a 

consequence of school monitoring procedures in place, accepting it but being 

unable to offer any rationalisation or support for such a policy. In some 

cases, they were shown to actively use mechanisms to circumvent it during 

main, practical, activities in lessons. The reasoning for the dominance of 
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such policies, and their impact on teacher choices therefore merit separate 

consideration. 

 

Whole school seating policies run counter to the autonomy of teachers in 

setting up learning communities based upon individual pupil conceptual 

development, and to facilitate effective pupil-to-pupil dialogue. Such 

arrangements have been shown (Blatchford et al., 2003, Wannarka & Ruhl, 

2008) to hamper teachers from facilitating the social construction of learning 

through group work and discussion. They are reinforced through the culture 

of schools where lack of compliance can be an overt criticism within teacher 

accountability frameworks. Teacher EE showed both these aspects, freedom 

of choice and school accountability frameworks, within one interesting 

exchange about freedom to choose personal pedagogy: “with things like 

literacy, marking policies we have to do certain things, but when it comes to 

how we teach things we are not”. Yet immediately after they go on to say: 

“the only negatives I have ever had on learning walks is ‘boy-girl seating plan 

not followed’” (Interview with ‘EE’). 

 

During observed lessons seating arrangements showed a clear impact of 

whole school, top-down imposed expectation. In all three cases this was a 

boy-girl arrangement, adopted by teachers for all lesson elements where 

children were seated, the justification from all three teachers being that it was 

a whole school policy. Notably though, as soon as group activities, typically 

practical work, were commenced the teachers then felt free to adopt a 

different approach which was in most cases a self-selected peer group of two 
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or three pupils often of one gender. “(Laughing) they are used to me letting 

them work with who they like during practicals” (Interview with ‘EE’). 

 

Although the influence of pupil seating and grouping arrangements was not 

anticipated in advance of data collection; this therefore stimulated review of 

the available literature on this area (chapter 2.6c), consideration of what 

might have been expected and what may have given rise to such an 

occurrence. 

 

The findings discussed in this chapter have shown two unexpected features 

evident in seating arrangements employed in the science classrooms 

investigated, i.e.. teacher-managed whole-class seating plans, arranged in 

alternate sex pairings as the default classroom arrangement, with a second 

arrangement mainly for practical activities based on small groups as peers, 

for all classrooms visited.  

 

The literature reviewed in chapter 2 considered the available arguments for 

whole-class seating plans and arrangement of pupils in alternate sex 

pairings. This revealed few examples in the specific context of science, very 

little related to the role that arrangements might play in learning, and most 

studies focusing on the impact of such arrangements on pupil behaviour. 

Indeed one of the key studies into what teachers hope to achieve from their 

pupil seating arrangements highlighted “the need for classroom control and 

maintenance of student attention as main factors in teachers’ approaches to 

classroom grouping” (Blatchford et al., 2001, p.10) and it is therefore 
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concluded that the schools represented in this research have this as their 

real motivation. 

 

Fortunately for the teachers interviewed and observed, scientific practical 

work was used as a mechanism to produce grouping arrangements that were 

chosen by teachers for their own pedagogic reasons. As these were mostly 

peer-selected groupings, these teachers were considering the inherent 

informal, but motivating, nature of such peer and friendship relations. These 

teachers recognise that “child-child relations involve more mutuality, and 

power (and in the classroom, thinking and learning) is more likely to be 

shared by equals” (Blatchford et al., 2003, p.8). 

 

The literature (chapter 2.6c) has shown that external imposition of a 

requirement for particular seating arrangements evident in the schools used 

for this research is then a mechanism that will impact on behaviour but has 

no justification in the context of learning scientific concepts “the grouping unit 

must therefore be strategically constructed in relation to working 

arrangements and learning purposes” (Baines et al., 2003, p.11). Teachers 

therefore need to be empowered to make their own choices as best suited to 

their intended pedagogy with outsiders only advising and assisting. 

“Teaching is highly personal and not easily or quickly modified by outside 

influences” (Atkin & Black, 2003, p.82). 
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4.5 Summary of outcomes from research questions 

and key findings 

This chapter has reviewed the data from the initial pilot questionnaire, the 

teacher interviews and lesson observations against the three research 

questions to identify what has been revealed and what interpretation can be 

put upon this evidence. The teaching strategies adopted by participants in 

this study when teaching for conceptual change in science lessons have 

been shown to correspond with the features described by McGregor (2011) 

illustrating elements of the four strategies arising from learning theory 

(behaviourist, constructivist, social constructivist and socio-culturalist). 

However, the last of these was only occasionally described in interviews and 

not observed in practice. A common sequence was observed during lessons 

with teachers beginning and ending lessons with pupils passive with longer 

periods of constructivist activities and social constructivist opportunities in the 

middle portion. 

 

Particular teachers seem likely to utilise one type of strategy more frequently, 

but in the context of this small case study more experienced teachers seem 

more likely to teach in a social constructivist manner, the less experienced 

favouring constructivist methods. It would also appear to be the case that 

experienced teachers are more likely to alternate between behaviourist and 

social constructivist approaches yet just describe the latter approach in 

interviews. The factors underlying teachers’ choice of teaching strategy were 

varied but included behaviour, examination requirements and resources 

particularly related to opportunity for practical work. However the most 
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evident yet unexpected factor was whole school pupil seating and grouping 

arrangements which clearly impacted significantly on teachers opportunity to 

make their own selection of teaching strategy even within this specific context 

of teaching for conceptual change. The next and final chapter provides 

overall conclusions, the implications of these and recommendations for the 

future. 
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Chapter 5. Conclusions, Implications for 

Practice, Recommendations and Future 

Research 

 

This thesis has described the purpose, methodology and findings of a case 

study into the practice of science teachers in one particular setting. More 

specifically, the pedagogy used by science teachers in schools in the 

University partnership when seeking to develop children’s understanding of 

‘big ideas’ and key concepts of science. The backdrop adopted for this work, 

that of teaching for conceptual change, is one where teachers encourage 

children to modify their fundamental ideas about the world around them. This 

process has been shown to be better supported by teaching strategies which 

offer opportunities for peer discussion and debate (Nadelson et al., 2018, 

p.164) rather than learning contexts related to skill development or 

knowledge recall. This therefore set up an important framework through 

which to interpret the findings. As has been discussed, there is consensus in 

existing research (Driver et al., 1994; Ross et al., 2015; Harlen, 2010; 

Nadelson, 2018) that “rather than expecting students to develop their ideas 

individually… it is more fruitful to encourage discussion and argumentation in 

which ideas are developed socially” (Harlen, 2010, p.45).  

 

The teachers involved had features in common, having undertaken their 

initial teacher training at the same university-based initial teacher training 

provider. They had however followed one of two different routes, the 
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traditional PGCE and the school-based graduate teacher programme. 

Importantly they also differed in having taught for between one and five years 

in several different schools. Talking to these teachers and observing their 

practice enabled their choice of pedagogy, and factors underlying this to be 

better understood. This final chapter summarises what conclusions can be 

drawn from this investigation and what recommendations can therefore be 

made for future professional practice. 

 

5.1 Key contribution to knowledge and its 

limitations 

As indicated in the introduction to this thesis one of the three fundamental 

goals of science education is to develop understanding of a set of ‘big ideas’ 

and scientific concepts (Harlen, 2010). Consequently, setting this work within 

this context ensured that it offered an important contribution to understanding 

of how to best achieve this goal. This thesis has been built on other people’s 

work in a rigorous, precise way. Its contribution emerges from adding to 

knowledge and understanding within the area of children’s learning. Through 

original application of ideas to the professional practice of the teachers in the 

unique circumstances of the schools associated with this study it adds new 

context specific evidence to the application of learning theory to lesson 

structure and compares this between the teachers and schools involved. It is 

important for the researcher, the schools, teachers and pupils touched by the 

professional context chosen but also the wider networks within which they 

operate. This study has demonstrated the importance of exposing new 

teachers and particularly those from school-based training routes to social 
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constructivist teaching strategies so to support them in adopting and retaining 

the most effective strategies shown in the literature and more evident in their 

experienced colleagues practice. It also offers a critique of the impact of 

centrally managed seating and grouping arrangements in the context of how 

they impact upon learning in this specific instance of conceptual change in 

science lessons. 

 

Whilst set in a specific context, this study still considers many generic 

aspects of science teaching. It sheds light onto aspects of practice hitherto 

largely untouched and compares and contrasts between them. It offers a 

glimpse at a diversity of teaching styles and considers the commonality of 

aspects thereof and whilst it does so for a narrowly defined group of 

practitioners it leads to an invitation to other science teacher educators to do 

likewise. It is suggested that teacher educators have an image of the type 

and style of teacher they are turning out, but what this work shows is that, 

despite such an image, their former students adopt a range of styles, both as 

a result of personal choice and due to mandates from their schools and 

departments. This consequently highlights the complexity of influences on 

teacher decision-making in how to deliver science lessons.  Why is this 

important?  Predominantly because it demonstrates how despite teacher 

preferences based on their training, the range of subsequent influences 

causes this to wax and wane over time due to the factors illustrated in this 

research. Consequently this provides an important contribution to knowledge. 
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This study has enabled the researcher to better understand teacher actions 

and motivation in this context. As a study of a specific instance, science 

teacher alumni of a university-based teacher training provider, and for 

participants with a pre-existing relationship with the researcher, the findings 

offered ways to develop teacher practice in that context. Consequently, 

potential exists to enhance the learning opportunities for pupils provided the 

researcher maintained a reflexive awareness of their position in this process. 

More widely for secondary science education and initial teacher education it 

has allowed recommendations for the professional development of science 

teachers to be made and disseminated (Taylor, 2018), plus tools for 

achieving this to be developed, so offering the potential to enhance the 

learning of children within science lessons. The tools are intended to develop 

teacher awareness of the pedagogic choices that maximise pupil learning 

and provide opportunity to examine personal and other teachers’ practices. 

 

The first research question considered the teaching strategies adopted by 

teachers when constructing lessons to bring about the process of conceptual 

change. It was evident that these teachers employed a range of strategies 

within their lessons, and these could be classified in relation to the four 

theories of learning. The most common strategies being constructivist and 

social constructivist in nature, though evidence for a large number of 

behaviourist descriptions was found. None of the teachers observed overtly 

utilised any form of socio-cultural learning, and very few of the teachers 

interviewed described any such activity. The social constructivist episodes 
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have been shown to occur in the main stages of lessons, with starters and 

plenaries being conducted using behaviourist approaches. 

 

The second part of this research was to consider the ways in which the 

strategies used differed between newly qualified and experienced teachers. 

Responses of teachers indicated that for all those in the study, constructivist 

strategies were most commonly used but how this changes with experience 

is complex. The more experienced teachers were shown to be better at 

describing social constructivist examples and they were likely to use passive 

(behaviourist) tasks to manage pupils during transitional points in lessons. 

The data did suggest though that when focussing on developing pupil ideas 

some of these more experienced teachers had the confidence to facilitate a 

social constructivist atmosphere. 

 

The final aspect of this study was to investigate the factors influencing 

teachers’ choice of strategy. These included examinations, pupil prior 

attainment and behaviour. Opportunity for practical work and teacher 

confidence with the subject matter were important features constraining staff 

willingness to teach in a social constructivist manner, areas significant for 

lessons looking to facilitate conceptual change and so clearly limiting pupil 

progress. Centrally imposed seating and grouping arrangements have been 

shown to be present across all schools in the study and these are clearly 

impacting upon the choices teachers make about their classroom pedagogy. 
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This work has limitations in the sense that classroom activity and pedagogy 

is complex and multifaceted. Science lessons often have more foci than just 

conceptual change and so a teacher’s choice of particular teaching strategy 

at a particular time in a lesson may be a response to a different learning 

objective. It is also the case that this learning theory lens requires 

interpretation for each task, and so does not reliably reflect all possible 

activities and motivations for these. However these limits do not detract from 

the value of the process for both participants and researcher and moreover 

offer the potential for further research and so deeper understanding. 

 

5.2 Discussion and conclusions 

At the outset, the researcher anticipated that a development might be seen in 

the range of pedagogic strategies applied by teachers as they gain 

experience. Through analysis of teachers’ descriptions of their practice, 

validated by observation of teachers in action and using McGregor’s (2011) 

framework based on learning theory, the researcher now better understands 

these teachers’ actions and motivations. In such research, within as complex 

a field as children’s learning, it has not been possible to produce definitive 

findings, but this study has enabled a better understanding of the issues 

raised in the research questions for science teachers in these schools. 

 

This study has explored science teaching, enhanced understanding and 

enabled suggestions about how the participant schools and teachers should 

operate to be made. It does not, however, nor was it intended to, provide 

definitive generalisable findings, but what suggestions are made do merit 
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careful consideration for the wider development of science teachers and 

schools. The research process itself has also made a useful contribution to 

the professional development of the science teachers involved in the study, 

through opportunity to review their choices of teaching strategy with a trusted 

subject specialist and so develop opportunities to better bring about 

conceptual change for their pupils. 

 

It has become evident that the learning theory lens is a useful mechanism for 

teachers to explore their classroom practice. This enabled the research 

subjects to be reflexive about their own practice as it was shown that at all 

stages in the data collection process the teachers involved stated that they 

had benefited from the reflection stimulated. Moreover, a key result of the 

observation and feedback process was that subject practitioners became 

more aware of their classroom practice, and so could explore this in a way 

that enabled them to further develop their existing knowledge and skills. The 

lens itself however has limitations in how reliably classroom activities can be 

classified into just four learning theories. With groups of pupils responding 

differently from individual to individual, and with teachers developing subtle 

differences from activity to activity, the lens can be argued to lose the 

nuances of specific contexts. However, as a reflective tool to illuminate 

teacher actions it has value in opening up classroom activities to scrutiny.  

 

As was the case where this approach was previously used, socio-cultural 

learning opportunities “where pedagogical approaches nurture the learners 

as apprentices learning together in mini-communities (in true collaboration) 
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and purposely arrange for expert and novice to help each other” (McGregor, 

2011, p.6), appear to be rare in science teachers’ practice. Three other 

learning approaches, behaviourist, constructivist and social constructivist are 

though all seen in typical science teaching practice. The findings here do 

broadly support those of the ESCalate project in showing “there appears to 

be a general increase in the use of strategies that promote social 

constructivism as trainees develop” (McGregor, 2011, p.6). The picture is not 

though straightforward as more experienced teachers illustrate a large 

number of behaviourist approaches too, at the expense of constructivist 

methods. This would seem to reflect what Ewing and Manuel found regarding 

how the “early idealism of the newly appointed teacher can be buffeted and 

undermined by …the growing realization that there may be endemic school-

based and system-wide challenges” (Ewing & Manuel, 2005, p.7). Participant 

comments show that the increase in behaviourist approaches can be a 

response by more experienced teachers to expectations of school managers, 

in adopting school wide approaches intended to maximise pupil order and 

compliance, even if this might be at the expense of some aspects of 

children’s learning. “To reiterate the pressure from outside … I am confined 

by what leadership let me do” (interview with teacher ‘JJ’). 

 

The most evident of school-wide policies, in conflict with the literature which 

promotes effective learning approaches when teaching for conceptual 

change yet evident in every school visited, are those that promote strict 

seating arrangements where boys and girls sit alternately around the room. 

These are enforced through a conformity culture, policed by judgmental 
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lesson observations, yet lacking any evidence for this arrangement being 

effective for improving pupil’s learning in science. 

 

Research demonstrates that adolescents in secondary school science 

lessons need the opportunity to explore their understanding of ‘big ideas’ and 

concepts (Harlen, 2010) within a supportive network of peers (Driver et al., 

1994) as the process of conceptual change is sensitive to pupils emotion, 

motivation and a host of other contextual and situational influences 

(Nadelson et al., 2018). Teachers’ attempts to achieve this when constrained 

by centrally imposed structures are however likely to fail - as this research 

has shown much that happens within classrooms then reverts to a 

transmissionist mode of learning. The glimmer of hope evident in the practice 

of more experienced science teachers in this study, is that they still value 

hands on practical experiences and so utilise such activities as an 

opportunity to arrange learners in small social peer and friendship groups 

which encourage dialogue and so better match individual pupils’ learning 

needs. As indicated by one of the most experienced teachers in this sample 

“rather than saying, teaching something and then getting pupils to do a 

practical to prove it, I get them to do a practical which will let them find it out” 

(Interview with teacher ‘EE’). For new teachers the need to develop a clear 

understanding of how pupils learn has been embedded within the Early 

Career Framework (Department for Education, 2019, p.10) and in the context 

of science this is specifically linked to misconceptions and the 

accommodation of new ideas (Chartered College of Teaching, 2020, p.121).  
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This emphasises the current need for teachers to understand the important 

issues addressed in this research. 

 

5.3 Implications and recommendations 

5.3a Implications for participants and schools 

Providing opportunity for pupils to “socially co-construct their ideas…will… 

begin an on-going process of deepening understanding and one which 

enables teachers to help students in their progress.” (Harlen, 2010, p.49) The 

learning theory lens offers a valuable mechanism for teachers and their peers 

to scrutinise their practice for such examples and so can be used as an 

element to encourage on-going teacher reflection (Taylor, 2018). The main 

opportunities to increase the number of social constructivist learning 

opportunities within lessons lie at the start and end of lessons. Providing 

teachers with ideas and strategies to engage pupils in stimulating dialogic 

activity early in lessons would seem a straightforward and achievable 

approach. Moreover the final, plenary stage of lessons, where children 

benefit from the opportunity to reflect on their learning and articulate this to 

others should also be a focus. There is therefore a place for teacher 

professional development programmes to focus on the impact of these 

higher-order learning approaches at such points in lessons. Socio-cultural 

learning opportunities are rarely used and so also provide scope for 

development. The importance of good-quality classroom talk (Chartered 

College of Teaching, 2020, p.71) and group work is emphasised in section 4 

of the ECF (Department for Education, 2019) and so although teachers in 

this study have been shown to miss such opportunities, engagement with the 
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formative teacher development opportunities recommended below has been 

shown to provide clear potential to develop these. 

 

5.3b Teacher observation and development 

As observation of and professional discussion with teachers is a key 

mechanism used in teacher development, care needs to be taken in how this 

process is managed. Even in the carefully managed atmosphere of this study 

concerns of teacher BB post-lesson regarding her performance were 

indicated. This evidently arises from the performance pressures put on staff 

by both Ofsted and school managers, and this then distorts a teacher’s view 

of their performance. Moreover the impact an observer will have on the 

events that unfold, simply by being present, needs to be considered in any 

observation framework, particularly where performance & accountability is 

the primary focus. As recognised by Lawson (2011, p.320) if observation is to 

be used for judgements about the quality of teaching then it needs to be as 

accurate and reliable as possible. Conversely, as noted by Metcalfe (1999), 

when observing teachers for developmental purposes, those undertaking this 

need careful training to give them confidence to know what to look for, 

mechanisms to record what is observed, and strategies which effectively feed 

back the outcomes.  

 

The structured observation format developed potentially offers a useful tool to 

encourage teacher self and peer reflection on pedagogy. It offers a 

mechanism to counter the prevailing judgmental model of teacher 

performance management, and could encourage further development of 
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teacher peer to peer observation in a form that teachers would value and 

seek to become engaged in. As shown in the Hustler et al. (2003) research 

report, and later referred to in the Importance of Teaching White paper: 

We know that teachers learn best from other professionals and 
that an ‘open classroom’ culture is vital: observing teaching and 
being observed, having the opportunity to plan, prepare, reflect 
and teach with other teachers (Department for Education, 2010, 
p.19). 

 

This provides the opportunity to make use of the collegial culture evident in 

science departments and so reduce teacher isolation. Increasing the use of 

peer observation, with a structure such as that developed here, would 

encourage reflection and debate on teachers’ practice regardless of 

experience levels, and achieve this in an absence of judgement or 

accountability. Such a process of engaging teachers with research into their 

own practice is a valuable one and as Kind and Taber indicate “being a fully 

professional science teacher means seeing teaching not only as an 

evidence-based activity, but also to some extent as a research-based 

activity” (Kind & Taber, 2005, p.253). Professional conversations can 

encourage teachers to construct their own ideas, but also in order for 

teachers to learn about their practice, they need to ‘critically reflect’ and 

importantly to share that teaching experience (McGregor & Cartwright, 2011) 

provided conversations centre around how to teach rather than what to teach 

(Bennett et al., 2003). Indeed recent research by Schipper et al. (2020) 

recommends collaborative forms of teacher professional learning (such 

as through teacher-to-teacher lesson interaction) as a mechanism to 
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produce a more collaborative school culture as well as positive effects 

on student achievement (Schipper et al., 2020, p.123). 

 

Teachers should be encouraged to investigate pupil seating arrangements 

that encourage dialogic learning so children explore and develop their own 

understanding in a climate that values interactions between peers. Teachers 

are evidently affected by school management policies that are in many ways 

unconnected with learning and aim at controlling pupil (and teacher) 

behaviour. Such policies look to develop common structures across all 

subject disciplines and teachers, regardless of need or relevance. A more 

nuanced approach at the least agreed within subject teams, if not by 

individual teachers, would much better serve the pedagogic needs of 

particular subjects. In a crowded curriculum dominated by examinations 

“there is a likelihood that moves to introduce progressive practices may be 

stifled” (Careless, 2005, p.39). So the factors influencing choice of practice 

are valuable areas to consider when attempts are made to understand this 

practice. Seeing how things could be will help practitioners move towards 

overcoming any systemic inertia especially when awareness of the causes of 

such friction has been made explicit. 

 

With the recent expansion in school building programmes school managers 

need to be aware of the need for appropriate learning facilities to still be 

available. This means that learning spaces need checking with specialist 

subject teachers to avoid them being determined on simply economic 

grounds by architects who have little or no understanding of the subtlety of 



 181 

subject specific learning. Where facilities are limited (in both laboratory and 

apparatus availability) timetabling arrangements need creating that maximise 

each teacher’s access to these, so that for all lessons teachers have 

opportunity to conduct relevant practical activities. Schools and society 

increasingly measure the success of pupils through examination 

performance, yet “getting the grade is not the same as getting the science” 

(Ofsted, 2013, p.26) as retaining preconceptions about key ideas in science 

is a barrier to further conceptual development.  

 

An opportunity has been highlighted by this study, in the strength of science 

departmental culture. Evidently, in the schools involved, this is viewed as 

being primarily collaborative with a great deal of sharing and mutual support 

which makes for effective departments. This echoes the Harris et al. report 

into what makes an effective department, which revealed that: 

One of the most striking findings … was the emphasis 
departmental heads placed upon collegial management. Each of 
the effective departments was marked by a constant interchange 
of professional information at both formal and informal level (Harris 
et al., 1996, pp.7-8). 

 

This presents a way forward in using this atmosphere of trust for on-going 

development in teaching approaches, but only provided school managers 

cease the “efforts to control classroom practices and to have teachers 

conform to a set of prescribed behaviours” seen by Clarke and Erickson 

(2006, p.1). This would seem to be a key way to counteract the reductionist 

view, that teaching is “a process of delivering information and testing 

students for its reception and retention” (Schön, 1992, p.121). 
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5.3c Implications for education in general 

Freire (1996) argued that education and politics were inextricably linked. In 

this context he considered that all decisions teachers make about their 

pedagogy are ultimately political. Since this period the UK government in 

England has progressively taken an active and interventionist role in shaping 

the curriculum through curriculum and assessment policy and the use of 

Ofsted for inspection, yet the outcomes of this research suggests a conflict 

between intentions and consequences. 

 

The Department for Education strategy, ‘Training Our Next Generation of 

Outstanding Teachers’, (Department for Education 2011) fundamentally 

changed the context in which initial teacher training operated. Further as 

observed in the Carter review “increasingly, it will be schools that lead the 

way” (Department for Education, 2015, p.3). This sets in motion an increased 

responsibility for schools in all aspects of training. It consequently reduces, or 

at least changes the opportunities new teachers have to reflect on their 

developing practice alongside university academics in a way that helps them 

to integrate theory with their actual teaching. As was the case for the 

teachers and schools in this study, where opportunities still exist they have a 

positive and lasting effect, any reduction however is a problematic 

development. 

 

Once qualified and embedded within existing school structures and culture, 

teachers come up against deeply ingrained habits and assumptions which 
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undermine their identity as reflective practitioners. As shown by Lawson’s 

(2011) extended study of teaching practice: 

Traditionally, teaching has been about delivering knowledge to 
students, and there are resilient notions of the ‘proper’ way to 
teach that rely on a dominant teacher-focused mode of delivery. In 
a culture where long-established practices are seen as the most 
appropriate way of teaching (not least by students and their 
parents themselves), then effecting change can be very difficult. 
This is compounded in situations where success in public 
examinations is the main measurable outcome of the teaching 
establishment. The pressure to ‘get through the curriculum’ and to 
achieve good grades creates a pressure on teachers to maintain 
control of teaching sessions in direct ways (Lawson, 2011, pp.333-
34). 

 

The research reported here mirrors this in the behaviourist expectations 

directed by school managers and is evident in centrally imposed lesson 

structures and grouping mechanisms reinforced by a judgmental observation 

regime. The way teacher practice has been shown to change over time is 

demonstrating that teachers progressively comply with these expectations 

the longer they teach. The challenge for on-going initial teacher education is 

that this is at odds with the Teachers’ Standards which require that a teacher 

must “demonstrate knowledge and understanding of how pupils learn and 

how this impacts on teaching” (Department for Education, 2011); and further 

underlined by guidance which requires that “they have an astute 

understanding of how effective different teaching approaches are in terms of 

impact on learning” (Department for Education, 2011). 

 

Educationalists and politicians need to ensure opportunities, in both initial 

teacher education and continuing professional development (CPD), are 

developed for teachers to better understand the value of different learning 
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approaches and mechanisms. This is a two-way street with schools needing 

to continue to engage with those at the forefront of researching science 

teaching pedagogy, and those undertaking such research with schools. In 

this way they can maximise all opportunities to explore such approaches in 

the context of real teachers’ practice. 

 

It is important to reinforce the theoretical understanding available to those 

undertaking school-based approaches to initial teacher training, so that they 

are exposed to the fullest understanding of pupil learning mechanisms. This 

requires a subject specific approach to pedagogy so that teacher 

pedagogical content knowledge (PCK) has the best possible start, ensuring 

teachers can make the maximum use of this throughout their career 

whatever their training route. As previously stated, investigating how teachers 

approach pupil learning in science, a component of science teachers PCK “is 

vital to the development of effective pre-service and in-service programmes” 

(Berry, 2012, p.34). 

 

With the apparent prevalence of universal seating policies in place in 

secondary schools, educational researchers need to explore and challenge 

the justification for these and reveal their impact on pupil learning so they can 

be removed as a barrier to meeting pupil individual needs. As the current 

most extensive review of such arrangements showed: “there is no single 

classroom seating arrangement that promotes positive behavioural and 

academic outcomes for all tasks, because the available research indicates 

that the nature (i.e., interactive versus independent) of the task should dictate 
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the arrangement” (Wannarka & Ruhl, 2008, p.93). One of the outcomes of 

Blatchford et al.’s (2001) research into in class groupings was that teachers 

receive little training in the use of group work, and what they do receive most 

often occurs in their initial training. Even more importantly, pupils also have 

no training related to how they should participate in group working. They 

suggest therefore that this is one reason for teachers displaying a lack of 

confidence in its use. This then is still an area of deficiency and so merits on-

going attention by schools. 

 

5.3d Recommendations for those doing further research in 

this area 

This research has reinforced the way any investigation into teaching and 

classrooms is a complex undertaking. Use of research methodologies which 

support deep enquiry into the behaviour of their subjects are to be valued as 

they reveal much about practice that would not be evident through more 

carefully controlled but more generalisable approaches. There are 

differences between the rhetoric and reality of what teachers do in their 

classrooms. So despite the complications produced by recording the actual 

classroom behaviour of teachers, this better reflects their day-to-day practice. 

This work has also reinforced the impact of the very process of observation 

on the practice under scrutiny. This is an important message for all those 

fortunate enough to see teachers in their own classrooms, as they must not 

forget how simply their presence changes that very behaviour they are 

carefully observing. 
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For researchers looking to record, transcribe and analyse the views and 

comments of their research subjects, it is important to be aware of how this 

can impact on the meaning achieved. In this work two different transcribers 

were used out of necessity, and during the process of analysis it became 

apparent that their different approaches and understanding of the context 

had an impact on the material produced. The transcriber did not always 

share the meaning available whereas the researcher and interviewee had 

shared a contextual understanding. This meant that subtle nuances of 

meaning were potentially lost, an issue important for anyone using this 

technique, particularly if they engage with a large sample. For example, 

specific but brief terms with contrasting scientific and everyday meaning were 

interchanged, distorting the intended sense (e.g. incomplete vs in complete; 

principle vs principal; convection vs conviction etc). Once evident, this was 

resolved by the researcher returning to the original audio recordings after 

transcription to check and correct the work thus ensuring all key meanings 

were retained for the process of analysis. 

 

5.4 Impact of the study on practice and areas for 

further study 

As a consequence of this work the researcher now has a better 

understanding of teacher actions and motivations in this context. The 

participants have benefited from the opportunity to discuss their pedagogic 

choices with an experienced and trusted science educator, and so have 

developed their practice as a consequence. The research tools and findings 

are being shared within the local and wider community of science teachers 
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and teacher educators, consequently offering the potential for impact beyond 

the specific context of the study. The study itself has also opened up the 

following avenues for more exploration to enable wider understanding within 

this field. 

 

To further highlight the effect of the chosen context (teaching for conceptual 

change), strategies adopted in other areas of the science curriculum could be 

usefully investigated. For example, where pupils are developing skills in 

inquiry and investigation through practical work, teachers may well prioritise 

activities that utilise specific routines and behaviours more than those 

requiring pupils to compare their ideas with alternative viewpoints. “Inquiry 

addresses the development of understanding through gathering and using 

evidence” (Harlen, 2010, p.46). Such an area of further study can only add to 

this work by consideration of approaches in a wider context. 

 

Having developed a structured approach to lesson observation, which utilised 

the learning theory framework, several opportunities arise from this. The 

researcher intends to develop improvement work with a whole school science 

department to provide both CPD and research opportunities in this context 

plus share this with colleagues in similar science teacher education roles. A 

peer observation framework will be developed which encourages reflection 

and debate so that teachers, regardless of experience levels and in an 

absence of judgement or accountability, can reflect upon their practice. Such 

a process, engaging teachers with researching their own practice will provide 

valuable development opportunities for them, plus scope for the researcher 
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to consider variation in practice across a subject team. This will offer further 

insight into the change in practice as teachers gain experience, but also how 

separate science specialists approach their teaching. 

 

As socio-cultural learning activities are so rarely seen in science teachers 

practice, developing a number of specific examples of their use to share with 

teachers will be a mechanism by which to raise the profile of such strategies. 

These can be disseminated through networking opportunities and publication 

in the context of this researcher’s normal activity. As there have been very 

few studies on the impact of boy-girl seating policies on pupil learning, and 

less so in the context of secondary science, a study into what evidence can 

be produced of their impact seems both valuable but also necessary in the 

light of their widespread use in secondary schools. This will, however, need 

careful structure so that it measures pupil understanding and conceptual 

development rather than simply on task behaviour as in previous studies. 
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5.5 Final reflections 

At the point I began my career as a science teacher in the 1980s, it still felt 

largely the case that on closing my classroom door I could operate in 

isolation choosing my content and developing my own methods and 

strategies. However, I have come to understand that teaching and learning 

cannot be done effectively without collaboration and an understanding of the 

social context in which schools operate. Since becoming a university-based 

science teacher educator I now feel an acute responsibility to understand 

teacher practice, development and context in order to play a role in 

enhancing it as far as possible. This work though will never be complete for 

there will always be new children, new teachers and in this particular field, 

new science to be learned. Moreover, in a context where schools are taking 

more responsibility for training their own teachers in supporting them with this 

I can contribute to a stronger teaching workforce and therefore society more 

generally. 

We need better science education to secure a strong foundation 
for a successful and technological society (Ofsted, 2013, p.4). 

For pupils, although many visions of education in the future illustrate 

individual pupils working at a distance with electronic forms of information, 

this misses the main point of what learning is about – it is the interactions and 

relationships within which learning takes place that matter. It will always be 

the case that pupils will need to develop their understanding of the world from 

and with each other, and so teachers will need to facilitate these interactions 

so their pupils can undergo the necessary conceptual change to develop a 

secure understanding of the fundamental ideas of science. 
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Appendix 1 – ethical approval 

Request for Ethical Approval  

Section 1 – to be completed by the researcher 

Full name 

 

 Peter Taylor 

Module number and 

title 

(student researchers 

only) 

 EdD Thesis ED5015 

Research Proposal 

title 

Teaching for conceptual change – The 

development of science teachers’ strategies 

to support pupils’ learning. 

Brief outline of 

proposal 

 

 

 

 

 

 

Through a questionnaire the planned 

strategies, drivers and constraints, used by 
new and recent past trainee teachers, will be 

investigated. 
The findings of this will be used to frame a 

series of small-group discussions and 
individual interviews about the strategies 

intended and used, plus the reasons 
underlying their choice of these. 

The consistency of participants’ descriptions 
will be verified through a small number of 

lesson observations. 

Level of research, 
e.g. staff, 

undergraduate, 
postgraduate, 

master’s (award 

related), MPhil, PhD 

 EdD 

Please outline the 

methodology that 
would be 

implemented in the 
course of this 

research. 

 

 

  To invite current and past Science PGCE 

students from the University of 
Wolverhampton (approximately 60) to 

conduct an e-questionnaire investigating the 
teaching strategies they use and reasons for 

these. 
To follow this up with a series of small-group 

and individual half-hour interviews covering 
teachers from six West Midlands schools. The 

number of participants will be limited to no 
more than two per school to enable in-depth 

analysis of the reasoning underpinning 
choices of teaching strategy but these will 
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still be selected to represent a cross-section 
of schools, teacher ages, teaching 

experience and science disciplines, so that 
comparative analysis is possible. All 

participants will be invited to take part but 
will be allowed to leave the study at any 

time. Interviews will be audiotaped with 
permission to allow transcription and these 

transcriptions returned to participants for 
agreement before analysis. 

 

Finally an even smaller sub-sample (3-6) of 
the above teachers will be invited to 

volunteer for their teaching to be observed 
to investigate their teaching in practice. This 

observation will be non-judgemental and 
attempt to consider the teaching of one 

typical science concept and take the form of 
written notes about the activities used in 

lessons, made by a researcher following a 
format informed by the previous stages and 

agreed with the teacher. Activities described 
and observed will then be categorised by fit 

with the learning theory model developed 
from McGregor 2007 and mapped against 

teacher demographic and school cultural 

data determined through the assocated 

interview activity. 

Please indicate the 
ethical issues that 

have been 
considered and how 

these will be 

addressed. 

 

 

 

All participants will remain anonymous in 
final reports. No individual pupil performance 

data will be determined or included. 

There will however be potential for current 

students to feel required to engage with this 
research, as the researcher is one of their 

course tutors. However they will be clearly 

invited to choose to engage or not and that 
lack of engagement will not affect the 

outcome of their programme. To ensure this 
separate verification by a different course 

tutor will be used to confirm any grading of 
both teaching and academic performance for 

those participating in this study. 

Past students will opt to engage or not, but 

those choosing to may well not be a 
representative sample of previous students. 

Data demonstrating this will be investigated 
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so that the teachers involved produce a 
small series of case studies drawn from a 

wide range of age and teaching experience. 

A consent question for teachers will be 

included in the questionnaire, and a further 
consent form for both staff and school senior 

management employed before interviews 

and lesson observations. 

Permission for lesson observations in schools 
will be sought in advance with the relevant 

head teachers. 

Individual pupils will not be identified during 
lesson observations, but will be informed 

about the role and purpose of the researcher 
before any observations are undertaken and 

as a consequence presumed consent 
obtained. Teachers will be consulted in 

advance to ensure pupils are not exposed to 
disturbance of their usual routine or 

activities. Lesson observations will involve 
analysis of plans and resources and 

completion of a pre-determined recording 
template that addresses language used, 

practical activities and models employed, 
and analysis of task structure utilised. These 

methods of data collection will be discussed 

and agreed with participating teachers in 
advance. Post-observation discussion will 

also be audio-recorded and transcribed to 
enable validation and discussion of the 

observation records. 

Please indicate any 

issues that may arise 
relating to diversity 

and equality whilst 

undertaking this 
research and how 

you will manage 

these. 

No diversity issues are initially anticipated, 

but demographic data will be recorded to 
investigate if this is a context driving 

teachers’ reasons for chosen strategies. It is 

possible that the culture of a particular 
school, or the ethnic diversity of pupils 

present is a factor determining choices made 
by teachers during their lessons. These will 

be recorded if evident and considered within 
discussion and analysis. Participating 

teachers and schools will be invited to 
comment and consent to this as a line of 

further inquiry if this becomes evident. 
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Please answer the following questions by deleting the inappropriate 

response: 

 

1. Will your research project involve young people under the 

age of 18? 

 

Yes – as research requires the researcher to be present in schools 

and lessons for observations.   

 

If yes, do you have an Enhanced Disclosure Certificate from the 

Criminal Records Bureau? 

Yes 

   

2. Will your research project involve vulnerable adults? 
 

No 
 

3. For which category of proposal are you applying for ethical 
approval? 

Category A 
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Confirmation of ethical approval 

 

Section 2 – to be completed as indicated, by module leader, supervisor 
and/or chair of ethics sub-committee 

 

For Category A proposals: 

 

I confirm that the proposal for research being made by the above 

student/member of staff is a category A proposal and that s/he may now 

continue with the proposed research activity: 

 

For a student’s proposal –  

Name of module leader or 

supervisor giving approval 

 

Mike Lambert 

For a member of staff’s 

proposal – name of chair of 
ethics sub-committee giving 

approval 

 

Signed  

 

 

[signature redacted] 

Date 

 

Feb 2014 

 

Feedback 

 

 

Peter has thought through relevant ethical issues and responded to 

supervisors’ suggestions.  He is ready from an ethical point of view 

to carry out his investigation. 
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Appendix 2 pilot questionnaire 

Questions delivered through the software package ‘Surveyor’. Note the below text 
omits the formatting available in that context but nevertheless illustrates all content. 

 

Research Questionnaire 

This questionnaire is part of a piece of research into the strategies used by science 
teachers. It considers the views of these teachers and the factors affecting these 
choices. Thank you for contributing to this work please be assured that any views 
and comments made here will be anonymous so that you feel able to indicate freely 
your ideas and views. 

 

1. Select the age band to which you belong (to the nearest whole year) 
20-23; 24-26; 27-30; 31-36; 37-49; 50+ 

 

2. Gender 
M ; F 

 

3. What type of initial teacher training are you / did you undertake? 
PGCE; GTP; Teach First; other 

 

4. How long has it been since you qualified as a teacher? 
Not yet qualified; less than 1 year; 1-2 years; 2-3 years; 3-4 years; 4-5 years; 
5-10 years; more than 10 years 

 

5. Which subject specialism is your first-degree most aligned to? 
Biology; Chemistry; Physics; None of these 

 

6. Which subject specialism covers the greatest part of your teaching timetable 
at key stage 4 and / or 5? 
Biology; Chemistry; Physics; General Science; None of these 

 

7. Indicate on the scales below how much these people currently influence the 
main teaching strategy you employ in science lessons? 
The only influence>A major influence>some influence> little influence> No 
influence 
Myself and my own views on teaching 
Head of department 
Head teacher 
Science departmental colleagues 
Initial teacher training mentor 
Initial teacher training / university tutor 
AST 
External consultant / advisor 

 

8. Is there any other influential person not listed who has had a major influence 
on your teaching strategies? – If so give their role 
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9. Indicate on the scales below how much these factors currently influence the 
main teaching strategy you employ in science lessons? 
Class ability 
Pupil Behaviour 
Examination requirements 
Expectations of staff monitoring your lessons 
School ethos 
Availability of resources 
Myself and my own views on teaching 
Ideas originating from my Initial teacher training 

 

10. Is there any other influential factor not listed above? – If so state this below 
and again indicate it’s degree of influence 

 

11. When you set you practical activities that relate to key scientific concepts 
what is the most common size of group do you use for pupils? 
Individual – pairs – 3 – 4 – 5 or more 

12. What are the main reasons for this choice of group size? 
…….. 

 

13. When pupils work in groups how are these usually determined? 
By you the teacher 
By themselves 
By an external factor please list below 
 
Free text……. 

 

14. When you choose to group pupils for their work which of the following factors 
are the most or least important to you in making these choices? (Rate 1-5 for 
each) 

 

Minimising delays to get activities underway promptly 
Grouping pupils to minimise behavioural problems 
Grouping pupils of similar ability together 
Grouping pupils of different ability together 
Creating groups of the same sex 
Creating groups of similar sex 
Other factors – please indicate below 
 
Fee text ----- 

 

15. What proportion of practical activities in your lessons use demonstration by 
you as the teacher? 
100% - 0% 

 

What are the main reasons for this choice? (indicate in box – free text) 
 

16. When initiating pupil practical activities how important do you consider the 
detail of instructions to be? 
Highly important – of little importance? (5 point scale) 
+ free text box for comment if required 
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17. When attempting to resolve alternate conceptions in pupils (i.e. 
misconceptions) list below the main strategies you employ in order of 
importance. (most important to least important). 

 

18. How would you describe yourself when teaching scientific ideas? 
 

19. What feature of your teaching style illustrates this? 
 

20. What most commonly impairs you from teaching in this manner? 
 

21. What proportion of a typical science lesson do you spend doing each of the 
following? 
Teaching facts 
Encouraging pupils to think for themselves 
Allowing pupils to investigate their own ideas 
Asking questions to pupils 
Allowing pupils to talk to each other 
Listening to pupils talking about their ideas 
Demonstrating aspects of science using apparatus 
Allowing pupils to carry out hands-on practical activities 
Practising exam questions 
Supporting pupils complete coursework 
Marking pupils work 
Working with individuals 
 
Is there any other activity you spend a lot of time doing not listed? - If so 
please indicate in the box above. – Free text 

 

22. How often do you allow pupils to reflect on their learning? 
Never - Once every topic – once every week – once every lesson – several 
times every lesson 

 

23. Why is this? 
Because staff monitoring my lessons expect this 
Because I believe this to be the right amount 
Because behaviour prevents this happening more frequently 
Exam constraints limit time to this level 
Other factor not listed above 
 
If you have chosen an 'other factor' please indicate what this is in the box 
above – free text 

 

24. How would you describe you views on how children learn science concepts? 
 

25. How difficult did you find it to answer the previous question? 
V hard – Some difficulty – OK – Straightforward – Easy 

 

26. Who monitors what you do in science lessons most often? 
Colleague / peer 
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Mentor 
Head of department 
Assistant / deputy head 
Head teacher 
External advisor 
Initial teacher training provider tutor 
No one monitors my lessons 

 

27. Which of the below best describe how often do you discuss your views on 
teaching with another professional? 
After every lesson; Daily; weekly; monthly; termly; once a year; never 

 

28. On the scale below identify how much you agree with the statements: (agree 
strongly; agree; no view; disagree somewhat; disagree strongly) 

 

Teaching is delivering information followed by testing for retention 
I teach using strategies I have developed through trial and error 
I teach using strategies I have seen others using 
I am able to refine my personal practice in an autonomous manner 
Other staff dictate the way I teach 
Pupil behaviour dictates the way I teach 
Examination requirements dictate the way I teach 
I feel part of a community of teachers who exchange ideas and practice 
regularly 
My teaching style is fixed and consistent 
My teaching style changes when others watch me 
My teaching style has changed radically since I began teaching 

 

Are you willing to participate in further research in this area such as small group 
interviews? 

29. y/n 
 

If yes please provide contact details and an e-mail address below 
(Note this information will only be used for contact purposes, not to identify 
individual responses to questions) 

 

Free text…. 

 

Thank you for taking part in this research. The information which you have given will 
only be used in the context of my research and your privacy will be respected. 

Should you wish to contact me about this work, please do so via email: xx@xxx 
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Appendix 3  

Examples of typical free text responses to question 17 

 

“When attempting to resolve alternate conceptions in pupils (i.e. 
misconceptions) list below the main strategies you employ.” 

 

• ID 82547: Let them discover it themselves. Telling them is not the 
solution. Investigations are key. (constructivist) 

• ID 82550: Elicitation through assessment. Correction and subjection to a 
similar principle (behaviourist) 

• ID 82558: Allowing students to have their own opinion, share their 
thoughts and ideas in groups and construct the knowledge by doing 
experiments to test out their alternate conceptions where possible. (Social 
constructivist) 

• ID 82569: Finding out what the pupils think already. 
Possibly another demo/practical to instil the concept. If still not 
understood - explain it as "this is correct. (behaviourist) 

• ID 82629: Peer work with people who do not have the alternative 
conception. (Socio-culturalist) 

• ID 830535: Allowing students to have their own opinion, share their 
thoughts and ideas in groups and construct the knowledge by doing 
experiments to test out their alternate conceptions where possible. (Social 
constructivist) 
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Appendix 4 - preliminary interview questions 

Ascertain from group: Age, Gender, years of teaching since Qualifying; ITT 
route; subject specialism. 
 
Give example(s) of a science teaching area & ask participants to discus how 
they would go about teaching that concept to pupils. 

Possible areas: 
Combustion – candle in jar example 
Radioactive decay – centicubes example 
Materials – strength of plastic carrier bags 
Materials – properties of metals 
Oscillations – behaviour of a simple pendulum 
Animal behaviour – woodlice / choice chamber 
Structure of living things – Cell observation 
 

Push for what would be said to set up activities, and how these activities 
would be carried out / arranged – look for descriptive ‘role play’ 
 
When teaching pupils on an everyday basis are you able to approach 
concepts / ideas in this manner? 
 
Are there any factors that encourage you to approach teaching in this 
manner, or push you to approach things differently? 
 
Is there any difference between the way you approach teaching scientific 
concepts with different age groups? 
 - Is there any reason for this? 
 
Would you approach revisiting a topic differently to the first time it is 
encountered? 
 
Which people are most influential in your choice of teaching strategy? 
 
What circumstances most affect the way you teach? 
 
How free do you feel to make a free choice of teaching strategy? 
 
Has your approach to teaching such concepts changed since you started 
teaching? 
 - If so in what way and why? 
 
Are you willing to have your comments used (anonymously) in published 
research? 
 
Are you willing to be approached for a follow up interview in the future? 
 

  



 219 

Appendix 5 - transcript of preliminary interview 

1st June 2012 Interviewer Peter Taylor, plus 3 participants from PGCE course 
2011-12 

 

Interviewer: I have chosen you all because you responded to the online 
questionnaire of mine although there were about 4 or 5 people from the current 
PGCE that did so too,  I expect to go to them later. I am trying to refine the way I’m 
trying to get ideas out of people through what I am doing today.  I am going to 
anonymise everything you do but during this we will record your names and then 
anonymise and call you student A and student B, student C.  If you can give your 
age and number of years since you qualified and your subject specialism: 

 

Female Speaker A: - 22 I have not quite qualified I am a chemist 

 

Male Speaker B I am 23 a chemist and I haven’t qualified 

 

Female Speaker C I am 24 a biologist and I haven’t qualified 

 

Interviewer: I have brought this out. This is something I am interested in seeing 
about how you might use this.  This is stimulus material. So you have here a load of 
centicubes...you may have come across the activity where you could look at decay 
and radioactive decay with centicubes …  does that mean anything to any of you?  
No ok, I won’t go into that any more if you haven’t done it. We have got a pendulum 
and obviously with the metre rule and the stopwatch you could carry out some kind 
of investigation to do with a pendulum how it operates and behaves? And that might 
be something you might have done with children, you might not. Here we have got 
some jars and candles, various different sizes of jars and candles and stopwatch 
and some matches. You may have carried out or come across the activity where 
you set fire to a candle and put a jar over the top and time how long it would burn for 
and make that into something you could investigate with a group of children. Have 
you done that one? Yes you could do any of these three.  I have about 8 things I 
could choose, I thought everyone would have done any of these three.  What I 
would like you to do as a group and one person might lead this or not, is talk about 
one of those that you might choose and how you would try and carry that out with a 
group of children as in what would you get them to do, how would you organise it? 
How would you set it up? What sort of things would you say to the pupils about how 
they would carry out that as a practical? Any one fancy starting? 

 

Female C. I would do this one with the three different sizes of jar and may be do 
how long it would burns for in the three different volumes.   

 

Female A: When I used it I used it as a starter activity to get the students thinking 
about what is needed to get something to burn. So we were doing complete 
combustion and incomplete combustion and that’s the way I started it. I said “what 
do you think complete combustion is when there is an excess of oxygen” and got 
them thinking like that and that is the way I used it 
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Male B:  When I was on placement it was one of the assessments they had to do 
themselves so they had to design the experiment themselves and they were given. 
Well, they had to come up with the idea themselves. 

 

Interviewer: So just say a bit more about the way you organised it for the pupils 
which you described and then I will get you to say a bit more about how you 
organised it how you set them groups and chose what they were going 

 

Male B: I kind of grouped them into different abilities, sorry a mixture of abilities 
within each group so then the weaker kids could be pushed up by the stronger kids 
and they would help describe ...they had to design the experiment themselves.  
They were shown the equipment but not shown how to set it up. They were given 
the equipment list and they could use whatever they wanted from that. They also 
knew we were studying complete and incomplete combustion so I gave them a 
basic structure. I have shown them other experiments, other write ups as well, so 
they have got what a good one looks like and then I kind of just let them loose on 
the experiment. 

 

Interviewer:  When you say you gave them a basic structure, what sorts of things did 
you do in terms of that structure? 

 

Male B: I walked them through what a hypothesis would mean.  They have done 
experiments before and I have shown them a write up of something I had done 
previously and this is the hypothesis this is what you need to put in. I think this is 
what will happen because...  and then I showed them what I expect from a diagram, 
a scientific diagram and then what I expect, what a method should look like and then 
I also got them to say  -is this a good method - and point out the errors within my 
method which unfortunately pointed out quite a few errors depressingly 

 

Interviewer: So you did give them examples 

 

Male B:  I did give them examples of write-ups and everything 

 

Interviewer: But in terms of what they would actually do with this themselves, did 
you give them any guidance as to how to get a result that might work? 

 

Male B: They had already gone through the theory of incomplete combustion and 
complete combustion so I let them decide basically how they should do it. 

 

Interviewer:  Because that is quite different to the way you were describing it. Do 
you want to talk about how you would have done it and what the contrast between 
how you were looking at it? 
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Female A: Mine was an introduction to the topic it wasn’t looking at how we can 
investigate it, it was a sort of prompt, question prompt, and I said to them: I have lit 
this candle, let it burning for a few minutes on the side, will this candle ever go out? 
And they said the obvious things, yes when the wax is used or if somebody blew it 
out, that sort of thing. And I said what would happen if I covered it with a jar? And 
then one of the students in the group said: it would go out…then it was why would it 
go out?  ... and then it was:  because it is using the oxygen up. I think one of them 
said because it was using the air up … yes but what is in the air that is needed for 
that candle to burn? ... and it led to … oxygen is needed for something to burn and 
then it led on to ok so if we have some oxygen but not a lot, do you think it would 
burn completely? Yes or no?... No, and that sort of conversation. 

 

Interviewer:  So you were demonstrating the activity and then asking particular 
questions to try and gather their ideas 

 

Female A:  Yes and prompt their thinking as to how, what complete and incomplete 
combustion is about.  So it was them doing the work and I was just saying have a 
go. 

 

Interviewer:  You said you haven’t done any of these activities but if you followed 
how you might carry out this one we are talking about, how would you describe how 
you think you might approach this? 

 

Female C:  I like the idea of just giving them it and just letting them do it for 
themselves, design their own experiment, do it whatever way they want. I like that 
idea I think rather than more structured. May be give them some sort of structure 
within a writing frame or something, may be different variables they could choose, 
and let them choose their own. 

 

Interviewer: Do you feel quite comfortable that they would get the kind of end that 
you might want out of it? In terms of your different sizes of jars, the effect of that, are 
you happy you would get the result in terms of variables from that? 

 

Female C: I would have thought so but I would probably try it beforehand just to 
make sure 

 

Interviewer: That’s fine.  I am not trying to look for a right or wrong way of doing this.  
It is interesting listening to how you would describe doing this. 

 

Female A:  Can I just jump in ...if it was me and I was doing this experiment with a 
pupil I would rather than give them … you need to do this experiment ...do what you 
want.  I would give them an end goal, so find out what size candle burns the longest 
in the certain size jar just so as they knew what they were looking for. They could 
use their own method of doing it but not just saying off you go ...that’s it. 
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Interviewer:  Ok describing that, you were talking about doing it in an investigative 
way, you’ve talked a little bit about that. I know you have used that as an example 
but is that typical of the way you would try and approach concepts and teaching 
concepts or are you drawing just upon I happen to do it this particular way and I 
wouldn’t normally do it that way? 

 

Male B: I think within my teaching I am very keen to let the, well the way I learn was 
basically via practicing myself, I didn’t really learn through teachers and everything 
like that. I think within science particularly you need hands on experience and the 
best way to do that is to get things wrong, mess up.  That’s one way I would 
approach it but there is merits to the structure and you need to cram a lot in and 
within structure you can do that. 

 

Female A: Yes. Sorry I have had structure rammed down my throat on the same 
attachment. 

 

Interviewer:  Would you go along with either or both of those? 

 

Female C: I haven’t done a lot of sort of letting them free like that but I would like to 
do more. The school I was at was more structured like you are given this equipment, 
this is what you are going to do, this is how you are going to do it, but I like the idea 
of just letting them do it but I haven’t done a lot of it. 

 

Interviewer: So why have you not done a lot? Say a bit more about why you haven’t 
done a lot of that 

 

Female C: Just through schemes of work and things it’s all kind of set out, this is 
what they are going to do and this is how they are going to do it. I’ve never really 
thought of going in and not having it. 

 

Female A:  I think it is confidence with your students as well 

 

Female C: ………you would need to have a reliable class maybe 

 

Interviewer: So in terms of the constraints for how you would choose to teach 
activities, you have mentioned a couple of things that you think might be constraints. 
Do you want to just say what constraints you think would stop you working in that 
way? You have mentioned behaviour, what else would you say would stop you? 

 

Female C: Time, if you are more structured you can fit more in. If you have only got 
a short amount of time, letting them go free….you’re not sure what is going to 
happen and how long it is going to take 
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Female A:  I think you can have structure as well as letting them go free though. So 
say you have got 20 minutes to plan exactly what you are going to do and then give 
them time structure as to what they have got to complete 

 

Male B:  When you say letting them free I don’t mean just letting them go loose in 
the lesson. The lesson’s got a structure and I say you have got 20 minutes to do 
this, you have got 10 minutes to design a name or discuss that with your peers. I 
just mean freedom in the sense that think and argue between yourselves, but it’s still 
got structure in the sense that I know when I planned the investigation I would say 
these are the things you can possibly come up with and I try and create maps for 
everything they would … that’s a lot of work 

 

Interviewer: Are there any things that have happened that you have come across or 
people have said or done that have encouraged you to teach in the kind of ways you 
have been talking about? 

 

Female A:  Along the behavioural management issue I think if the students know 
exactly what they have got to do, when they have got to do it and it’s broken down 
then there is less chance of things going wrong. 

 

Interviewer: Ok, why have you made those choices if you are going to break it down 
in structure in that way, is it because of experience or because of things people 
have said to you or because you have got a personal view that that’s the right way 
of doing it? 

 

Female A:  Suggestions within the department I have been in have been…  if you 
tell the student, break them off in half say, this side go and get your goggles, this 
side go and get the equipment you need, then you swap, you have less chance of 
the students having a good old chit chat in the corner 

 

Interviewer: You have sort of had a different way of approaching it. What are the 
things that have encouraged you to work in that way? 

 

Male B: I think it’s just personal in a way and talking to other mentors and 
everything, they seem to think it’s a good idea to let them loose and a little bit of 
reading as well 

 

Female A: I think its confidence as well. I wasn’t confident enough to say to the 
pupils this is what you need to use. Come up and make your own. That might have 
had something to do with the fact that I had three low ability groups and only one 
high ability class. 

 

Interviewer: Any thoughts about things that might make you work in a particular 
way? 
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Female C: I would like to but no one apart from at University. No one in schools, I 
haven’t seen anyone really do it, at least not observed them do it, no one has really 
told me to do it that way at school, apart from in university, and through reading 
journals and stuff. 

 

Interviewer: Ok - if you think about different age groups, if you were teaching year 
groups would that make any difference to the way you would approach teaching 
different science concepts? Or would you do the same regardless? 

 

Male B: I think I would try to do the same regardless because we learn best through 
playing in my opinion anyway and research but you need to have that kind of 
relationship with the students you have got to be able to know that they are going to 
be able to do the work themselves.  You have got to have the behavioural issues 
down to a tee. You know they are not going to mess around. 

 

Female A:  I think that is fine but with Year 7, say, they need a lot more guidance as 
to what is expected in the science lab I think rather than your Year 10 and 11 
students – they know you know what is expected of them, so therefore they would 
work better being told that. 

 

Female C:  I think ideally all ages or years, but as I say I haven’t done much with it. 

 

Interviewer:  Perhaps what we have talked about – if you were doing this the first 
time, if this was the second time you had come to a topic so you are revising a few 
months after you first did it, would you approach things in the same way or would 
you approach things differently and if so how would that be? 

 

Female A:  I would have done it differently, it was a bit of an anti-climax really 
because they knew exactly what was going to happen when it was going to happen. 
Ok it led us on to discuss the other things but I think if they had done the experiment 
like “Male B” said they would have gained a lot more out of it rather than going oh 
yeah it goes ….. 

 

Male: B: I haven’t really thought about repeating the experiments. I think if I were to 
do it again I would probably get them to investigate something different in relation 
to…to try and further their own…. There might be something within that topic that we 
could try and extrapolate.. I don’t know really 

 

Female C: Probably the same, maybe be more structured the first time and then 
less structured the second time and they can pick their own variables and go down a 
different route with it. 

 

Interviewer:  I will go down a slightly different direction now. If we think about the 
kind of people that have influenced your choice of the way you teach concepts, 
which people have been most influential for you in the way you choose to teach? 
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Female A:  For me definitely in the schools, the department, because you are part of 
that department and going against the norm when you are training is not wise, I feel.  
It’s ok dropping hints but saying “actually no I think you are wrong” – they are just 
going to ignore you and stop talking to you, in my opinion. 

 

Female C:  I was going to say something similar. The way I think you should teach is 
more influenced by University and the people here, but the way I actually teach in 
school is influenced by the school. 

 

Male B:  If you address the people in the correct manner I am sure they won’t  .. a 
lot of the teachers are,  you are right .. they are very structured and they think this is 
the right way you should do it, but you are quite political about it.  It is difficult 
because you are in a really bad position 

 

Female A:  It is not only that, it’s not just the department, it’s the school as a whole 
from the top down – so there must be lesson objectives written on the board, there 
must be this, there must be that, you must do this.  So that structure that is 
throughout the whole school, not just the science department 

 

Female C: You mean from senior management 

 

Female A: Yeah 

 

Interviewer: so in terms of people that are most influential you are saying that senior 
management are more influential than the science staff or your mentor, I don’t know,  
what do you think? 

 

Female A:  It feeds down because senior leadership dictates to the department and 
therefore the department you are in works the same throughout and therefore you 
adopt these habits 

 

Interviewer: Is that in the context of the schools you have been to? 

 

Female A: Yes, for example I used to do 5 or 6 outcomes for each lesson when I 
moved to my second school I was told you only need 3. Then when I went for an 
interview I only did 3 and they said why have you only got 3 objectives - outcomes 

 

Interviewer: You clearly felt that came from senior management 

 

Female A:  That was the way it was  … you’d have a must, should and could and 
that was it. 

 

Interviewer: How do you feel about that? 
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Male B: I see what you mean, it is definitely coming from senior management but 
maybe it is up to us to play the game. It sounds bad but maybe if we don’t agree 
with something they are doing and we want to do it a set way that we have planned 
maybe we should have the 3 objectives or the 5 objectives instead, I don’t know. 

 

Female A:  Yes I did start doing that towards the end, I’d have my 3 outcomes but 
then I would know that there were 5 or 6 that I wanted to meet that lesson and the 
students would as well because I would feed it in to my lesson. 

 

Female C:  I think a lot of it is dictated by senior management especially when they 
say you have got to do this and this, have these objectives displayed the whole 
lesson and we are going to be wandering around the school and walking into your 
lesson and if it is not there and you’re not doing this when we come in then you are 
going to get into trouble. It does dictate in a big way how you do it. 

 

Interviewer: So if I was to say to you, you have just finished your training year, who 
has been the most influential person for you this year, would you say senior 
management in the school? 

 

Female C:  That is not how I think it should be done though 

 

Interviewer:  So the most influential person for you this year, as a teacher? 

 

Female C:  It would be you, definitely be you. Senior management have probably 
dictated the way I have taught in different schools but the way I think they should be 
done, probably the University. 

 

Female A:  But then you can say influential, it depends on you as a person. You are 
the owner of your own future. My learning style changed completely from my first 
attachment to my second attachment and I think so long as you are open to that 
adaption and being able to change then it is you. I don’t know I’m probably thinking 
aloud. 

 

Interviewer: That’s ok, do you want to disagree with me there? 

 

Male B:  Yes I agree with you, very influential to yourself but without our mentors we 
wouldn’t have been able to learn our trade or have the ideas or the skills in order to 
teach 

 

Interviewer:  There is a difference with mentors in University though so you meant 
specifically mentors in schools 

 

Male B: Specifically - yeah 
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Female A:  I think it is good getting the theory and I think that has been very 
influential but I think it is very influencing when you are there. That’s more 
influencing for me. 

 

Interviewer: So is the way you do things now different to the way you did at the start 
of your training? And in what way and why? 

 

Male B:  I think at the start of my training I wouldn’t have been able to do 
investigative aspects of any practicals. I wouldn’t have had the confidence in myself 
or in the children to do it, but after practising, failing multiple times, it's the one thing 
that has changed, improved. 

 

Female C: I think maybe I am more confident and that makes a big difference in the 
practicals 

 

Female A: I think routine and structure. Before I used to go in and it would be ok you 
need to do this and this and we would do it.  It wasn’t - we will do this to meet this 
and then I am going to do this to assess this. Having the structure has changed a lot 
for me and it has helped with my behavioural management as well. 

 

Interviewer: In terms of things that can determine, not people, things, circumstances 
that determine and affect the way you choose to teach. What things are there 
external to the way you might choose to do things that are the most influential? 
Things that would change or determine or constrain or drive you teaching in a 
particular way? 

 

Male B: Your relationship with the pupils. That in itself is a thing. Whether you would 
be able to leave them alone to work and whether or not they bounce ideas back off 
each other 

 

Interviewer: Anything else? 

 

Female A:  What do you mean by things? It could be the classroom environment 
that you are in 

 

Interviewer: Have you found that is the case? Have you found there are classrooms 
that do determine the way you teach? 

 

Female A: Yes 

 

Interviewer: In what way, what would determine it then? 
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Female A: If they are dark and dingy I find the kids are much more unruly than if it is 
bright and also.. 

 

Interviewer: They might be more unruly but do you change the way you do things 
because of it? If you are in that type of classroom do you change things? 

 

Female A: Yes, I don’t know why…just my persona changes, I feel.  If you like the 
environment you are in .. you are ..(gesticulates) but if you don’t then you are like … 
(gesticulates). Do you know what I mean?  And also I think if they are used to a 
certain teacher in that room then they change the way they are, and therefore you 
have to change the way you are to adapt to their change 

 

Interviewer:  So you have mentioned behaviour, talked about room circumstances, 
is there anything else that might determine why you teach in a particular way for 
teaching science? 

 

Female C:  Ability, high set, low set 

 

Interviewer: Do you approach things differently in that context? What would be 
different about the way you choose to teach for high ability compared to low ability? 

 

Female C:  I think maybe with low ability there may be more structure especially if 
they have got more specific literacy and numeracy difficulties, maybe giving them a 
table with headings and things rather than a blank page … a bit more support 

 

Interviewer:  Anything else you think might affect …I am just trying to gather as 
many things that you think might determine the way you teach. 

 

Female A: Observations ….someone stood at the back of the classroom watching 
you. 

 

Interviewer: You think you teach differently then? 

 

Female A:  I am a lot more nervous 

 

Interviewer:  That’s not the question, the question is do you teach differently when 
someone is observing you? 

 

Female A and C: Err … don’t know.  May be not as relaxed 

 

Male B:  When someone is observing you, you know you have got to get through the 
starter, main and the plenary anyway.   You feel you have got to stick, be very 
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regimented in what you do, whereas when you are not being observed, I feel like a 
different person 

 

Female A:  You can get into conversations with them, but then you can do that when 
you are being observed anyway. 

 

Male B: But you can go off topic, well not off topic, but different routes to what your 
lesson plan actually dictates. You can probably do that when you are being 
observed but … 

 

Female A:  It’s whether you do it well when you are being observed 

 

Interviewer: You have touched on this but I will ask it you again. When you are 
thinking about planning your lessons, do you feel free to choose how you are going 
to teach and your own choice of strategy for a particular concept of the science?  
Can you make your own decisions about how to approach teaching things? 

 

Female A:  Yes, I think.  It’s like with that combustion, I did it completely different. I 
gave the students, I did a home and away thing 

 

Interviewer:  When you say differently, you mean different to the way other staff in 
school might have done it? Is that what you meant? 

 

Female A:  Yes 

 

Interviewer: So it was in a scheme and you did it differently to that? 

 

Female A: Yes, I didn’t really follow the scheme, I know I shouldn’t really say that, 
but I sort of followed it with regards to what the students needed to learn and then 
put my own spin on things. So I would find some resources and do it this way or do 
it that way and sometimes I would go to the staff in the department and go like I am 
doing this please help me what do I need to do and then that would be fitted in so 
that that would be the same as what would be done in the department. 

 

Interviewer:  Did you feel able to choose how to teach things yourself? 

 

Female C: Small parts, but on the whole I had mapped out what every lesson should 
be in the scheme of work but then small parts of it, I could change and do whatever I 
wanted but on the whole … 

 

Interviewer:  Can you explain what you mean by small parts rather than the whole? 
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Female C:  If I wanted to do a different starter or different plenary or slightly different 
activity, something like that but not change the whole lesson, but I probably could 
have but I didn’t. I did what they said. 

 

Interviewer: Because ..? 

 

Female C: I don’t know I guess that’s the way they know works. I didn’t have the 
confidence to try something new. 

 

Male B:  I think I was quite fortunate because even though the department had a 
scheme of work where they said lesson 1 is on this, lesson 2 is on that, I felt I was 
able to say to them can I do it differently.  I would feel more comfortable if I cover 
push and pull forces before I go into the gravitational pull. That’s just an example it 
is not the order they would have taught in but I felt it made more sense to start with 
that first and move on 

 

Female A: I see what you mean because the Year 10 scheme of work at the school I 
was in for chemistry was completely different to how I would teach it and it was also 
different to how the normal class teacher would teach it and therefore she was like 
you can teach it the way it says but I would be more inclined to do this and I think 
this works better and I was like actually thinking the same thing so I will do that then. 
Because if the kids do not know about the periodic table at the start of their 
chemistry, they don’t really know  … it’s that fundamental isn’t it. 

 

Interviewer: Is there anything else you think you might want to add to any of this? 
Good thank you for that. 
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Appendix 6 - information leaflet and consent form 

Teaching for conceptual change 

A research project as part an Educational Doctorate spring, summer and autumn 2014 

Information for participating teachers and school managers. 

For further details please contact me Peter Taylor on xxxx or xxx@xxx 

 

Why is this happening? 

As a science teacher and experienced teacher educator I am interested in developing both 

new and experienced teachers’ classroom practice. One key area for developing pupils’ 

performance in the sciences is to improve their understanding of key scientific ideas, often 

referred to as concepts. 

 

Who is involved? 

In this context research is being undertaken to determine the teaching strategies planned and 

used in science lessons associated with pupils understanding of these key concepts and the 

reasons underpinning these chosen strategies. 

This will involve individual and small group interviews with a selection of science teachers 

in the West Midlands area. Some of these teachers will also be invited to share their 

classroom practice in the form of one or more lesson observations on an agreed area of their 

practice. 

 

Where will the outcomes go? 

The findings of the research activities will be shared with both participants and the wider 

community with a view to developing more effective practice in science lessons. It is hoped 

that this will be of direct benefit to science teachers as well as their pupils plus it will be 

published as part of my doctoral thesis and in relevant journals. 

 

Does anyone have to take part? 

All participation will be voluntary. No individual or school will be identified within any 

material published or unpublished and participants will be free to cease involvement at any 

stage. Records will be deleted after publication of the final thesis. 

 

About the researcher: 

Peter Taylor is an experienced teacher of science and has trained many new science teachers 

as a tutor on various routes of initial teacher training. He holds an enhanced DBS disclosure, 

which is available to managers wishing to verify this before any classroom work occurs 

which involves contact with pupils. 

 

How much time will it take: 

It is anticipated that one or two informal half hour interviews per teacher will be undertaken 

at their convenience. In addition if teachers agree to lesson observations these will be 

scheduled in advance and at a mutually agreed time. 

 

Thank-you for reading this please let me know if you have any further questions. 
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Appendix 7 - script for interviews 

Distribute info leaflets to participants (interviewees) 

 

Seek and gain informed consent to proceed 

 

Describe the need for & process of audio recording, transcription and data 
storage.  

 

Describe the possible nature of publication of anonymous comments. 

 

Seek & gain informed consent to proceed 

 

Start audio recording 

 

Record actual consent being given. 

 

Ask for & gain individual (s) personal biographical data 

 

Interviewer to state that no questions have to be answered & the right to 
withdraw. 

 

Individual data: Age, sex, ethnicity (if willing to declare) years as a qualified 
teacher, TT route followed, first degree subject, teacher training subject, 
subject(s) currently taught. Post held in school. 

 

School data: Age range, size, designation (LEA/Academy/specialism). 

Size of science dept. (no teachers) distribution of specialism. 

 

Provide stimulus for description of teaching a key concept area (offer 
examples from the 5 key National strategy areas (Forces, Energy, Particles, 
Cells, Interdependence) 

  

(From pilot) 

Push for what would be said to set up activities, and how these activities 
would be carried out / arranged – look for descriptive ‘role play’ 
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When teaching pupils on an everyday basis are you able to approach 
concepts / ideas in this manner? 

 

Are there any factors that encourage you to approach teaching in this 
manner, or push you to approach things differently? 

 

Is there any difference between the way you approach teaching scientific 
concepts with different age groups? 

 

Is there any reason for this? 

 

Would you approach revisiting a topic differently to the first time it is 
encountered? 

 

Which people are most influential in your choice of teaching strategy? 

Why do these people influence you in this way. 

 

What circumstances most affect the way you teach? (Does this cover all 
areas – pupil, structural, accountability, school ethos? 

 

How free do you feel to make a free choice of teaching strategy? 

 

Has your approach to teaching such concepts changed since you started 
teaching? 

If so in what way and why? 

 

Show series of simple diagrams showing possible school cultural models – 
ask them to select the most appropriate for their school, and indicate their 
place on this model and then explain why. 

 

Any other associated comments / observations? 

 

Are you interested / willing to be involved in further interviews? 

 

Are you willing to have the researcher observe one or more science 
lessons at agreed times? 
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Appendix 8 - sample transcript of interview 

Interview Transcript 14.5.15 

 

Code: Researcher – R; Interviewee I 

 

R: For the purpose of this this, once we transcribe anything we’re recorded 
you will cease to be—you’ll be anonymized completely.  

I: That’s fine.  

R: As will any reference to the school. So although I will record that it is a 
West Midlands Comprehensive we won’t go any further than that. Ethically I 
need to make sure that I have proof that I’ve talked to you about the fact I’m 
going to anonymize everything, that’s why I’ve said that once I’ve started 
recording.  

I: Yeah, that’s fine.  

R: And this is part of my Doctorate, which I’m investigating all sorts of things 
to do with how science teachers operate and why they do things in a 
particular way, things like that. So I’m going to ask you some questions about 
that kind of thing.  

I: That’s fine.  

R: And then later on when I watch a lesson I’m hoping we’ll see a fairly 
typical science lesson. You said you’re talking about chemical change I 
think? 

I: Yeah, I hope we might be finished that topic by then but we’ll do something 
with year 8 anyway.  

R: Okay. I am going to work on the basis – and you can agree or disagree – 
that I have your consent to report the things that you say in an anonymized 
manner.  

I: You do.  

R: Is that okay? 

I: Yep, you do.  

R: Good. And report anything I see about your lesson in an annonomized 
manner. You will have the right to see my final report including any of that at 
the end, when I get to it, if you wish.  So be aware that I’ll transcribe this and 
you could have a look at that. 

I: Yeah.  

R: Will you please start off by telling me some basic, personal biographic 
data. As in your age, sex, how you’d define your ethnicity. Go on then, start 
with that,  

I: Okay, so I am a 27 year old white female.  
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R: And your qualifications. So what did you do as a degree and what route to 
teacher training did you do? 

I: Okay. I did my undergraduate degree between 2005 and 2008 at the 
University of Bristol and I studied straight chemistry. I then worked as a 
forensic scientist, chemist sorry, for a few years – about 5 years. I changed 
professions, I went on a PGCE course for chemistry which I studied at the 
University of Wolverhampton. One year course.  

R: And you finished that 9 months ago? 8 months ago? Something like that? 

I: Yeah. 9 months ago, something like that.  

R:  So you haven’t quite been a qualified teacher for a year.  

I: Yeah.  

R:  And so you’re on your NQT year at the moment.  

I: Yeah. I’m awaiting QTS status.  

R: What post do the school define you as holding? 

I: Science teacher.  

R:  Okay. That’s all great. Right. So could we do the same sort of thing about 
the school then? So this school, it’s an 11 to 18? 

I: 11 to 18, yes.  

R:  How many pupils approximately?  

I: It’s a pretty—as high schools go it’s pretty small. I think it is less that 600.  

R: That’s close enough for me. Designation —is it an academy?  

I: No.  

R: So it’s an LEA but it has a specialism.  

I: It is a sports college.  

R: Okay. Science department – how big is it? How many teachers does it 
have? 

I: We have—one, two, three, four, five six… We’ve got six science teachers. I 
think.  

R: Okay. And one full time and one part time lab technician?  

I: Yeah.  

R: The science teachers you’ve got, are the all employed as science 
teachers or are there a spread of specialisms within there or…? 

I: Um, they were all originally employed as science teachers, however one of 
the science teachers has sort of taken on a role – whether she wanted to or 
not I don’t know – of child development. So she splits her timetable probably 
about 60%/40% to science and child development.  

R: But you haven’t got any others split into physics, chemistry and biology 
officially?  
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I: Not officially. Only at A level do we go into our specialisms.  

R: Okay. At A level—what will it be at A level then? 

I:  So, we only teach—we only offer chemistry and biology at A level. We 
don't offer physics because we can’t get a physics teacher.  

R: Okay. So out of the six staff there isn't anyone you would define in that 
way as a physicist then? 

I: Nope.  

R: And of those six how would they split into chemistry and biology? 

I: So we’ve got—there are only two members of staff that teach—actually 
there are seven members of staff because [x] is on maternity leave. 

R: Yes, there’s one on maternity leave. Yes.  

I: And she’s only coming back part time as well. So we’ve only got three 
biology teachers at A level and three chemistry teachers at A level, of which I 
am one.  

R: Okay. No that’s great. And you’re actually teaching A level this year? 

I:  Yep.  

R: Good, good. I’m glad to hear that.  

I: I made that a stipulation of me joining.  

R: Yeah. I don’t need to know that for this but that’s good to know. Right. 
Let’s then talk about teaching science for a moment then. As we’ve said, I’m 
hoping to come and watch you teach but whether or not I was going to come 
and watch you teach if you think about when you approach teaching science 
lessons - particularly when you’re thinking about the big ideas, the main 
concepts or things like that – and hopefully you know what I mean when I talk 
about big ideas— 

I: I do.  

R: --if you were going to look at cells, or forces, or energy, or something like 
that. If you were going to teach a lesson on one of those areas how would 
you chose to approach that with your children? How would you choose to 
arrange your lessons? Are there any key principles or any things that you 
do? 

I: I think it is very dependent upon your class and knowing your class. So 
what I would do for one class I would do something very different for another. 
And I think that we’re very lucky in the sense that the schemes of work that 
we have been written by ourselves and we teach to address misconceptions 
all the way through.  So our scheme is based around addressing 
misconceptions, providing an alternative, and then building upon that. I’m 
hoping that at some point towards the end they will have—perhaps not 
moved away from their misconception, but may have a different idea or know 
what they think should be right perhaps. That’s how we’ve written the 
schemes of work generally, unless they’re old.  

R: You’ve said “we’ve” written, so have you written these schemes of work? 
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I: I’ve written some. We spread it out between the department.  

R: How rigorously do you follow the assumed work when you’re looking at 
what your lessons are going to be like? I’m thinking how much freedom do 
you have to move away in terms of the way you structure your lessons.  

I: If I start off teaching a lesson and I realise that absolutely it’s going 
nowhere, and they don’t understand, I’ll just scrap it and go an alternative 
way.  

R: Okay. But you do start off with the plan that’s in the scheme? 

I: Yep. Definitely, yeah.  

R:  Okay. Right, okay. Could you—you said a few moments ago that the 
class would determine how you would approach things.  Could you give me 
some for instances about what things you would do with different classes? 
Any things that are common, and any things that would be different for 
different classes.  

I: Any—Well, at this school I’ve found that differentiation for the lower sets is 
essential because their barrier to understanding what you’re actually asking 
them to do is literacy based. A worksheet that would be suitable for a top set 
is completely inaccessible for a lower set. And so, it’s really lazy, I literally 
handwrite helps and hints around the sheets – and I can show you examples 
of those – just to try and get them to see what the question’s asking for really 
because their literacy is that barrier for them. You know, they could 
understand the science but don't know what you want them to do. And also 
I’ve found that when they don’t understand behaviour becomes a problem, so 
in a way it’s trying to prevent having behaviour problems but also to try and 
make sure that they actually understand what I’m trying to do. So that’s one 
way.  

R: So what would be different about how you’d approach that with more able 
pupils? 

I: More able pupils— 

R: Are you saying you’d differentiate less? Because you mentioned 
differentiation when you talked about less able.  

I: Not differentiate less. I don't have to write that amount of help on the 
papers that they have in front of them, but they can cope with more—not 
aggressive but more—they can cope with a greater degree of verbal 
questioning where I push them further and further and further. So they can 
cope with being verbally challenged to think about what I’m asking them and 
you can push them further on. Whereas the lower sets it’s all too much, I’m 
asking them too much. I can do it one to one but I don’t have that luxury of 
being able to do that very often. So for me the way I extend my higher ability 
sets is through lots of verbal questioning on the spot, hands down, by name, 
and also I will just make harder questions with tougher literacy actually.  

R: Okay. So what sort of—I mean, if we think about what was the last lesson 
you can think of doing that was about a big idea? 

I: Big idea. At key stages 3 or key stage— 
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R: Either, I don’t mind.  

I: We’re doing chemical reactions at the moment.  

R: So in the last lesson you can think of doing on chemical reactions what 
sort of activities did you get the children to do? 

I: They did a practical, which was based on oxidation. They created—they 
had four test tubes with iron nails in and they had four different conditions 
and then they did oxidation and—not oxidation, endothermic and exothermic 
reactions. They did some little reactions as an example of either.  

R: Okay. How did you arrange them to do those practicals? What’s the—how 
did you—what was the procedure for them like compared with you and them? 

I: Theory first, then questioning to see whether they understood what the 
purpose of the practical was because that’s something that I do. Because I’ve 
found that you can get through a whole practical and get to the end of the 
lesson and the kids haven’t got a clue what they’ve done it for. So always 
before that I make them read the method and ask them questions. Why are 
we doing this, what are we hoping to see? They make—I follow – well, I do 
this quite a lot – predict, observe, explain, so they all write down predictions 
and then they’ll do the experiment, write their observations, I’ll then stop them 
mid-way, ask for a few observations – and I can push literacy that way by key 
words – and then at the end we’ll pack away and I’ll get them to write their 
conclusions or explanations. That’s how it works when it all goes well. But 
obviously sometimes with time constraints and what not… 

R: How do you group the children? 

I: Mixed. Because I— 

R: Are they in groups or are they individual? I’ve just thought. Do you— 

I: They are setted, but I’ve got quite a wide range of ability in my groups, 
especially in my year 8s which is what I’m thinking about. And I have them 
mixed because I’ve found that we’ve got quite a few lads that are low ability 
but have got a high practical ability, and they support the more academic but 
weaker practically students. So it’s a lovely mix actually.  

R:  Okay. And so you would link those different sectors of pupils together 
when they’re— 

I: Yeah. Yeah, always mix. I never-- there is some benefit of having higher 
attainers working together because it means they get pushed, but overall it 
just leaves behind the weaker in the class. And actually I think the top end 
are likely to become complacent.  

R: Okay. So you make that choice because you feel that's the best way to 
support the lower ability. 

I: Yes, generally. Yes.  

R: Okay.  

I: And I find that the higher ability just become complacent. But do get 
pushed on by each other.  
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R: Broadly speaking how do you go through your procedures for your 
practicals? What sort of—I don’t want to lead you on any of this. How would 
giving out the instructions for the activity be and what sort of—how would that 
be? 

I: I would usually—I’ve found that we’ve got lots of kids in the class that can 
take verbal instructions, and they can listen, they can take it in, but lots of 
kids like to see. And also, you know, at lower years they don’t necessarily 
know what a conical flask is, and a beaker is, and stirring rod, and what not, 
so I physically pick things up and almost do a little run through of the 
experiment, a little demonstration. And I also coordinate—I never give out the 
equipment, I always just make—essentially get the children to do it for me 
and collect it in and count it so it gives them some responsibility, but also it’s 
my way of micromanaging them really.  

R: Okay. I didn’t ask you, what sort of group sizes? You said you might link 
pupils together, but how many pupils would you tend to get working together? 

I: Threes.  

R: Because? 

I: In a four there’s always one sat down, not paying attention, which goes 
against the rules. In a two sometimes you get one dominant figure doing all 
the work. In a three you can sometimes have that happen, but not as often. If 
we can get them to work in threes we do. But it’s all about class sizes. And 
also behaviour plays a role as well, so, you know. I would love it if all my kids 
were allowed to work in threes but in the real world we’ll have kids that aren’t 
allowed to work with each other and so you do get twos. And it works okay 
but it’s probably not the best.  

R:  Have you got equipment constraints on that that determine size of the 
groups? 

I: Sometimes. Not all of the time though. Most of the time— 

R: You can do what you— 

I:  We can do what we want, yeah. It’s a very well managed department.  

R: Okay. That’s all good, all great. Super, thank you. What you’ve described 
as how you chose you would like to do your lessons would you say most of 
the time you are able to do your lessons in that way when you want to?  

I:  Yeah. Most of the time I am, yeah. I would say the only time that I avoid 
doing things like that is when I’ve made an active decision because of 
behaviour.  

R:  Okay. And, just to recap then, when you do make a decision because of 
behaviour how does it change? 

I: If it’s practical based, students really enjoy practicals. They remember 
more generally– especially the lads – they remember more about the science 
if they do a practical. They enjoy the practicals more, they’re keen to do 
practicals, and I actually use the threat of removing a practical as a way of 
sanctioning the class, or the threat of a sanction. So when I remove a 
practical and change my plan of a lesson it is usually – I don’t want to say 
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punishment – but it is-- it’s a sanction. And they would do an activity that is 
probably more book based. Well not book based but, I would say it’s usually 
more extended writing and forcing them to think about what actually they 
could have done first hand.  

R: Okay. You may feel you’ve covered this, but you may not. What are the 
things that encourage you to teach in the way that you do, or have 
encouraged you to teach in the way that you do and make the choices you 
do? 

I: I think encouragement to teach the way that I do is because I see very 
good and very effective teachers around me who teach in a way that I would 
aspire to teach like and therefore I’ve tried to emulate them which has quite a 
powerful influence. I also think that practicals create a memory hook. Even if 
it’s that something has gone wrong in the practical, somebody’s smashed 
something or somebody’s put the wrong chemicals together, they remember 
it. And I also think it’s a nice change. Even the time of day can change how 
I—I will always tend to plan practicals for afternoons because the kids are 
restless and they want to be up on their feet. And I think that is actually—you 
could fight all afternoon trying to get kids concentrated and on the ball and 
actually you could do it through a practical. It can be less planning as well.  

R: So the reason why you approach—you try and teach in the way you’ve 
described is mainly to do with other staff around you in school that you’ve 
seen. Is there anything else that might have driven you to teach that way? 

I: It was the way I was taught to teach.  

R: Okay, your teacher training course.  

I:  Yep.  

R: So that came through. So you’re saying there is a tie-up between what 
you saw on your training course and what you’ve seen in school. 

 I:  Yeah definitely. And those kids-- and those that didn’t do practicals, I felt 
like they lacked the necessary skills to be able to put abstract thought into 
practical everyday experiences. It made it harder for them I think. 

R: Are there any influences that might push you to teach things in a different 
way to that? Are there any things that you have to hold against, that might try 
and stop you teaching in that way? 

I: I think if—No not really. In fact no. I don’t feel pressured to change the way 
I teach at all in the school.  

R:  Okay. Is there ay difference in the way you approach teaching different 
ages of pupils? 

I: Yeah, a massive difference.  

R: For instance? 

I: With my key stage 3 kids I micromanage. I will manage every aspect of the 
lesson. I create routine because they are still very little and they need that 
constant reinforcement and they need patterns and they need routine and 
they need to know where they stand and they need to know the different 
stages of the lesson. And I don’t really use that much humour with them in 
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terms of behaviour management and just general teaching. Whereas  as 
soon as they get to year 10 they’re a bit more mature, and year 11 and sixth 
form. I teach in a completely different way.  I use lots of humour. It’s still a 
structured lesson but it’s more fluid. And I’ve found that if you can—it’s just 
different. It just feels different and I feel different when I’m teaching.  

R: The way you structure your activities, is that at all different? 

I:  Yeah. When they get to year 10 and 11 they are far less willing to work 
with people that they just do not get on with. Whereas year 8 and year 7 you 
can bully them to work with whoever they’ve got to work with. And they’ll 
accept that on the whole. There’s always exceptions. Actually what you do is 
I end up giving the trust to them. The onus is on them and then whoever they 
want to work with—You know, I let them talk about activities they enjoy, 
which ones do they think they learn the most from, if I agree and the results 
suggest that then I will allow that. I give them a bit more independence to tell 
me what works for them. And I try and come to some overall middle ground 
really.  

R: Okay. When you revisit topics – maybe revision, but when you know it’s 
been covered before – do you do things differently to the way you would 
approach something the first time you come across it? 

I:  Yeah usually. And it’s usually by the time we come to go over a topic again 
or touching on a topic again we don’t tend to do the same practicals. And 
that’s a time constraint really. I’m sure repeating the practical would be useful 
for them because there’s another layer of memory, but it’s usually time 
constraints. And we do a lot of practice papers, because we do – whether it’s 
right or wrong – we do teach them to pass and exam. So that’s what we do. 
So it's more exam heavy.  

R:  Okay. Right, well, we’ll go off in a slightly different direction – or start off in 
a different direction. Which people are the people who have been most 
influential in determining how you teach? 

I: Without a doubt the teachers in this department. And the more experienced 
teachers in this department, because I’m very lucky in the sense that without 
a doubt the best department—the best department for teaching and learning 
is science at this school. I’m lucky with that.  

R: So you mean head of department.— 

I: Head of department… 

R: Those sort of— 

I: Yeah.  

R: Okay. And the reason why the influence you is because of what your 
perception of their practice is? 

I:  My perception of their practice and my outside view of what the students 
think and what the students get out of their lessons.  

R: Okay. Are there any other circumstances that affect the way you teach? 
You’ve mentioned behaviour. Are there any other things that -whether it be 
structural, senior staff, ethos type things – that… 
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I: We are—I think we are a school that—well, we are a department where 
there is no room for laziness really. In the sense that the head of department, 
deputy head of department, third in department all are very proactive 
teachers. They have lots of resources, they know what a good lesson is, and 
they know what a lesson where significant progress is made. And I think the 
emphasis is that if they can do it then everyone else can do it. And I think if I 
was ever to turn up—if I ever came in on the idea that I was able to turn up 
and teach – is it didactically? – from a board all lesson just talking at the kids, 
that would never ever be okay. It’s varied activities and I think because they 
do it, it sets and example that it is expected.  

R:  You said something interesting there. You said they know exactly what a 
good lesson’s like. So what would you—how would you give a quick, easy 
definition of what that lesson would be like then? One of these good lessons.  

I: It’s—it depends on the class.  

R: Ah right okay.  

I: So, like, you know, I’d say they’re realistic. For some classes a successful 
outcome is having the end of the lesson where everybody has managed to 
stay in the lesson and not be sent out. Whereas in other lessons a successful 
lesson is where the whole class has made significant progress, and that they 
have understood a key concept of part of their exam syllabus.  Or they’ve laid 
the foundations for a next lesson for them to move on to something more 
challenging. And I think the teachers—the senior teachers and staff here 
know how to do a good OFSTED lesson, but also how to do high standard 
everyday good lessons without it being all show and whistles like with 
OFSTED. 

R: Okay.  How—has your approach to lessons changed over the time you’ve 
been teaching? 

I: Yeah, yeah. I now focus more—I worry less about covering the same 
amount of content as I would have originally tired to. So I worry less about 
trying to pack things in and I pay more attention now to fitting less stuff—I put 
less stuff in a lesson but I try and teach the kids a concept two or three ways 
in one lesson, because I’ve found that that’s what the students at [?] need. 
And it could be completely different at a different school.  But I am less 
ambitious about what I achieve in one lesson. I’m perhaps more realistic. For 
this school’s kids.  

R: Okay. Right. Let me think about, there was something I was going to ask 
you when you think about what the school’s like. I’ve got here some diagrams 
that show models of what it might be like in a school in terms of culture. I’ve 
got five different models. What I would like you to do is have a look at them 
and then rank them into which one you think most represents what the 
culture in the school is like and which ones least do.  

I: As a school or…? 

R: Well, if you wish—if you think there’s a difference between the school and 
the department you might do it twice, one for each.  

I:  Okay, let me just read. You see I don’t think—collaborative culture is the 
one that I am most inclined to see that the department is like, the only 
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difference is that I believe that it is structured rather than unstructured. So 
that’s—collaborative culture is the one that I think represents science the 
most. 

R: Which one would least represent science? That might be a hard question. 

I: Probably moving mosaic.  

R: Okay. Right, what about the school then? 

I: This is harder. Probably contrived collegiality.  

R: That’s the most what the schools like? 

I: It’s not a good fit, but it’s the most.  

R: Because? Do you want to sort of expand on that a bit? 

I: I think our outcomes are very much expected by our management. And I 
think that we are ordered from above really, and group working can often be 
imposed.  

R: Okay. Are there any aspects of any of the others than relate to either the 
department or the school? 

I: Well in the department and school there’s definite autonomy.  

R: Right so autonomy which is in number one, the fragmented review. You 
say there’s quite a lot of autonomy in the school? 

I: Mmhmm.  

R: Okay, and autonomy in the department? 

I: Not as much.  

R: Okay. Anything else you’d like to pick up that you can see that relates to 
something you’ve experienced? 

I: I think there’s quite a degree of uncertainty in the school and I think 
teachers do feel vulnerable for various different reasons. But that might just 
be the culture of schooling at the moment, and education. So yeah, that’s all I 
can pick out really.  

R: Alright. No, that’s great. Is there anything else, based on what we’ve been 
talking about, that you want to come back on or add to or change? 

I: No. That’s fine.  

R: We’ve already talked about me coming to watch a lesson. If I also follow 
up and have another interview at some point you’d be happy for me to do 
that? 

I: Yeah, that’s fine.  

END OF RECORDING. 
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Culture models chosen: 

 

View of dept.:  

 

 

View of school: 
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Appendix 9 - overview tables of all interview data (part 1) 
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Appendix 9 - overview tables of all interview data (part 2) 
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Appendix 10 - sample lesson observation matrix (completed in real time during lesson): 
 

Year group: y8   

Topic: Cooling curves   

No Pupils (m/f): 27 (15/12) plus 1 LSA 

Lesson times: 10.05-11.05   

 

Time log 
(mins) Teacher activity type: Pupil activity type: Learning type: Notes: 

Start 
10.05 Xx Xx xx   

7 Greeting pupils at door Passive waiting for start Behaviourist pupils arrive 

9 Greeting pupils at door Passive waiting for start Behaviourist pupils arrive 

11 
Initial instructions - arranging pupils, 
discussing starter question Listening - individual answers Behaviourist Pupils sat by plan - boy-girl 

13 Q&A whole class individual responses Listening - individual answers Constructivist Discuss what happens in a material as it changes state 

15 Q&A whole class individual responses Listening - individual answers Constructivist Discuss outcomes & lesson structure 

17 Q+A multi groups then indiv write multiple individuals contribute ideas Social Constructivist Discuss board image of solid/liquid state changes 

19 Teacher circulate, discuss, prompt Writing Constructivist individuals write meanings of state changes 

21 Teacher circulate, discuss, prompt Writing Constructivist individuals write meanings of state changes 

23 Q&A whole class individual responses multiple individuals contribute ideas Constructivist Q&A discussion - evap & boiling 

25 Q&A whole class individual responses multiple individuals contribute ideas Social Constructivist Q&A discussion - evap & boiling 

27 Teacher circulate, discuss, prompt Writing Constructivist Intro practical - writing table of results 
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Appendix 10 continued - sample lesson observation matrix: 

 

Time log 
(mins) Teacher activity type: Pupil activity type: Learning type: Notes: 

29 Teacher circulate, discuss, prompt Writing Constructivist Intro practical - writing table of results 

31 Talking to individuals Social – peers Social Constructivist working in pairs, collect apparatus 

33 Whole class instructions passive setting up / waiting Behaviourist working in pairs, setting up apparatus 

35 Whole class instructions passive setting up / waiting Behaviourist working in pairs, setting up apparatus 

37 Teacher circulate, discuss, prompt practical chosen groups Social Constructivist Starting practical 

39 Teacher circulate, discuss, prompt practical chosen groups Social Constructivist practical (melting ice, recording temps) 

41 Whole class instructions passive setting listening Behaviourist pause in practical (melting ice, recording temps) 

43 Teacher circulate, discuss, prompt practical chosen groups Social Constructivist practical (melting ice, recording temps) 

45 Teacher circulate, discuss, prompt practical chosen groups Social Constructivist practical (melting ice, recording temps) 

47 Teacher circulate, discuss, prompt practical chosen groups Social Constructivist practical (melting ice, recording temps) 

49 Teacher circulate, discuss, prompt Drawing Graphs, chosen groups Social Constructivist Graph drawing 

51 Teacher circulate, discuss, prompt Drawing Graphs, chosen groups Social Constructivist Graph drawing 

53 Teacher circulate, discuss, prompt Drawing Graphs, chosen groups Social Constructivist Graph drawing 

55 Teacher circulate, discuss, prompt Drawing Graphs, chosen groups Social Constructivist Graph drawing 

57 Teacher circulate, discuss, prompt Drawing Graphs, chosen groups Social Constructivist Graph drawing 

59 Teacher circulate, discuss, prompt Drawing Graphs, chosen groups Social Constructivist Graph drawing 

61 Talking to group Listening - individual answers Constructivist Display sample graph (visualizer) 

63 Talking to group Listening - individual answers Constructivist Discuss why do we get flat bits on the graph? 
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Appendix 10 continued - sample lesson observation matrix: 

65 Teacher circulate, discuss, prompt  writing individuals Constructivist Label sample graph 

67 Teacher circulate, discuss, prompt  writing individuals Constructivist Label sample graph 

69 Teacher circulate, discuss, prompt  writing individuals Constructivist Label sample graph 

End Talking to group Listening Behaviourist tidy  exit 

        

Notes: Many graphs do not show the expected shape - initial temp 
is mostly 6 Celsius or more, temps go up erratically till all ice 
melted, pupils often move thermometers changing readings. Top 
temp is mostly 106 Celsius or more when boiling, time to draw 
graphs is cut short due t lesson timing. 

        
Practical groupings appear to be single sex self chosen peers, 
normal seating plan is mostly boy/girl 

 

Overview of activity types:      

talking to group Listening Behaviourist 

talking to individual Writing Constructivist 

asking questions to group Practical Social Constructivist 

asking questions to individual social chosen groups Socio-cultural 

on own social with peers other 

on PC Unengaged   

Demo Other   

Other     
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Appendix 10 continued - sample lesson observation matrix: 

 

Overview statistics frequency % 

Behaviourist 5 16.1 

Constructivist 12 38.7 

Social Constructivist 14 45.2 

Socio-cultural 0 0.0 

Other 0 0.0 

Total 31 100 

 


