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Alison Francis Black Abstract D.Phil.

Green College Trinity Term 2004

Understanding the Teaching of Biology at A level

This research focuses on uncovering, from the perspectives of practitioners 
themselves, the practical knowledge and understanding that shapes three teachers' 
successful teaching of biology at A level. Adopting a case study approach, it 
investigates the ways in which these biology teachers characterise their successful 
teaching of the subject at A level. It also explores the subject matter knowledge and 
understanding that shapes and accounts for these characterisations without making 
assumptions about the nature of this knowledge.

Data are collected through the non-participant observation of a connected series of 
the teachers' A level biology lessons as well as informant-style interviewing following 
the observed lessons.

The findings suggest that the main aim of the teachers' successful teaching of 
biology at A level is to ensure their students achieve examination success. In light of 
this, their teaching can be characterised in terms of three central features. First, they 
believe that to achieve this aim their students only need to know the substantive 
dimension of biological knowledge - they do not consider knowing the syntactic 
dimension to be a prerequisite to examination success. Second, they believe that 
their students need to conceptualise this substantive biological knowledge in several 
patterned ways. Third, they believe that the best way to encourage their students to 
develop and retain these specific conceptualisations is by adopting carefully 
controlled and highly structured teacher-centred pedagogical strategies. The 
teachers' characterisations appear to be shaped and accounted for by specific 
conceptions of biology which provide an overall structure to substantive biological 
knowledge - a structure that is determined by various guiding principles.

This research provides a first attempt to map out the practical knowledge and 
understanding that shapes the successful teaching of biology at A level from the 
perspectives of teachers themselves. The ways in which these teachers characterise 
their teaching differ significantly from the ways in which such teaching is described in 
most of the extant literature in science education on teaching and learning. This 
study suggests that the teachers, far from lacking in knowledge, skills and 
understanding, are highly skilled practitioners who respond to the local and national 
contexts in which they work and, taking account of these, shape their subject matter 
teaching accordingly such that their main aim - student examination success - is 
achievable. This study highlights the discrepancy between academic writing in 
science education on practice and practice itself. The thesis ends with a 
consideration of the implications of the study for the research agenda in science 
education, the school science curriculum and the curriculum for teacher education in 
both preparing and supporting the professional development of science teachers.
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Transcription instructions

Quotations from primary data are presented in many of the chapters in this thesis. 
The primary data is presented as transcriptions of lesson and interview audio tapes. 
Since transcriptions are not representations of reality but rather artificial constructions 
and their production involves a series of judgements and decisions, a set of clear 
instructions for notating them was produced and followed throughout the transcription 
process. These notations are set out in the following pages to assist the reader in 
interpreting any primary data found in the chapters of this thesis.

Many of the instructions followed when transcribing the lesson and interview 
audiotapes were taken from those suggested by Ogborn et al (1996, p. vi). These 
are outlined below:

  Full stops (.) and capitalizing initial letters of new sentences are used to create a 
'written' version of the speech, where the speech without them would be tiresome 
or puzzling to read.

  Dashes (-) indicate places where the speaker abandons one way of expressing 
something and starts again, or where an aside is inserted. A dash is also used 
for an uncompleted word (for example, 'Hen -' where a speaker might start to 
address 'Henry' but then switches to another name).

  Commas (,) indicate places where the listener feels a pause, even if there is no 
actual pause, because an idea is being extended or repeated. Sometimes there 
will be an audible pause.

  Question marks (?), used at the end of an utterance or after a word (e.g. 'OK?') 
indicate a questioning intonation. A question is being asked or implied.

  [ ] indicates a noticeable pause or hesitation, longer than those of the speaker's 
habitual rhythms.

  [?] symbolizes a device quite often used by teachers - a hanging questioning 
space at the end of an utterance, which expects an answer which would 
complete the utterance (as in 'So this is called a [?]').

  Where turns to speak are taken normally, each speaker's text begins with a 
capital letter. Where one person interrupts another, the first speaker's transcript 
is broken off without a final punctuation and the interruption is inserted without an 
initial capital letter.

  A special pace and intonation is used when dictating or when giving something 
particular emphasis. This has not been represented textually, but notes in 
parentheses indicate where it occurs. Words 'spelt out' are printed with spaced 
characters.

  Occasionally italic type is used to indicate the stress, where there is otherwise 
ambiguity (for example, 7 do' versus 'I do').

  The teachers and students are identified by pseudonyms, which remain the same 
throughout the thesis.
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In addition to these I also adopted some of my own notations. They are identified 
below:

  Laughter is indicated by the following symbol (**).
  When the tape is unintelligible the following symbol is given [A ].
  Comments written in italics inside square brackets indicate what the teacher 

and/or students are doing at a particular point in time, in the lesson or interview, 
in order to give information to the reader to help him/her make sense of the 
transcript.

  In vignette interviews, text in normal type indicates the teacher or interviewer's 
comments during the interview and text in bold type indicates the teacher and/or 
student's comments in the lesson.

  Occasionally, apostrophes are used to help clarify the meaning of the transcript. 
For example, in post-lesson interview 2 Catherine is talking about an instance of 
her good biology teaching where she encourages her students to hold a maggot 
and tells them that maggots respire in the same way as humans. In the interview 
she repeats various comments she made in the lesson (e.g. 'I said 'this organism 
is doing exactly the same as you'). These comments are put in apostrophes to 
help the reader appreciate their sense within the transcription produced.



In memory of Bump Number One and Grandpa Malthus 

This thesis is dedicated to my son Owen



Chapter One 

Introduction

This chapter comprises three sections. The first section introduces and explains 

the background to the study. For readers unfamiliar with the English, Welsh and 

Northern Irish system of post-16 education, the second section presents a brief 

overview of the A level context at the time of the study, with particular reference to 

biology. The third section provides an overview of the remainder of the thesis.

Autobiographical context

This study's focus upon the teaching of biology at A level relates strongly to my 

background in the teaching and learning of the subject. After a first degree in 

Human Sciences I went on to train as a science teacher with a specialism in 

biology. During my training year, I became actively involved in the teaching of 

biology at A level. In these lessons, gone were the classroom management 

issues I faced with my Year 9, 10 and 11 1 . Instead, I found myself able to 

concentrate solely on the teaching of the subject I love: biology. But it was then that 

my challenge really began - how was I supposed to successfully teach seventeen 

Year 12 students biology at A Level? I spent some time observing my mentor 

interacting with the A level biology class I would teach. She was considered, by 

staff and students alike, to be an excellent biology teacher and I wanted to know 

what she did and why she did these things when, in her opinion, she felt she was

1 The reference to Year groups in this thesis refers to a body of students of a particular age 
studying a particular curriculum. Typically in England, Year 9 refers to students aged between 
13 and 14, Year 10 refers to students aged between 14 and 15 and Year 11, the last year of 
compulsory schooling, refers to students aged between 15 and 16. Years 12 and 13 refer to 
students aged between 16 and 18 who are studying non-compulsory courses such as A levels.



teaching biology well. I wanted to know what I needed to know about biology in 

order to do these things. Did I, for example, need to develop a particular 

conception of biology in order to teach it well? In short, so that I could grow and 

develop as a practitioner, I wanted to know what it was that made her so good at 

getting her students to learn successfully so many complex biological ideas. I 

frequently quizzed her after lessons about what she had been doing and, in 

addition, turned to the science education literature to investigate what it had to say 

about the effective teaching of biology.

Research into the effective teaching of biology appeared to be a popular area of 

work and I explored an abundance of studies. As I read, however, three things 

struck me. First, whilst there was a plethora of studies presenting various 

resources, experiments and approaches to teaching biology there were no 

accompanying descriptions of how they might be used successfully in the 

classroom. As a beginning practitioner this was puzzling to me; how might I use 

chequerboard diagrams for teaching Hardy-Weinberg (Buck 1986)? What sort of 

knowledge did I have to acquire and what sort of thinking did I need to do in order to 

develop some of these ideas myself?

Second, many of the resources, experiments and approaches to teaching biology 

suggested by the studies seemed to be based upon the anecdotal evidence of 

practitioners and teacher educators (e.g. Ash 2001; Pickering 1999a, 1999b; 

Eltringham and Lock 1998; Lester and Lock 1998; McTiffin 1996). Indeed, there



appeared to be a scarcity of rigorous evidence supporting the claims made by 

these studies.

Third, many of the studies I came across seemed to prescribe what researchers 

believed biology/science2 teachers 'ought' to do in the classroom in order to teach 

biology/science effectively (e.g. Clement et al 1989; Bentley and Watts 1987; 

Screen 1986). Over the years, however, such prescriptions seemed to have had 

little effect on classroom practice. Perhaps these prescriptions do not work in the 

complex context of the classroom?

As my PGCE year continued, I came across the writings of Donald Schbn (1987, 

1983). The basic tenet of his work is that the knowledge and understanding that 

shapes professional practice is different in nature to academic knowledge. 

Professional practice is not, therefore, the application of theoretical knowledge to a 

practical context but rather the exercise of another type of more practically based 

knowledge. Schbn's thesis had a profound effect on me and I hypothesised that if I

2 It is important to explain the reason for, at times, the introduction of the term 'science' in 
conjunction with 'biology' - e.g. biology/science - in the main text. Whilst there is a body of 
research literature specifically exploring the teaching of biology, a larger body of research 
literature has explored and continues to explore the teaching of science in general. In this 
context, the term science embraces the subjects of biology, chemistry and physics. In the main 
text, therefore, the reference to biology/science signals research that has focused on a 
combination of the three sciences as opposed to focusing solely on biology. Since biology is a 
science and therefore shares similarities with chemistry and physics, by implication the results of 
these studies are considered significant to this research project.



was to uncover what I needed to know in order to teach biology at A level well, it 

might be this practical component of biology teachers' knowledge that I would need 

to tap into.

I investigated the literature exploring teachers' practical knowledge. Of particular 

interest was the work of Brown and Mclntyre (1993) who explored the practical 

knowledge of a number of teachers and discussed in detail the methodology they 

developed to access this knowledge and the findings that emerged from their 

project. From an exploration of the literature investigating teachers' practical 

knowledge, however, I found that whilst many studies had been undertaken they 

had tended to focus on the practical knowledge and understanding shaping the 

generic aspects of teaching rather than the teaching of specific subjects. Little 

research had been done in the science subjects and a thorough search revealed 

none in biology. Consequently, my analysis of the science education literature, my 

introduction to the teachers' practical knowledge perspective and my desire to 

teach biology well provided the stimuli for this research.



The A level biology context

A levels provide a course of study equipping post-16 students with an education in 

a variety of subjects (e.g. biology, chemistry and maths) either as a basis for further 

study or as part of a broader education. Idolised as the 'gold standard' of English, 

Welsh and Northern Irish education (Tomlinson 1993) they persist, despite many 

attempts at reform (e.g. Department of Education and Science/Welsh Office 1988 - 

The Higginson Report), as an integral facet of post-16 education in England, Wales 

and Northern Ireland.

At the time of this study3 eight different examination boards providing A level biology 

syllabuses existed within England, Wales and Northern Ireland. The A level biology 

syllabuses used by the teachers in this study were AEB4 and NEAB5. Each 

syllabus contained a compulsory subject core mandated bySEAC6 . Outside of this 

subject core, the examination boards were free to select the content they deemed 

appropriate for students to study at A level. Despite these differences, the general 

aims and assessment objectives of the syllabuses shared much in common. 

These are outlined overleaf.

3 The research that formed the basis of this thesis was undertaken in 1997 before the changes 
to post-16 education in England, Wales and Northern Ireland in 2000 came into effect.

4 The Associated Examining Board (AEB), Stag Hill House, Guildford, Surrey GU2 5XJ
5 The Northern Examinations and Assessment Board, 12 Harter Street, Manchester, M1 6HL
6 SEAC stands for Schools Examination and Assessment Council. This has now been 

amalgamated into QCA, the Qualifications and Curriculum Authority.



Aims

There were six overriding aims common to each syllabus. These were to:

assist students to acquire knowledge and understanding of biological concepts

and principles;

assist students to acquire the ability to apply concepts to explain unfamiliar

phenomena and information;

assist students in developing a scientific approach to the solving of problems

including, for example, forming hypotheses and predicting outcomes;

assist students to develop the skills necessary to work safely with apparatus,

biological material and organisms;

assist students to recognise and evaluate some of the social, environmental

and economic effects, and political, ideological and ethical implications of the

applications of biological science;

provide a scientific training, either as an end in itself or as a foundation for more

advanced study.



Assessment objectives

The assessment objectives for the three syllabuses could be loosely grouped into 

three areas.

Knowledge and understanding

This included assessing the candidates' ability to:

. recall and show a knowledge and understanding of factual knowledge, theories

or generalisations, terminology, conventions, definitions, concepts, principles

and relationships; 

. show a knowledge and understanding of the social, economic, environmental

and technological applications of science and of related political and ethical

issues.

Application and analysis

This included assessing the candidates' ability to:

apply knowledge and understanding of models, theories, concepts, Laws and 

principles to solve problems in familiar and unfamiliar situations; 

analyse and interpret scientific information presented in a variety of forms.
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Investigation

This included assessing the candidates' ability to:

. formulate hypotheses and design feasible experiments to test them;

. investigate by means of experiment, make accurate observations and record

results; 

. analyse, evaluate and draw conclusions from the outcome of experimental

investigations; 

. select, critically evaluate, organise and present relevant information, ideas,

descriptions and arguments clearly and logically, taking into account their use

of grammar, punctuation and spelling.

In addition, candidates were also expected to have a basic understanding of 

various mathematical skills including the ability to display and interpret data and 

make simple calculations within a biological context involving percentage, ratio and 

scaling.

Assessment

Assessment for both the AEB and NEAB syllabuses took the form of either modular 

or end-of-course. Modular assessment involved taking examinations throughout 

the two-year course whilst end-of-course assessment involved taking 

examinations having completed the entire two-year course. In addition to written 

papers, both syllabuses involved centre-based coursework as part of the final 

assessment.



Overview of the study

This study is concerned with understanding more about how these syllabus aims 

and objectives are enacted by experienced A level biology teachers. In particular, it 

seeks to explore how biology teachers think about the organisation and 

representation of biological knowledge in order to teach it well at A level.

This thesis is organised into seven chapters. This first chapter has outlined the 

major stimuli for the evolution of this research and has provided some contextual 

information for those readers unfamiliar with the English, Welsh and Northern Irish 

system of A level study at the time this research was undertaken.

Chapter two begins by setting out more fully the intellectual context within which 

this research was undertaken and the previous research and thinking on which it 

built. To this end, it discusses literature from two fields of research - the science 

education research literature exploring the teaching of biology/science and 

literature investigating teacher cognition during interactive teaching.

Chapter three describes and discusses the research design of the study. In doing 

this it considers: the research approach adopted; the methodological principles 

underpinning the conduct of the study; the procedures for selecting cases and 

gaining access; and the procedures for the collection of data.
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Chapter four describes and discusses the ways in which the data of this study was 

analysed. In doing this, it considers the principles that underpinned the analytical 

procedures and the analytical procedures themselves.

Chapters five and six present the findings of this thesis. Chapter five provides rich, 

descriptive accounts of the three case study settings by presenting details 

concerning the three teachers, their respective students, the schools in which they 

worked, and the units-of-work7 they taught during the research period. Whilst 

setting out the contexts in which the teachers worked draws more on secondary 

than primary data, it is considered essential to assist the reader in making sense 

of the interpretations presented in chapter six, and in addition, providing plausibility 

and credibility to the interpretations offered.

Chapter six presents the three teachers' perceptions of their successful teaching of 

biology at A level. In particular, it examines the ways in which they believed their 

students needed to know the A level biology curriculum for examination success 

and how they worked to bring about the development of such knowledge in their 

students.

7 A unit-of-work refers to a series of lessons comprising a discrete part of the A level biology 
syllabus. For example, a discrete part of the Northern Examinations and Assessment Board 
(NEAB) syllabus is referred to as a 'topic'. A discrete part of the Associated Examinations 
Board (AEB) syllabus comprises a numbered section e.g. 3.9 The blood system of a mammal 
transports metabolites between exchange surfaces. Refer to Appendix A for an outline of the 
content comprising each teachers unit-of-work.
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Chapter seven discusses and relates the findings presented in chapters five and 

six to the three research questions posed in chapter three. It critically reflects upon 

the design and conduct of the research study, and finally, discusses the 

implications of the findings for policy, practice and research.
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Chapter Two

Review of the Literature

Introduction

This chapter sets out to consider more fully the intellectual context within which this 

research was undertaken and the previous research and thinking on which it built. 

To this end, there is a specific focus on the science education research literature 

exploring the teaching of biology/science and the research literature investigating 

teacher cognition during interactive teaching.

The chapter is split into three main sections. The first main section examines the 

four major traditions that explore the teaching of biology/science. The second main 

section reviews the research literature investigating teacher cognition during 

interactive teaching. It considers the most influential perspectives in recent years 

within this field of research. Both sections set out to review their respective 

literature by describing and evaluating the major findings of each 

tradition/perspective and by showing how the work of this thesis has been 

informed by and builds upon each of them. The third and concluding section 

locates the study given the intellectual context presented in sections one and two.
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Research into the teaching of biology/science

In the last forty years, a vast array of studies in the science education literature has 

focused on exploring the nature of biology/science teaching. An overall review of 

these suggests that there are four different traditions which highlight the particular 

emphases and interests of the individuals working within them. They can be 

identified as:

practising teachers and teacher educators sharing their experience and 

thinking about the teaching of substantive biological content knowledge; 

empirical studies exploring the teaching of substantive biological content; 

suggested approaches to teaching science based on conceptions of learning 

in science;

research investigating the role of subject matter knowledge and understanding 

in biology/science teaching.

Each tradition is considered in turn.

Teaching substantive biological content knowledge: practising teachers' and 
teacher educators' experience and thinking

The first tradition comprises practising teachers and teacher educators sharing 

their experience and thinking about the teaching of substantive biological content 

knowledge; knowledge that is taken to mean the facts, concepts, processes, 

principles and theories of biology. This tradition has been prolific in its output but 

the many studies can be grouped into four categories.
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The first category concerns studies describing possible resources for the teaching 

of specific biological subject matter. These resources can be classified into two 

groups. The first group embodies models, games and diagrams. Typical of such 

studies are those advocating the use of: air pumps for modelling the heart (Lee 

2001); plaster of Paris for modelling cell ultrastructure (Bushell 2001); dolly 

mixtures (Evans 2003) and rope ladders (Sindall 2003) for modelling DMA; aprons 

to study the structure and function of the human urino-genital organs (Eltringham 

and Lock 1998); various different games to help students make sense of 

photosynthesis, pollination and biodiversity (Bromley 2002), genes and alleles 

(Ash 2001) and reproduction, cells and digestion (Franklin et al 2003); 

chequerboard diagrams for solving Hardy-Weinberg problems (Buck 1986) and 

ready made revision aids for topics such as the Krebs Cycle (Pickering 1999a) and 

B vitamins (Pickering 1999b). The second group comprises articles describing 

and reviewing ICT1 resources which practising teachers might call upon in their 

teaching of substantive content. These include, for example, articles concerning 

useful websites (Baggott la Velle and Maddon 2003; Baggott la Velle 2003; Baggott 

la Velle 2002a; Baggott la Velle 2002b; Baggott la Velle 2002c; Baggott la Velle 

2001; Bailey 2001) and articles concerning useful software (Tsui and Treagust 

2003; Howarth 2003; Strange 2002; Annan 2000; Castells-Brookes et al 1999; 

Delpech 1999).

1 The abbreviation ICT refers to Information and Communication Technology.
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The second category comprises practising teachers and/or teacher educators 

describing experiments which demonstrate various biological concepts including 

behavioural kinesis (Morris 1999), circadian rhythmicity (Cheverton and Ebling 

1997), various properties of enzymes (Marques et al 2001; Meatyard 1999) and 

osmosis (Wood-Robinson 2001).

The third category embodies descriptions of particular approaches to teaching 

specific biological subject matter used by practising teachers or suggested by 

teacher educators. Examples include analogy when teaching about DMA 

(Srinivasan 1998), greater biochemical emphasis when teaching the Krebs Cycle 

(Akeroyd 1983) and using computer simulations when teaching complex concepts 

which include mathematical and graphical components such as population 

dynamics (Barker and Beare 1999).

The fourth and final category comprises a number of books dedicated to the 

discussion of biology teaching. These books reflect the experience of practising 

biology teachers and teacher educators. Generally they are broad in scope, 

focusing not just on the subject aspect of biology teaching but also considering 

wider issues such as general teaching and learning methods (e.g. using an OHP2 

in the classroom and using radio and television broadcasts). On the subject side 

of teaching biology they provide a wealth of useful suggestions for practice and

2 OHP refers to a piece of equipment called an overhead projector. This is a commonly used 
classroom teaching aid.
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outline detailed plans for the teaching of various biological topic areas (Reiss 

1999; Brown 1995; Dowdeswell 1981; Dallas 1980; Kramer 1975; Duvigneaud 

1964).

Although these studies provide an exhaustive and valuable resource base for 

teaching, what is common to them all is that they are limited in what they reveal 

about biology teachers' understanding of their teaching of biology. Whilst the 

studies describe the resources, experiments, approaches and plans that can be 

used when teaching biology, they do not describe and/or analyse in detail the 

interactive teaching that biology teachers deem necessary to implement them. For 

example, Pickering's (1999a and 1999b) articles include photocopiable resources, 

in the form of diagrams, which could be used by other teachers but no 

accompanying description of how they might be used in the classroom is provided.

Similarly, an article by Wood-Robinson (2001) provides detailed guidance for an 

osmosis practical but does not describe the interactive teaching required to 

implement the experiment in the classroom. For example, no suggestion is given 

of what the students might need to know before the practical, how it might be 

introduced, or the sort of help that might usefully be given to a student engaged in 

it.

Furthermore, what is common to all these studies is that they are limited in what 

they reveal about the subject matter knowledge and understanding that informs the 

use of these resources, experiments, approaches and plans in the classroom. For
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example, Srinivasan's (1998) article suggests the use of analogy as an approach 

to teaching DMA3 . However, no accompanying description of the subject matter 

knowledge and understanding of the teacher that shapes the use of this strategy in 

the classroom is given. Rather, Srinivasan states that 'one has to be familiar with 

both the subject and its metaphor' (p. 43). But what exactly do teachers need to be 

familiar with? In what ways do they need to know and understand DNA to use this 

approach successfully in the classroom?

Similarly, whilst the authors in Reiss' (1999) edited book suggest possible 

teaching routes for ten National Curriculum4 biology topics, no description or 

analysis of the subject matter knowledge and understanding informing these 

teaching routes is given. What, for example, do teachers consider they need to 

know and understand about biology to develop such sequences? Might they 

require particular conceptions of their subject? If so, what might these be?

3 This stands for deoxyribonucleic acid. This is a 'complex NUCLEIC ACID molecule found in the 
chromosomes of almost all organisms, which acts as the primary genetic material, controlling the structure of proteins and hence influencing all enzyme-driven reactions' (Hale et a/ 1995 
p. 213).

4 The National Curriculum applies to pupils of compulsory school age (5 to 16) in all maintained schools in England and Wales. Organised on the basis of four key stages it comprises 
compulsory subjects for which programmes of study set out what pupils should be taught and attainment targets set out the expected standards of pupils' performance.
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Overall, a review of this tradition reveals an extensive and valuable resource base 

for teaching. Nevertheless, it also highlights a paucity of literature that:

describes and analyses biology teachers' understanding of their classroom

action - that is what they do in the classroom and why they do these things

when teaching biology;

explores the subject matter knowledge and understanding that shapes this

teaching.

It could be argued that the studies reported in this section do not constitute 

'research' in the more conventional sense of the term since they do not have a 

strong empirical and/or theoretical base. However, a handful of studies have 

investigated the teaching of substantive biological content through empirical work. 

Collectively, these studies form the second tradition within the science education 

literature exploring the teaching of biology/science and are discussed next.

Empirical studies exploring the teaching of substantive biological content

Common to the studies within this tradition is a concern, through empirical work,

with investigating the effectiveness of one or more different approaches to teaching 

substantive biological content. The work of Gayford (1984) is a typical example of 

this genre. Gayford examined the influence of teachers' use of biological 

terminology - that is the 'old' style of diffusion pressure deficit or the 'new' style of 

water potential - on students' understanding of water relations in vacuolated plant 

cells. Forty-four randomly selected schools formed the site for Gayford's research. 

In these schools, 543 students were taught the topic of water relations by their



19

biology teachers - the teachers using whichever terminology they preferred. The 

students' understanding of the concepts involved was subsequently assessed by 

a standard test. The test was designed to determine which pupils had been taught 

the topic using the 'old' terminology and which using the 'new'. Gayford analysed 

the test data and found that Those who had been taught using old terminology 

consistently obtained slightly poorer marks than those who had been taught using 

the new' (p. 155) - although no tests of statistical significance were performed. 

Gayford implies that these results show that the 'new' terminology is more effective 

for pupil understanding of water relations in a vacuolated plant cell than the 'old'. 

There may well, however, be alternative explanations for these results. It might, for 

example, have been the case that those students taught the topic areas using 'old' 

terminology were lower in ability than those taught using 'new' terminology. 

Furthermore, in general, the teachers teaching the topic area using 'new' 

terminology might have been more 'effective' in bringing about students' learning 

than those teaching the topic using 'old' terminology irrespective of the terminology 

they used. Therefore, before accepting Gayford's findings wholeheartedly, it would 

seem that there is a need for further empirical work that takes account of these 

potentially confounding variables.

Killermann's (1996) work provides an additional example of research typical of this 

tradition. In his study, Killermann investigated the efficacy of four different methods 

used to teach biology - laboratory activities, fieldwork, use of live animals, and 

educational television programmes - through four different controlled experiments. 

One of these - testing the efficacy of laboratory activities in developing Year 5
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(10-11 years old) students' and Year 7 (12-13 years old) students' understanding 

of water balance in plants - is discussed in more detail as an exemplar of his 

research. In this study, three large groups of students from Year 5 and Year 7 were 

assigned to a treatment: experimental group one involved students carrying out the 

experiment themselves; experimental group two involved the teacher 

demonstrating the experiment; and the control group involved a presentation on the 

same theme without experiments. The students were given a pre-test to assess 

their knowledge of the topic in question before the experiment, and were then 

taught according to their treatment group. They were tested immediately after the 

treatment period, and again some days later. The results indicate that 

experimental work -whether students' own or teacher demonstration - leads to a 

greater increase in knowledge of water balance in plants than no access to 

experimental work at all. For the fifth graders, knowledge increase in post-tests 

was significantly greater for groups experiencing experimental work - whether it be 

through students engaging in the practical work themselves or through teacher 

demonstration - in comparison to the control group. For seventh graders, 

knowledge increase in post-tests was significantly greater for the groups 

experiencing experimental work through teacher demonstration rather than for the 

other two groups.

The sample size for Killermann's study was large (605 students) and he identifies 

the need for this as an attempt to 'try to minimise the effect of extraneous factors 

such as the time of day, or the differing level of engagement of the class' (p. 335). 

No information, however, is provided about the ability level of the students or the
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teacher teaching the groups. Were the groups matched for ability or randomly 

assigned? Did the same teacher teach all three groups? Without answers to 

these questions, Killermann's results cannot be accepted wholeheartedly and his 

claims, therefore, need further empirical testing.

While there are methodological limitations to the work of both Gayford (1984) and 

Killermann (1996) their research does offer useful suggestions to teachers of 

biology. For instance, Gayford's study indicates that it might be better to teach 

water relations in plant cells at A level using the terminology of water potential 

rather than diffusion pressure deficit; a position that has been widely adopted in 

schools. Furthermore, Killermann's research suggests that experimental work 

improves students' knowledge of water balance in plants.

Whilst the studies within this tradition suggest that certain approaches to teaching 

biology are more effective than others they reveal little about how teachers use 

these approaches successfully in the classroom. Indeed, what seems to be 

missing from this research are rich descriptions of the classroom actions and 

reflections on those actions of teachers using these approaches to teach biology. 

For example, it would be useful to know what teachers do and why they do what 

they do when they use the terminology of water potential, rather than diffusion 

pressure deficit, to teach water relations in plants. Furthermore, it would be useful 

to know what sorts of experiments teachers consider beneficial to the teaching of 

water balance in plants and more specifically how they use them in the classroom 

to develop their students' understanding of this topic area.
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In addition, the studies within this tradition do not explore the nature of the subject 

matter knowledge and understanding that shapes the successful use of these 

approaches in the classroom. What, for example, do teachers need to know and 

understand about biology to use particular experiments to teach water balance in 

plants successfully to their students? Do they, for example, need to conceptualise 

water balance in a particular sort of way?

To summarise, a review of this tradition further highlights the dearth of research:

  describing and analysing biology teachers' teaching of biology;

  exploring the subject matter knowledge and understanding that informs this 

teaching.

Suggested approaches to teaching science based on conceptions of learning in 
science

A third tradition in the science education literature involves a range of studies 

suggesting different approaches to teaching science, based on certain 

conceptions of learning in science. Three movements embodying differing 

conceptions of learning in science have dominated this literature over the past forty 

years. The first movement, the 'Discovery Approach', emerged in the 1960s and 

spanned two decades (Gott and Duggan 1995). This approach grew from the 

English Nuffield Science Projects in all three sciences. Developments in the 

philosophy of science and psychological theory also seemed to provide a 

sympathetic intellectual backdrop to the creation of this approach (Solomon 1980).
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The 'Discovery Approach' considered learning in science to be a process of 

students discovering scientific concepts in the classroom through playing and 

experimenting (Gott and Duggan 1995). Researchers working within this 

paradigm assumed that scientific knowledge and understanding is 'waiting locked 

up in nature to be peered at and dug out by schoolchildren' (Harris and Taylor 

1983, p. 277).

The second movement - the 'Processes and Skills Movement' - emerged in the 

late 1960s and, according to Millar and Driver (1987):

can claim direct descent from the ideas embodied in the primary science course 
Science -A Process Approach (SAPA) (AAAS, 1967) which was based on the 
view of 'science as process' outlined by Gagne (1965).

(p. 35, original emphasis)

It was also embodied in various curriculum projects of the 1980s such as Warwick 

Process Science (Screen 1986). In contrast to the 'Discovery Approach', the 

'Processes and Skills Movement' considered learning in science to be a process 

of mastering the scientific method. Researchers working within this paradigm 

assumed that science proceeded in an orderly fashion by following a particular 

method (Millar and Driver 1987). According to this movement, this method 

includes: measuring; observing; hypothesising; predicting and inferring (Gott and 

Duggan 1995; Woolnough 1994).

The'Processes and Skills Movement'was superseded by the third movement -the 

'Constructivist Movement' in the 1980s. This movement has been considered by
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many, including Jenkins (2000), Tao and Gunstone (1999) and Banet and Nunez 

(1997), to be the dominant paradigm of research into the learning of science -with 

inherent implications for the teaching of science - over the past two decades. The 

'Constructivist Movement' considers learning in science to be a process of 

conceptual change. Researchers working within this paradigm make two 

assumptions (Millar 1989). The first is that learners have prior ideas or 

conceptions about many science topics before instruction. The second is that 

individuals construct their own meanings for events and phenomena. In light of 

these assumptions, learning science is perceived as the product of the interaction 

between existing conceptions and new experiences leading to the reconstruction of 

meaning (conceptual change) rather than simply the accretion of new ideas (Millar 

1989).

More recently, in addition to these assumptions, there has been an 

acknowledgement in the science education literature that learning science takes 

place in a social context and that this context is extremely influential on learning 

(Leach and Scott 2000). This social constructivist perspective on learning in 

science takes account of both the individual and the social context within which the 

learning takes place, thus recognising the significance of the interactions 

individuals have with their teacher and other students throughout the learning 

process.

What is common to these three movements is that they each offer a conception(s) 

of what science teaching might comprise based on their assumptions of what
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learning in science involves. The 'Discovery Approach', for example, considered 

teaching to comprise providing students with situations in which they could 

discover scientific concepts (Ogborn efa/1996). Furthermore, the 'Processes and 

Skills Movement' considered teaching to involve developing students' mastery of 

the scientific method including teaching them various skills and processes such 

as measuring and observing (Gott and Duggan 1995). Finally, the 'Constructivist 

Movement' has offered various suggestions as to what the teaching of science for 

conceptual change might comprise. Based on the work of CLISP (Children's 

Learning in Science Project), for instance, Driver (1989) proposes a teaching 

sequence designed to promote conceptual change in science. This involves, as 

Millar(1989) summarises:

Elicitation of prior ideas, their clarification and exchange within the class group, 
exposure to conflict situations and construction of new ideas, followed by review 
of progress in understanding.

(pp. 588-9)

Furthermore, Hewson et al (1998) provide various guidelines and strategies for 

teachers wishing to teach for conceptual change. Similar to Driver, one of Hewson 

et a/'s guidelines suggests the importance of eliciting students' ideas using 

techniques such as pre-instructional quizzes, small group posters and interviews 

with students about the topic. Additional guidelines include encouraging explicitly 

metacognitive classroom discourse and the discussion and negotiation of the 

status of different ideas.
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This tradition, however, has not shed much light on our understanding of what 

science teachers do and why they do what they do when teaching science. It is 

plausible to suggest that this situation has arisen because the starting point for 

each movement is a particular set of assumptions about learning in science which 

leads to a prescription of what it is believed teachers 'ought' to do rather than an in- 

depth understanding of what it is they actually do.

Additionally, the literature suggests that these prescriptions for classroom practice 

have been of limited use to practising teachers. For example, in writing about the 

'Discovery Approach', Solomon (1980) documents that providing students with 

situations in which they can discover scientific concepts is not always possible. 

She describes various difficulties she confronted when engaging her students in 

an experiment with levers as part of the Nuffield Physics course. These difficulties 

meant that she had to interrupt her students in the midst of their investigating in 

order to give instructions so that the '"desired result" was "discovered"' (p. 46). 

Discovery learning in these situations, she argues, becomes an 'elaborate hoax', 

'manipulated from behind the scenes by a conniving teacher' (ibid., p. 47). It 

seems that such difficulties arise from an assumption underpinning this tradition - 

that is, as Harris and Taylor (1983) point out, 'the view that concepts can be learnt 

by drawing them out of objects or apparatus in which they are embedded' (p. 277).

Furthermore, various academics writing about the 'Constructivist Movement' 

indicate that despite persuasive evidence that teaching for conceptual change is a 

fruitful way to develop students' understanding of science, teachers, with the
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exception of a few highly committed practitioners linked to various constructivist 

research projects (e.g. Viennot and Rainson 1999), seem generally reluctant to 

adopt this model of teaching in the classroom. Solomon (1994), for instance, 

documents that back in 1983 at the first Misconceptions conference:

some largely unsuccessful attempts to 'use' constructivism to teach science - 
programmes for 'conceptual change' as they are usually called - had been 
reported.

(P- 10)

Indeed, the position seems to have changed very little as Jenkins (2000) points 

out:

Sizmur and Ashby (1997) found that few teachers elicited young children's views 
about natural phenomena in any systematic way when introducing them to 
scientific concepts, and Larochelle and Bednarz (1998 p. 3) have commented that 
"... taking students' knowledge into account seems to have scarcely modified the 
usual teaching modus vivendi at any level of instruction one chooses to examine."

(p. 604)

In an attempt to explain why this might be the case, Jenkins (2000) suggests that, 

despite a recommended model of instruction and various so-called constructivist 

curriculum materials, little guidance from researchers concerning how to teach for 

conceptual change has been given. In his words:

are eliciting and reorganising students' ideas to be seen as distinct steps or, as 
some writers suggest (e.g. Harlen 1996) better regarded as part of a continuous 
process? ... are ideas, once elicited, meant to assist a teacher to plan what he or 
she must now do in response or is their principal purpose to help students clarify 
their own thinking?

(p. 602)
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Moreover, the assumption that students develop alternative understandings of 

concepts that they have never encountered (e.g. ATP, Gibbs free energy, and 

osmosis) is difficult to comprehend. Indeed, it may well be that for many of the 

concepts that students learn in science, they have no alternative conceptions at all 

to be elicited (Jenkins 2000).

In addition, the assumption that the various strategies suggested by researchers 

will be fruitful in achieving conceptual change in students has also been 

challenged. Claxton (1986), for instance, argues that the assumption that exposing 

students to conflict situations - as Driver (1989) suggests in her proposed 

teaching sequence outlined on p. 25 - in order to promote their conceptual change 

about a particular science concept or idea could well be unsound. Indeed, he 

argues that, rather than promoting conceptual change, challenging or confronting 

students with an alternative theory might result in:

a defensive entrenchment, and a denial or erosion of the learning opportunity; ... 
Conflict may be neither sufficient, nor necessary, nor even helpful.

(PP. 127-8)

Finally, the possibility that conceptual change teaching does not always make 

sense within the various contexts and constraints of the classroom provides an 

additional explanatory reason for the lack of support it has gained from teachers. 

Insufficient time and class size have both been cited by Millar (1989) as possible 

constraints reducing the likelihood of its wide adoption in the classroom.
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Nevertheless, Viennot and Rainson (1999) present modest evidence to challenge 

the reasons given above for the lack of support for conceptual change teaching in 

the classroom. Their study of upper secondary school students learning about 

electricity in physics suggests that conceptual change teaching sequences, which 

take no more time than conventional methods, can be designed and can improve 

students' learning when compared to traditional approaches. However, more 

research needs to be undertaken to show that teachers, other than the highly 

committed constructivist teacher in their study, can successfully enact conceptual 

change teaching in the classroom.

To summarise, whilst these three movements have offered many insights into our 

appreciation of what is involved in the learning of science, it seems that the 

prescriptions for classroom practice suggested by them have been of limited use 

to teachers, not least because they take little account of the various contexts and 

constraints of classrooms. Furthermore, in focusing primarily on the learner and 

offering suggestions of what interactive teaching might comprise based on each 

movement's agreed conceptions of learning, it seems that these approaches have 

missed out on other avenues of exploration. As Ogborn efa/(1996) point out:

Whatever their merits - and they have many - these ... traditions have combined 
to draw attention away from the teacher, except as a provider of productive 
'learning situations'.

(p. 145)

The more recent focus within the constructivist movement on the social context of 

learning, however, seems to be beginning to bring the teacher back into the
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equation. Indeed, the assumption that social interactions between teachers and 

their pupils have a crucial role to play in shaping pupils' learning has opened up 

potentially fruitful avenues of exploration. The work of Ogborn et al (1996) provides 

an example of research where the interest lies in making sense of the role of 

language in the process of learning science. Through the study of fifty-two hours of 

video recorded science lessons, Ogborn et al (1996) examined how secondary 

school science teachers construct and present scientific explanations in their 

classrooms. Whilst this study offers many insights, in particular, 'a language 

[presented as a theoretical framework] for describing explanations in the science 

classroom' (p. 8) its findings are based solely on researcher interpretations of 

teachers'actions. Regrettably, despite having 'informal discussions with teachers 

about what they thought had gone on in the lesson' these 'conversations were not 

recorded or used as data' (ibid., p. 146). Drawing upon teachers' perceptions 

during the interpretive process might have resulted in the incorporation of an 

additional perspective to the theoretical framework offered. Neglecting the 

teachers' input in this study suggests that the findings are limited in what they 

reveal about teachers' own understandings of what they do and why when teaching 

science in the classroom. Furthermore, it suggests limitations to the usefulness of 

their theoretical framework in further developing and extending teachers' practice.
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Research investigating the role of subject matter knowledge and understanding 
in biology/science teaching

A fourth tradition in the science education literature involves a range of studies 

investigating the role that subject matter knowledge and understanding plays in 

biology/science teaching. In 1985, Lee Shulman gave a presidential address to 

the annual AERA conference which was to have a far-reaching impact on the 

educational research community. In his address, he argued that research on 

teaching had 'ignored one central aspect of classroom life: the subject matter' 

(Shulman 1986, p. 6). He stated that past research had emphasised generic 

teaching skills and not 'questions about the content of the lessons taught, the 

questions asked, and the explanations offered' (ibid., p. 8). He referred to this gap 

in the literature as the 'missing paradigm' and urged the educational research 

community to focus its energies on investigating this forgotten dimension of 

teaching. He encouraged researchers to begin to explore the content knowledge 

and understanding used in subject teaching.

Furthermore, in this presidential address, Shulman offered a very useful and 

influential distinction between the different aspects of the subject matter knowledge 

and understanding assumed to inform teachers' practice. Shulman distinguished 

teachers' subject matter knowledge and understanding into three categories:

subject matter content knowledge; 

pedagogical content knowledge; 

curricular knowledge.
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These distinctions have shaped the nature of the many studies that have emerged 

as a result of his call to investigate the content dimension of teaching. Indeed, 

researchers have explored teachers' subject matter content knowledge, 

pedagogical content knowledge and curricular knowledge in a wide range of 

curriculum subjects. However, as the focus of this thesis is with biology teaching, 

only research exploring these three categories in relation to the teaching of 

biology/science will be considered.

Moreover, in later work Shulman and his colleagues subsumed the category 

curricular knowledge into the category pedagogical content knowledge (e.g. 

Grossman 1990). Consequently, in this review, only the two categories subject 

matter content knowledge and pedagogical content knowledge will be discussed. 

The subject matter content knowledge informing the teaching of biology/science 

will be considered first.

Subject matter content knowledge

There are a number of studies that have explored the role of subject matter content

knowledge in the teaching of biology/science. Typical of these is a study by 

Sanders et al (1993). In this study, the researchers compared three experienced 

science teachers' interactive teaching5 when teaching a topic within and outside 

their specialist area. The assumption underpinning this study is that the teachers,

5 They also compared the three teachers' planning and reflecting. However, as the interest of 
this study is in interactive teaching, only the findings pertaining to this phase of teaching are 
considered in this review.
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when teaching within their specialist areas, would have greater content knowledge 

than when teaching outside their specialist areas. Indeed, considerable 

differences between the teachers' interactive teaching were found when comparing 

their teaching within and outside their specialist areas. For example, when 

teaching within their specialist areas, all three teachers 'had the lessons fine- 

tuned and focused on the details of the concepts' (p. 730). Furthermore, they 'all 

knew several ways to present the content' (ibid., p. 730). In contrast, when 

teaching outside their specialist area 'the teachers were uncertain of some of the 

content. ... Sometimes they were confused themselves and occasionally made 

mistakes or errors' (ibid., p. 730).

Whilst these findings suggest the significance of strong subject matter content 

knowledge for teaching, it is important to recognise their tentative nature in light of 

the study's small sample size. Furthermore, whilst it is useful to appreciate the 

value of strong subject matter content knowledge in teaching it would also be 

useful to gain insights into the nature of this knowledge. For example, what 

specific content knowledge and understanding did the teachers in this study 

require to focus on the 'details of the concepts' in lessons or to present the content 

in several ways when teaching a topic within their specialist area? Did they need to 

conceptualise their subject and/or the specific topic areas in particular sorts of 

ways in order to present the content so their students could make sense of it?

Whilst these sorts of questions are not investigated in the work of Sanders et al - 

and other similar studies (e.g. Carlsen 1993) - several researchers have begun to
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explore the nature of biology/science teachers' subject matter content knowledge. 

This growing body of literature can be grouped in light of a distinction first proposed 

by Schwab (1964a, 1964b). This distinction classifies subject matter content 

knowledge into the two dimensions of substantive knowledge and syntactic 

knowledge. To academics exploring the role of teachers' subject matter content 

knowledge in teaching this has been a particularly influential distinction as their 

research has tended to investigate biology/science teachers' subject matter 

content knowledge by examining either its substantive and/or syntactic 

dimension(s).

Substantive knowledge

In the literature, this dimension is described as embodying two aspects:

the'stuff of the subject', a subject's 'specific information, ideas and topics' (Ball 

and McDiarmid 1990, p. 440);

the subject's 'conceptual schemes' (Hashweh 1987), overriding principles or 

knowledge structures (Schwab 1978).

Various studies have explored these aspects of biology/science teachers' 

substantive knowledge and their role in classroom teaching. An extensive review 

of the literature identifies only one study that has explored the former aspect of 

teachers' substantive knowledge in biology/science and its role in classroom 

practice. This is a study by Hashweh (1987). In this research, Hashweh mapped 

out three biology and three physics teachers' knowledge of two topics - one in 

biology and one in physics - using techniques including concept-map line
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labelling and sorting. He found that teachers within their field of expertise, whether 

biology or physics:

had more detailed knowledge of their topic, more knowledge of other discipline 
entities (whether they be other discipline topics or concepts or high-order 
concepts, principles ...), and more knowledge of ways of relating the topic to 
other discipline entities.

(p. 119)

Furthermore, he traced the effects of this knowledge on simulated teaching tasks. 

These involved describing orally to each teacher a set of critical incidents6 that 

might occur during the teaching of the topic and then asking them what their 

reaction and response to these incidents would be. Hashweh found that the 

teachers most knowledgeable about the different topic areas, whether biology or 

physics:

were more likely to detect student preconceptions, to exploit opportunities for 
fruitful "digressions", to deal effectively with general class difficulties, and to 
interpret correctly students' insightful comments.

(ibid., p. 118)

Whilst this study offers insights into the nature of this aspect of science teachers' 

substantive knowledge of biology and physics by suggesting categories for 

describing this knowledge (e.g. knowledge of topics, knowledge of approaches), 

the methods employed have inherent limitations which suggest that the findings

6 The critical incidents were of four types. 'One type portrayed situations that revealed the 
probable existence of student's preconceptions' (Hashweh 1987, p. 117). 'Another type of 
incident presented the teacher with opportunities to discuss some physics or biology concepts 
that he may not have planned to discuss' (ibid., p. 117). 'A third type of incident required the 
teacher to appreciate an insightful student comment' (ibid., p. 117). The fourth type of incident 
portrayed general class difficulties.
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should be considered with caution. As Gess-Newsome and Lederman (1995) 

point out:

card sort methodologies provide teachers with a set of items that are to be 
included in their content maps, or SMSs7 . Such restrictions in topics may 
influence the outcome of an investigation (Gess-Newsome and Lederman, 1993; 
Lederman, Gess-Newsome, and Latz, 1994). In addition, providing terms may 
create knowledge by acting as a stimulus for the formation of relationships among 
topics that have not been previously considered.

(p. 302)

Furthermore, Hashweh's study is limited in what it reveals about the role that this 

aspect of substantive knowledge plays in shaping the classroom practice of 

biology/science teachers since the knowledge outlined in the study is not drawn 

from observations of and discussions with teachers about their teaching. Rather, it 

is drawn from research settings outside the classroom context. Consequently, it 

cannot be assumed that the subject matter knowledge and understanding of 

Hashweh's teachers - outlined in a laboratory context- is of a similar nature to the 

subject matter knowledge and understanding that shapes these same teachers' 

classroom practice.

A handful of studies have investigated biology/science teachers' conceptual 

schemes8 An example of such a study is the work of Hauslein et al (1992). In this

7 SMS refers to a Subject Matter Structure which is defined as any conceptual framework or 
schema that teachers have for their knowledge of the content they teach. Research that has 
focused more specifically on this sort of substantive subject matter knowledge and 
understanding will be considered next.

8 Conceptual schemes have been variously described in the literature as 'biology content 
cognitive structure' (Hauslein et al 1992) and Subject Matter Structure (SMS) (Gess-Newsome 
and Lederman 1995) and broadly refer to the same aspect of substantive knowledge - that is 
the conceptual frameworks or schema that teachers have for the knowledge of the content 
they teach.
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research, the F-Sort of Biology Concepts9 - and think aloud traces during this 

sorting task - was used to assess the biology content cognitive structure of five 

groups of individuals: preservice secondary science teachers; in-service biology 

teachers with one to three years experience; in-service biology teachers with five or 

more years experience; scientists in any biological science field; and college 

seniors majoring in biology.

Two dimensions of biology content cognitive structure were identified in their 

analysis. These were deep-versus-surface and fluid-versus-fixed. A deep 

cognitive structure was defined as well organised and hierarchically arranged with 

broad principles used as a base for organisation. A surface cognitive structure 

was defined as unstructured and loosely organised. Afluid cognitive structure was 

defined in terms of lots of cross-linking between parts of the cognitive structure 

whereas a fixed cognitive structure had little cross-linking between parts. The 

researchers found that the scientists and experienced teachers had a deep 

cognitive structure whilst all the other groups had a surface cognitive structure. On 

the other dimension, only the scientists were found to have a fluid cognitive 

structure. The experienced teachers and all the other groups were found to have a 

fixed cognitive structure. The researchers suggested that the reason for this is 

because scientific research dictates the need for a fluid cognitive structure. The

9 In Hauslein et al's (1992) study, the F-Sort of Biology Concepts consisted of the research 
subjects sorting 37 biology terms representing concepts on separate self adhesive address 
labels (e.g. diffusion, osmosis, evolution) into categories based upon their understanding of the 
relationships among the concepts. When the subjects were satisfied with their classification 
they were asked to remove the backing on the labels and stick them to paper in columns, one 
column for each group. In addition, the subjects were asked to label each column with a word 
or two that reflected the relationship of the concepts within that group.
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work of scientists involves continually incorporating new ideas into already 

established ones and challenging perspectives, and a dynamic cognitive structure 

might be necessary to achieve this. Hauslein et al (1992) conjecture that because 

practicing teachers tend not to 'attend scientific seminars, read scientific literature, 

or take science courses' (p. 961) they have no need for a fluid cognitive structure.

Like Hauslein et al's (1992) study, the work of Hashweh (1987) also provides 

insights into science teachers' conceptual schemes. As mentioned earlier, 

Hashweh (1987) mapped out three biology and three physics teachers' knowledge 

of two topics - one in biology and one in physics - using techniques including 

concept-map line labelling and sorting. He found that teachers within their field of 

expertise, whether biology or physics, had richer conceptual schemes. He 

identified some of the physics teachers' conceptual schemes as force/motion and 

work/energy and some of the biology teachers' conceptual schemes as an 

ecological approach, a macro plant-structure approach and a molecular/energy 

approach. Furthermore, he found that the teachers with rich conceptual schemes 

were more effective in simulated teaching tasks.

However, whilst both studies offer insights into the nature of biology/science 

teachers' conceptual schemes they also suffer from the limitations of card sort 

methodologies identified earlier. Furthermore, these studies are limited in what 

they reveal about the conceptual schemes that inform biology/science teachers' 

actual classroom practice as the knowledge outlined in them is drawn from 

research settings outside the classroom context and not from observations of and
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discussions with teachers about their actual classroom teaching. Consequently, it 

cannot be assumed that the conceptual schemes outlined by teachers outside the 

classroom are of the same nature as the conceptual schemes that inform their 

classroom practice. Indeed, Gess-Newsome and Lederman (1995) highlight this 

in their study investigating the SMSs of five experienced biology teachers as 

exhibited in interviews and as exhibited in the classroom. They found that the 

degree of relationship between the SMS exhibited in the classroom and the SMS 

exhibited in the interview varied. In only one of the five teachers studied was the 

SMS identified in the interview also exhibited in the classroom. For the other four, 

only limited aspects of the SMSs identified in the interview were exhibited in 

classroom practice. Gess-Newsome and Lederman argue that the degree to 

which the biology teachers' SMSs as exhibited in the interviews were translated 

into their classrooms was influenced by a variety of contextual variables including 

the teachers' intentions, content knowledge, pedagogical knowledge, and 

knowledge of students.

Gess-Newsome and Lederman's study is significant because it demonstrates that 

the investigation of teachers' conceptual schemes of their scientific subject outside 

of the classroom context can generate different findings to their investigation inside 

the classroom context, not least because of the additional variables of real 

classrooms.
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Syntactic knowledge

In the literature, this type of knowledge is described as comprising the methods 

and modes of inquiry a discipline develops as well as the canons of evidence and 

warrantability it draws upon in order to verify its knowledge claims (Schwab 1978, 

1963). In science education, syntactic knowledge has been variously described as 

comprising the 'nature of science' or'philosophy of science' and is seen typically to 

refer to:

Knowing how scientists work within the norms, practices and discourses of 
science - the ways in which scientists, both individually and as communities, 
come to agree that there is good evidence to support a current theory, or to argue 
that the evidence is contradictory or insufficient, or to claim that a model is 
flawed.

(Smith and Anderson 1999, p. 756)

Early studies (e.g. Kimball 1968; Miller 1963; Behnke 1961 -as cited in Lederman 

1992) exploring science teachers' conceptions of the nature of science reveal little 

about the syntactic knowledge informing their classroom practice. In these 

studies, the researchers assumed a direct relationship between teachers' 

conceptions of the nature of science as expressed in a laboratory context and the 

knowledge and understanding of the nature of science presumed to inform 

classroom practice. At no point was this assumption tested. As Lederman (1992) 

points out, studies were undertaken without 'any direct focus on actual classroom 

practice and/or teacher behaviours' (p. 346).

Later studies recognised the importance of focusing upon the realities of daily 

classroom instruction in order to comment upon the syntactic knowledge that
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informs teachers' classroom practice. These studies have shown that whilst 

teachers' conceptions of the nature of science exhibited outside the classroom can 

be consistent with those exhibited inside the classroom this is not necessarily the 

case. For example, in a qualitative study, Brickhouse (1990) explored the nature of 

three teachers' syntactical knowledge outside the classroom and its expression in 

the classroom. Two of these teachers exhibited classroom practices consistent 

with their beliefs about the nature of science whilst the other teacher demonstrated 

classroom practices that were not congruent with his beliefs.

A similar position is found in Lederman's (1999) study. In this research, the 

relationship between five high school biology teachers' (two novice and three 

experienced) views of the nature of science as exhibited outside the classroom 

and their views of the nature of science as exhibited inside the classroom was 

examined. Lederman found that the two novice teachers in the study did not 

directly translate their understanding of the nature of science into the classroom as 

they were concerned primarily with management issues and therefore were not, as 

he suggests, 'ready to take on the challenge' (p. 924). In addition, one of the 

experienced teachers also did not teach in a manner that was consistent with her 

views of the nature of science. It seems that she considered syntactic knowledge 

simply too complex and abstract for her students to grasp and this seemed to 

ensure that she did not teach in a manner consistent with her conceptions of the 

nature of science.
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In addition to the variables identified here, further studies suggest many others that 

can 'mediate and constrain the translation of teachers' NOS [nature of science] 

conceptions into practice' (Abd-EI-Khalick and Lederman 2000, p. 670). These 

include:

pressure to cover content (Abd-EI-Khalick et al 1988, Duschl and Wright 1989, 
Hodson 1993) ... institutional constraints (Brickhouse and Bodner, 1992) ... and 
the lack of resources and experiences for assessing understandings of NOS 
(Abd-EI-Khalick et al 1988).

(Abd-EI-Khalick and Lederman 2000, p. 670)

This research further draws attention to the significance of taking account of the 

classroom context in any attempt to make sense of the subject matter knowledge 

and understanding that shapes teachers' teaching of biology/science.

To summarise, the research reviewed in this section offers many insights into the 

role of subject matter content knowledge in biology/science teaching. However, the 

review has also highlighted some methodological limitations which suggest that 

certain findings should be considered with caution. Furthermore, this review 

suggests that a number of the studies discussed are limited in what they reveal 

about the subject matter knowledge and understanding that shapes teachers' 

classroom practice, as the knowledge outlined in them is not drawn from 

observations of teachers' teaching and discussions with teachers about their 

teaching. Rather, it is drawn from research settings outside the classroom context. 

Indeed, several of the studies reviewed have drawn attention to the differences 

between teachers' conceptions of their subject matter knowledge and 

understanding in a decontextualised setting and its expression in the classroom.
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This signals the importance of taking account of the classroom context when 

exploring the subject matter knowledge and understanding that informs teachers' 

classroom practice. Finally, whilst Schwab's distinction between the substantive 

and syntactic dimensions of subject matter content knowledge has been of 

considerable theoretical use to researchers, it is possible that it might not be of 

practical use in understanding the role that teachers' subject matter knowledge 

and understanding plays in teaching. Indeed, teachers might not think about the 

subject matter knowledge and understanding that informs their practice in terms of 

substantive and syntactic structures. It could be argued that, by drawing upon this 

distinction to shape research into this area, academics might have missed out on 

more exploratory avenues of research. In light of this, it seems there is a need for 

research that assumes a more exploratory position; research that aims to make 

sense of the subject matter knowledge and understanding that shapes teachers' 

classroom practice from observations of and discussions with them about their 

teaching, without theorising a priori about the nature of this subject matter 

knowledge and understanding.

Pedagogical content knowledge

Further to the subject matter content knowledge described and discussed in the 

previous section, Shulman also suggested, in his presidential address to the 1985 

AERA conference, that teachers possess an additional form of content knowledge - 

pedagogical content knowledge. This, he argues, is a:

kind of content knowledge ... which goes beyond knowledge of subject matter 
per se to the dimension of subject matter knowledge for teaching.

(Shulman 1986, p. 9 original emphasis)
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Through a series of research studies at Stanford University10 , Shulman and his 

colleagues, working first with novice teachers and later with experts in a variety of 

different subject areas, provided a description of pedagogical content knowledge. 

This description comprises four general components. These are summarised by 

Grossman (1990) as:

knowledge and beliefs about the purposes for teaching a subject at different

grade levels - referred to as 'orientations' in the literature;

knowledge of students' understanding, conceptions, and misconceptions of

particular topics in a subject matter;

knowledge of curriculum materials available for teaching particular subject

matter, as well as knowledge about both the horizontal and vertical curricula for

a subject;

knowledge of instructional strategies and representations for teaching

particular topics.

This description has been very influential to research in this field with the four 

components guiding the exploration of teachers' pedagogical content knowledge 

within different curriculum areas. Even so, criticisms have been levelled at the 

concept of pedagogical content knowledge and the description offered by Shulman 

and his colleagues. For instance, Pendry (1994) argues that there seems to be

10 For examples of this work see Grossman ef a/(1985), Gudmundsdottir and Shulman (1987) and 
Gudmundsdottir (1988).
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some confusion over whether the concept of pedagogical content knowledge and 

the description offered is based on empirically derived data or hypothetical 

theorising. She argues that it is not clear whether pedagogical content knowledge 

represents teachers' actual thinking about their teaching or prescriptions about 

how teachers 'ought' to think about this issue. One of Shulman's colleagues, in a 

recent unpublished conference paper, suggests that such a criticism might have 

arisen from 'Shulman's use of the metaphor of a "knowledge base"' (Grossman 

2002, p. 3) leading critics to have:

interpreted this work to mean [that] pedagogical content knowledge represents a 
static conception of teacher knowledge, generated by university researchers for 
teachers

(ibid., p. 3)

Whilst Grossman argues that 'this is a fundamental misreading of the work on 

pedagogical content knowledge' (ibid., p. 3) she does not offer any suggestions to 

clarify this confusion.

Furthermore, Pendry (1994) argues that the concentration on novice, as opposed to 

expert, practitioners in the first stages of Shulman and his colleagues' research, 

might have implications for the description of pedagogical content knowledge 

offered. She suggests that novice teachers, the original focus, are likely to have 

possessed rather less sophisticated knowledge than their more experienced 

counterparts, involved later on, thus possibly leading to a limited description of 

pedagogical content knowledge. Moreover, Pendry (1994) suggests that the
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generalisability of research findings to all teachers is questionable from a sample 

of novices.

Despite these criticisms, research exploring the subject matter knowledge and 

understanding informing science teachers' classroom practice has been greatly 

influenced byShulman's concept of pedagogical content knowledge. Indeed, there 

is a growing body of literature exploring the pedagogical content knowledge of 

science teachers using Shulman and his colleagues' conception and description 

of pedagogical content knowledge as a basis for inquiry. This is exemplified in a 

comprehensive review by Magnusson efa/(1999). In this review, studies exploring 

each of the four components outlined in Shulman and his colleagues' initial 

description of pedagogical content knowledge are considered. This description of 

pedagogical content knowledge is further extended by the addition of another 

component, namely knowledge about assessment. Whilst a summary of each 

component is not appropriate here, a critical analysis of the findings presented will 

be briefly considered.

What is not always made clear in the Magnusson et al (1999) review is the status 

of the findings presented. Are they empirically based? Are they grounded in 

observations of and discussions with teachers about actual classroom practice? 

Or are they hypothetical, developed from researcher theorising about what the 

different components of pedagogical content knowledge suggested by Shulman 

and his colleagues 'ought' to comprise for science teachers? A review of the 

various studies that define different orientations to science teaching, for example,
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indicates that the origins of the findings presented are mixed. While some are 

apparently generated from empirical data such as the 'academic rigor' orientation 

defined by Lantz and Kass (1987), it appears that others result from researcher 

theorising. An example of the latter is found in Tamir's (1983) article where he 

describes an 'inquiry' orientation to science teaching. In this article he declares 

that 'science teachers have the responsibility of presenting science as inquiry' (p. 

658) and that the primary purpose of his article is to 'clarify the notion of inquiry ... 

and to suggest how the teachers' lack of knowledge of and reluctance toward 

science as inquiry can be remedied' (p.658). As Tamir deems teachers to be 

reluctant to adopt an 'inquiry' orientation to science teaching, it seems unlikely that 

their views will have shaped the conceptualisation of this orientation. Indeed, 

Magnusson et al hint that, in relation to this component of science teachers' 

pedagogical content knowledge, the findings they present may well be the result of 

researcher theorising rather than empirical research when they say that literature in 

this area illustrates:

the hypothesised central role of this component of PCK [referring to orientations] 
in decision-making relative to planning, enacting and reflecting upon teaching. ... 
Few studies have been conducted ... that directly assess teachers' orientations 
to teaching science in order to put that claim to an empirical test.

(p. 102, my emphasis)

Moreover, in Magnusson et a/'s (1999) review, the various categories of 

pedagogical content knowledge are, on occasion, not discussed with reference to 

empirical work at all. Rather, comments such as the following - in relation to 

knowledge of students' conceptions and misconceptions of particular topics in a 

subject matter - are made:
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teachers should be knowledgeable [about students' misconceptions] with 
respect to the topics they teach because it will help them to interpret students' 
actions and ideas.

(p. 106, my emphasis)

Such comments suggest that the origins of these claims are not drawn from 

empirical studies of teachers' conceptions but rather generated from researcher 

assumptions concerning what a particular component of pedagogical content 

knowledge 'ought' to comprise for science teachers.

Shulman's conception of a special kind of subject matter knowledge for teaching - 

pedagogical content knowledge - has offered a useful heuristic to researchers 

which has guided research into the content dimension of teaching. However, the 

confusion over whether the concept and its description is empirically based or 

hypothetically derived suggests that caution must be exercised when considering 

its usefulness in describing the subject matter knowledge and understanding that 

shapes science teachers' interactive teaching. Despite the caution outlined, many 

researchers exploring Shulman's four components in relation to science teaching 

have extended the difficulty by presenting findings based more on researcher 

theorising than empirical study. This analysis suggests the need for more 

research exploring the subject matter knowledge and understanding that informs 

biology/science teachers' classroom practice grounded in empirical work not 

preconditioned by researcher theorising.
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To summarise, whilst there have been many valuable insights into the teaching of 

biology/science over the last forty years, this review suggests two gaps in the 

research. First, there appears to be a scarcity of rich descriptions and analyses of 

biology/science teachers' perceptions of their classroom actions. Previous 

research has either not provided such descriptions or has prescribed what 

biology/science teachers ought to do and why when they teach biology/science, 

with limited impact on their classroom practice. This poverty of literature suggests 

a need for research that sets out to provide insider accounts of what 

biology/science teachers do and why they do the things they do when teaching 

biology/science. Developing an understanding of teachers' perspectives of how 

they work in the particular contexts in which they work might encourage the 

development of initiatives that are embraced rather than rejected by teachers 

because they take account of what teachers know, believe and do, and they take 

account of the constraints and affordances of their classrooms.

Second, there appears to be a shortage of research exploring the subject matter 

knowledge and understanding that shapes biology/science teachers' classroom 

practice from the viewpoint of teachers themselves. Previous research has tended 

to investigate this knowledge from the basis of clear prior assumptions about its 

nature (e.g. the influence of Schwab's theoretical distinction between substantive 

and syntactic knowledge and Shulman's concept of pedagogical content 

knowledge). These assumptions might not be useful for making sense of this 

knowledge. Furthermore, research has tended to explore this aspect of science 

teachers' knowledge in decontextualised settings which may suggest that the
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findings presented have limited applicability to the classroom context. Moreover, in 

some cases it is not clear whether findings that result from investigations into the 

subject matter knowledge and understanding shaping science teachers' 

classroom practice are grounded in observations of and discussions with teachers 

about actual classroom practice or are hypothetical, developed from researcher 

theorising. This gap in the literature suggests a need for research that explores 

the subject matter knowledge and understanding that shapes biology teachers' 

teaching of biology from observations of and discussions about classroom 

practice with the teachers concerned without making a priori assumptions about 

the nature of this knowledge.
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Research into teacher cognition during interactive teaching

The second body of research literature that has informed the development of this 

thesis comprises studies investigating the knowledge and thinking that informs 

teachers' classroom teaching. For over a hundred years, teaching has been the 

subject of research. An historical review of this research suggests that three 

traditions have been particularly influential. The first tradition, which dominated 

early research, involved studies in teacher characteristics. These sought to isolate 

any teacher attributes such as sex, age, and personality traits which might have a 

bearing on teachers' effectiveness (e.g. Cartel 1931). Labelled 'black box' 

research byMcNamara (1980), as the researchers working within this tradition did 

not study what was going on in classrooms, teacher characteristics research gave 

way to the second tradition - process-product research - in the middle of the last 

century.

In contrast to teacher characteristics research, the process-product tradition was:

dominated by attempts to investigate what teachers and their pupils observably 
did in classrooms

(Brown and Mclntyre 1993, p. 3)

The purpose of this work was to describe teaching in terms of observable 

behaviours and then investigate the relationship between these behaviours and 

student achievement (e.g. Flanders 1970). However, in time, academics argued 

that viewing teaching as a fragmented set of behaviours 'left much of the 

skilfulness of teaching out of the account' (Calderhead 1996, p. 710).
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Consequently, interest began to turn to the way in which teachers think, and a new 

tradition was born.

The early 1970s saw the development of this third tradition of research on teaching; 

the study of teachers' thinking. A number of researchers including Clark and 

Peterson (1986), Brown and Mclntyre (1993) and Nagger (1995) all point to the 

same report (US NIE report 1975) as playing a significant role in the emergence of 

this tradition. This report issued a request for proposals for an Institute for 

Research on Teaching (established in 1976 at Michigan State University) that 

would focus on research into teachers' thought processes and initiate the first 

large programme of research in this genre.

Research on teacher thinking is a diverse field of investigation that has tended to 

concern itself with making sense of teachers' cognitive processes - that is their 

thinking and knowledge (Hagger 1995). Despite the diversity, distinct trends are 

apparent within the tradition where researchers have focused on similar aspects of 

teachers' cognitions. Indeed, of particular use to this thesis is a review of teacher 

thinking research by Clark and Peterson (1986) which classifies the many studies 

comprising this area of literature into three categories. These include 

investigations of:

teacher planning (preactive and postactive thoughts); 

teachers' interactive thoughts and decisions; 

teachers' theories and beliefs.
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Since the focus of this thesis is exploring the knowledge and understanding that 

shapes A level biology teachers' classroom practice, research comprising the 

second category has been of particular influence. The discussion now turns to a 

closer examination of this literature.

Several particularly influential perspectives can be seen in a review of the recent 

research literature concerning teacher cognition during interactive classroom 

teaching. One of these, Shulman's concept of pedagogical content knowledge, 

has already been discussed at length in the previous section.

Perhaps the most influential perspective in research investigating teacher 

cognition during interactive teaching has come from the work of Donald Schb'n 

(1987, 1983). Schb'n's work considers the sort of knowledge that informs 

professional expertise. He rejects the orthodox view of professionalism as 

technical rationality11 and proposes instead a view of professional expertise as 

depending upon a 'kind of knowledge' that is 'inherent in intelligent action' (Schbn 

1983, p. 50). He argues that, 'starting with protocols of actual performance, it is 

possible to construct and test models of knowing' (ibid., p. viii). Through empirical 

research examining five professions - engineering, architecture, management, 

psychotherapy and town planning - Schbn suggests a model of professional 

knowing as 'reflection-in-action'. He argues that 'reflection-in-action' occurs when,

11 This refers to a conception of professional expertise as the application of theoretical knowledge 
to professional situations.
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during spontaneous and intuitive performance, a problematic situation is 

encountered. In this situation, the practitioner becomes a researcher in the 

professional practice context. S/he engages her/himself in a 'reflective 

conversation' through which the problematic situation is reframed, analogous 

problematic situations previously encountered are reconsidered and possible 

solutions to the problematic situation are tested.

Schb'n's perspective has been of considerable importance to research 

investigating the knowledge and thinking that shapes teachers' classroom practice 

because it has promoted the idea that professional practice does not necessarily 

depend on the application of theoretical knowledge to the practice context. 

Furthermore, Schb'n emphasises the significance of experience in professional 

knowledge as he proposes that the recall of previously encountered situations 

plays a role in the process of reframing and making sense of new ones.

However, it is important to note that his model of knowing - 'reflection-in-action' - is 

based on empirical studies in five professions other than teaching - professions 

unlikely to experience the 'complex' and 'ill-structured' context of the classroom 

(Carter 1990). Whilst his proposals for'reflection-in-action' are attractive, the use 

of this model in the context of teacher cognition during interactive teaching must be 

treated with caution. Further empirical work needs to be done in the interactive 

teaching context before its usefulness in describing teacher cognition during 

interactive teaching can be assessed.
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Whilst Shulman's work on pedagogical content knowledge and Schon's on 

'reflection-in-action' have much to offer the educational research community, the 

criticisms outlined suggest that their usefulness in making sense of teacher 

cognition during interactive teaching is limited. However, an alternative perspective 

- which is referred to here as teachers' practical knowledge - appears more 

promising. This perspective brings together the work of a number of researchers 

from different countries. Similar to Schbn, the researchers working within this 

perspective reject the notion of technical rationality in favour of practical rationality. 

They assume that, during interactive classroom teaching, teachers draw upon a 

particular type of knowledge and understanding that is similar to Schon's 

conception of knowing-in-action 12 . Different researchers use different terms to 

describe this knowledge (e.g. 'personal practical knowledge' - Clandinin and 

Connelly 1997, 1985; Clandinin 1989; Connelly and Clandinin 1984; 'professional 

craft knowledge' - Brown and Mclntyre 1993, 1986, 1985; 'practical knowledge' - 

Elbaz 1983, 1981). These different terms arise from the researchers varying 

backgrounds and interests which lead them to emphasise certain aspects of this 

practical knowledge. However, it is not their differences that are of interest here; 

but their commonalities. A review of a number of these studies reveals 

commonalities in the researchers' conceptions of this practical knowledge and in 

their beliefs about the most fruitful ways of investigating it. These commonalities 

indicate their shared conception of this knowledge as:

12 It is worth pointing out, however, that some researchers working within this perspective argue 
that this type of practical knowledge shapes not only practice in the interactive teaching context 
but also practice in other teaching contexts such as planning and evaluation (Clandinin 1985).
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  embedded in action ('embedded in, and tacitly guiding, teachers' everyday 

actions in the classroom' - Brown and Mclntyre 1986, p.36 ; 'a special kind of 

knowledge' which is 'expressed in a person's actions'. - Clandinin 1985, 

p. 362; 'work of teaching ... [is] the exercise of a particular kind of knowledge' - 

Elbaz1981, p. 47);

  tacit ('seldom made explicit' - Brown and Mclntyre 1986, p.36 ; 'largely 

unarticulated' - Elbaz 1981, p. 47);

  derived from experience ('derived from practical experience rather than formal 

training' - Brown and Mclntyre 1986, p.36 ; 'knowledge which has arisen from 

experience' -Clandinin 1985, p. 362).

Further commonalities suggest that they assume that this knowledge can be 

described through:

the study of teachers' teaching involving the detailed observation of classroom 

practice (The complete unit-of-work is directly observed by a researcher and the 

teacher's talk during it is tape-recorded.' -Brown and Mclntyre 1985, p. 16; 'It is 

knowledge which can be discovered in ... the actions of the person' - Connelly 

and Clandinin 1984, p. 137; 'Data for the study was collected through ... two 

periods of observation in Sarah's classes.' -Elbaz 1981, p. 53); 

discussions with teachers about what they do when they are teaching and why 

they do the things they do ('we interview each teacher after... each ... lesson.' - 

Brown and Mclntyre 1985, p. 16; 'It is knowledge which can be discovered ... by
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discourse or conversation' -Connelly and Clandinin 1984, p. 137; 'Data for the 

study was collected through a series of five interviews' - Elbaz 1981, p.53).

Over the past twenty years, research into teachers' practical knowledge has been 

popular and the many studies comprising this perspective have offered various 

insights, both methodological and substantive, into teacher cognition during 

interactive teaching. However, the majority of these studies have tended to focus 

on exploring the generic nature of teachers' practical knowledge. Indeed, out of the 

many studies undertaken, few have explicitly considered the nature of the subjects 

taught by the teachers in question and how this might shape their practical 

knowledge. For example, Brown and Mclntyre (1993) explored the practical 

knowledge - which they refer to as professional craft knowledge - of sixteen 13 

'good' 14 teachers. Four of these teachers taught in the upper end of primary school 

and the remaining twelve spanned ten different subject departments in secondary 

school. The researchers found a number of generalisable elements to all sixteen 

teachers' practical knowledge. For example, one of these was a concern to 

establish and maintain what they refer to as a Normal Desirable State (NDS) -that 

is a pattern of classroom activity deemed by the teacher to be desirable. These 

NDSs varied from teacher to teacher and also varied with stages of a lesson. 

However, any differences observed could not be attributed to the different subjects 

the teachers taught because of the nature of the research design.

13 The sixteen research participants included four primary teachers and twelve secondary school 
teachers teaching in a range of different curriculum areas.

14 Teachers were identified as 'good' largely as a result of consensus from their pupils about their 
strengths. Further criteria, however, including ensuring a wide range of subject specialisms 
were represented and availability and willingness to participate were also seen as important.
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More recently, researchers have begun to explore the subject aspect of teachers' 

practical knowledge. Indeed, research by Batten et al (1993) and Cooper and 

Mclntyre (1996) suggests that the nature of the subject taught does have an impact 

upon the practical knowledge that teachers develop. For example, in a study using 

a similar methodology to Brown and Mclntyre (1993), Margaret Batten in Batten et al 

(1993) mapped out the practical knowledge of twelve Australian teachers from 

three different subject areas - humanities, science/maths and practical subjects. 

She found that teachers from particular subject areas gave more emphasis to 

certain elements of their practical knowledge than teachers from other subject 

areas. For example, the teachers from humanities subjects tended to place more 

emphasis on the significance of classroom environment factors in their teaching, 

such as developing a relaxed, friendly, comfortable atmosphere and a positive 

teacher-student relationship, than the teachers from the other two subject areas.

Research by Cooper and Mclntyre (1996) further suggests the influence of the 

nature of the subject taught on teachers' practical knowledge. In a direct follow up 

to Brown and Mclntyre's (1993) work, Cooper and Mclntyre studied eight English 

and five history teachers and their Year 7 classes within the National Curriculum 

context. They found a set of generalisable constructs concerning these teachers' 

practical knowledge. However, in addition they found that depending on whether 

the subject was English or history the constructs were conceptualised and enacted 

by the teachers in different ways. For example, one of the constructs comprising 

these thirteen teachers' practical knowledge was a concern with aims or long-term
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goals. These aims tended to be more affective in nature (e.g. encouraging 

students to adopt a positive attitude to the subject area) or more cognitive in nature 

(e.g. related to pupils' acquisition of particular knowledge). Furthermore, it seemed 

that the teachers often felt a tension between these two qualitatively different types 

of aims. They sometimes believed that it was not possible to achieve both types of 

aims simultaneously and that they had to either chose one type of aim to achieve or 

prioritise one type of aim over the other. Interestingly, in comparison to the English 

teachers, the history teachers in this study tended to prioritise cognitive aims over 

affective aims. Cooper and Mclntyre suggest that the perceived highly prescriptive 

-in terms of content and learning outcomes - nature of the National Curriculum in 

history in comparison with English might help to explain the greater emphasis of 

the history teachers' practical knowledge on cognitive aims. Indeed, it might be 

that the affective dimension is a much more crucial element to learning English 

than learning history as a result of the differing nature of these school subjects.

Research is beginning to suggest, therefore, that whilst teachers' practical 

knowledge might take the form of a number of constructs that are generalisable 

across subject matter domains (e.g. NDSs, affective and cognitive aims) the ways 

in which these constructs are conceptualised and enacted by teachers is shaped 

by the nature of the subject taught. Furthermore, research by Olsen efa/(1996) 

suggests that, in addition to these generalisable constructs there might be certain 

elements of teachers' practical knowledge that are subject specific. Olsen et al 

suggest that one aspect of science teachers' practical knowledge might comprise
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a conception of preordained science15 , a conception of student autonomy16 in 

relation to practical work in science and the ability to manage the potential dilemma 

that exists between these two constructs. Their study involved the extensive 

observation and interview of three science teachers teaching Newton's second law 

and the conservation of energy. They found that for two of the teachers, Mr 

Dodgson and Mr Jewell, the ways in which they conceptualised the role of 

preordained science and student autonomy in their science teaching meant that no 

dilemma between these constructs existed. However, for the third teacher, Ms 

Sorenson, the way in which she conceptualised preordained science and student 

autonomy meant that a dilemma did exist. Interestingly, her strategy for managing 

the dilemma involved her in compromising her conception of student autonomy.

To summarise, a review of the literature investigating the knowledge and thinking 

that informs teachers' classroom teaching suggests that whilst two of the most 

influential perspectives in recent years - Shulman's concept of pedagogical 

content knowledge and Schon's concept of 'reflection-in-action' - have much to 

offer the educational research community, their usefulness in making sense of 

teacher cognition during interactive teaching is limited. Indeed, the confusion over

15 This was defined as 'the body of knowledge about the natural world, normally expressed in the 
form of generalised laws and principles, that has progressively been developed over decades 
and centuries by means of scientific methods. It is knowledge that many accept as the truth 
about the world' (Olsen ef a/1996, p. 776).

16 Student autonomy was defined as students having responsibility for the decisions made during 
practical work and the analysis and interpretation of experimental results offered.
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whether Shulman's concept of pedagogical content knowledge and its description 

is empirically based or hypothetically derived suggests that caution must be 

exercised when considering its usefulness in describing the subject matter 

knowledge and understanding that shapes teachers' interactive teaching. 

Furthermore, the development of Schbn's concept of 'reflection-in-action' from 

empirical work with five professions other than teaching suggests that research in 

the interactive teaching context needs to be done before its usefulness in 

describing teacher cognition during teaching can be assessed. In contrast, the 

alternative perspective of teachers' practical knowledge appears more promising 

and will provide a useful broad conceptual framework for this thesis. Indeed, whilst 

some assumptions are made about the nature of this knowledge - i.e. it is 

embedded in action, tacit and derived from experience - descriptions of this 

knowledge do not appear to be the result of researcher theorising but rather the 

interpretation of detailed observation of teachers' classroom practice coupled with 

discussions with teachers about their practice. Over the last twenty years 

researchers have begun to map out the nature of teachers' practical knowledge. 

Various studies have suggested that teachers' practical knowledge might take the 

form of a number of constructs that are generalisable across subject matter 

domains. However, since differences have been observed between the 

conceptualisation and enactment of these constructs in a number of teachers 

teaching different subjects it is likely that the nature of the subject taught has a role 

to play in shaping their conceptualisation and enactment. These findings suggest 

the need for more research investigating teachers' practical knowledge in different 

subject areas. Additional research (e.g. Olsen et a/1996) suggests that teachers
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might also develop practical knowledge specific to their subject matter domain 

further indicating the need for research to explore the practical knowledge of 

teachers in different subject areas.



63

Conclusion

This chapter has suggested that despite the wealth of studies in the science 

education literature that have focused on exploring the nature of biology/science 

teaching, little is known about the interactive classroom practices of 

biology/science teachers from the perspectives of the teachers themselves. 

Indeed, there is a lack of insider accounts of biology/science teachers' classroom 

practices and a paucity of exploratory research investigating the subject matter 

knowledge and understanding that shapes biology/science teachers' teaching of 

biology/science without making assumptions about its nature.

Furthermore, this chapter has suggested that a particular perspective - the 

teachers' practical knowledge perspective - from the teacher thinking literature 

offers useful ways of conceptualising and exploring the knowledge and 

understanding that teachers themselves consider to shape their classroom 

practice. Moreover, recent research within this perspective has suggested that the 

knowledge and understanding that guides teachers' classroom practice is shaped 

to some degree by the nature of the subject taught and therefore there is a need to 

explore the practical knowledge of teachers in a variety of different subject areas. 

There has been little research of this sort in science and a thorough search of the 

literature revealed none in biology.
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This thesis, therefore, is located at the intersection of these two fields of literature, 

biology/science teaching and teachers' practical knowledge. It aims, therefore, to 

generate rich, thick descriptions (Goetz and LeCompte 1984) of three A level 

biology teachers' classroom practice and explore the subject matter knowledge 

and understanding that shapes these teachers' teaching of biology.
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Chapter Three

Overall Research Strategy and Data Collection

Introduction

Informed by the literature described and discussed in chapter two, this study 

investigated the following research questions:

1. What are the teachers' characterisations of their successful teaching of biology 

at A level?

2. In what ways and to what extent do these characterisations vary between the 

teachers?

3. What subject matter knowledge and understanding shapes and accounts for 

these characterisations?

In light of the above questions, there was a need for a methodology that would 

enable the generation of teacher accounts of what they consider themselves to be 

doing and why when, according to them, they are teaching biology at A level 

successfully. A methodology was required that would enable the exploration of the 

knowledge and thinking that underlies what the teachers believe to be their 

successful classroom teaching of biology. The purpose of this chapter is to 

describe and discuss the research design of this study: a design formulated to 

investigate the research questions outlined above. In doing this it will consider:
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. the research approach adopted;

. the methodological principles underpinning the conduct of the study; 

. the processes by which access was gained and the selection of cases made; 

. the procedures for the collection of data.
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Research approach

A case study was considered to be the most appropriate research strategy for this 

project. Drawing on the work of Hammersley et al (1998), case study research was 

taken to refer to:

research that involves collecting detailed data relating to a relatively small number 
of cases, data that are predominantly unstructured in character, and that are 
subjected to qualitative analysis

(P-2)

In particular Hammersley et al conceptualise case study research in terms of 

'parallel distinctions between focus and case' (ibid., p. 15). According to them the 

research focus concerns 'the most general set of phenomena (one or more) about 

which a study draws conclusions' (ibid., p. 2) and the case(s) studied concerns 

'the particular objects, specifically located in place and time, about which data were 

collected' (ibid., p. 3). Applying this distinction to the research reported here, the 

research focus becomes teachers' characterisations of their successful A level 

biology teaching and the cases studied become the series of lessons (unit-of- 

work) of three A level biology teachers with one of their A level biology classes. In 

brief, the current study's methodological approach comprised a case study of the 

teaching of A level biology within a small number of A level biology lessons 

undertaken at three sites. Work at these three sites involved spending several 

months in each school attending all A level biology lessons of three selected 

teachers during the teaching of a unit-of-work chosen by them.
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The concept of case study as a research strategy is problematic (Schwandt 1997). 

Indeed, Hammersley et al's definition of case study research is not universally 

accepted in the research literature as sufficiently all encompassing. Their 

definition, for example, suggests that case study research relies upon qualitative 

evidence whilst Yin (1994) argues that case study research 'can be based on any 

mix of qualitative and quantitative evidence' (p. 14). However, I chose to align 

myself with Hammersley et al in this investigation, as their definition proved most 

appropriate. In particular, Hammerseley et al's distinction between research focus 

and case was found to be very useful.
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Methodological principles

The following section discusses the ideas and assumptions that underpinned the 

design and execution of this study. Its purpose therefore is not to provide 

information about the specific data collection procedures that were followed but to 

provide a justification for the ways in which this study was carried out. This 

conceptualisation of the purpose of this section resonates with Smith's (1989) 

perspective of'method as logic of justification' rather than 'method as technique'. 

The aim of this section, therefore, is to explicate the 'logic of justification' of this 

study as conceptualised in terms of its four methodological principles. In doing 

this it draws heavily on the work of Brown and Mclntyre (1993) and Cooper and 

Mclntyre (1996). The four methodological principles are to:

. adopt an open approach;

. adopt a positive stance;

. focus on classroom practice;

. recognise the importance of researcher-participant relationships.

Each of these four principles will be explained in turn and a discussion of how they 

manifested themselves at the data collection level will be presented.

An open approach

The first methodological principle concerned the adoption of an open approach.

This developed from the intention to gain a deep understanding of the three 

teachers' perspectives of their own successful teaching of biology at A level.
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Therefore, the research was not concerned with analysing the teachers' thinking 

and practice in relation to any particular a priori models of teaching such as teacher 

as decision maker (e.g. Butefish 1990) or facilitator of conceptual change (e.g. 

Clement et al 1989; Bentley and Watts 1987). Instead, the open approach 

encompassed a disciplined avoidance to import my own judgements concerning, 

for example, what successful teaching of biology at A level might comprise, in order 

to encourage the perspectives of the teachers to come through. Openness was 

seen to be essential if the teachers were to be encouraged to share their 

perceptions of their successful teaching of biology at A level.

The adoption of an open approach was seen as particularly important in light of the 

paucity of research of this kind in biology/science education. As shown in chapters 

one and two, research into the teaching of biology/science has tended to be 

dominated by studies prescribing how teachers 'ought' to teach biology/science 

rather than exploring what they actually do and why. This has contributed to a 

situation where there are few detailed descriptions of teachers' accounts of their 

everyday teach ing of biology/science and there are almost no theories or concepts 

concerning how teachers teach biology/science derived from empirical evidence. 

Consequently, in order to address this imbalance, an open approach, aimed at 

making sense of teachers' experiences, was seen to be important.

Various strategies were adopted in order to achieve an open approach. First, I 

attempted at all times to refrain from asking closed questions in data collection
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interviews1 and asked instead deliberately open questions (e.g. What did you think 

went well in that lesson in terms of your teaching of biology?) so that I could 

encourage the teachers to share with me their perceptions of their successful 

teaching of biology in the lessons observed.

Second, when probes were used in interviews I attempted to formulate them from 

what the teachers had said or from the lessons themselves rather than importing 

my own ideas. These probes - referred to in the literature as echo probes 

(Bernard 1994) - are discussed in more detail on p. 112.

Finally, I sought to emphasise throughout the project that I was interested in the 

teachers' own understanding of what, for them, constituted successful teaching of 

biology at A level. I hoped that in making explicit the purpose of the project, I might 

reduce the possibility of the teachers producing contrived accounts concerning 

their own subject matter teaching. Indeed, a quotation from a data collection 

interview of one of the teachers, Catherine (identified as C in quotations) 

suggested that she recognised the project's concern with her own understanding 

of her practice. In this quotation, Catherine identified a successful aspect of her 

practice as revisiting subject matter content her students had already come into 

contact with. Having established this, she sought confirmation from myself as to 

the appropriateness of this comment but quickly remembered that it was her

1 Interviews formed one of the major research instruments in this study and are discussed in 
greater detail on pp. 103-121.
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thoughts and experiences that were of primary interest. Consequently, she 

retracted her question and continued to explore her own perceptions. In her words:

C: Right, so recall is important I think, I mean don't you think it is? No you're not 
supposed to answer that! I, yes, I think recall is important because that was 
difficult the first time.

(VI2 C S76-5792).

A positive stance

The second methodological principle was the adoption of a positive stance. This

concerned my intention at all times to adopt a positive perspective on teaching. A 

positive stance was considered to be necessary for three reasons. First, an 

emphasis on the positive provided the teachers with a way of prioritising what to 

talk about after they had taught their lesson. It provided them with a focal point for 

their accounts of their subject matter teaching. They were able to filter out the parts 

of the lesson they felt could have been improved and concentrate on what they felt 

had gone well.

Second, as the data collection interviews required considerable introspection by 

the teachers themselves it was felt that focusing on the positive aspects of the 

teachers' teaching would mean the teachers would be less inclined to be put on 

the defensive when talking about their practice. Indeed, it was felt that an

2 Information stated in brackets after quotations taken from the contextual information or data 
collected in this study indicates where it is taken from by stating the source first, plint refers to a 
post-lesson interview of either short or long type, VI refers to a vignette interview, Expl Int refers 
to the exploratory interview, L refers to a lesson transcript (e.g. L3 refers to the transcript from 
lesson 3 of a teacher's unit of work), the research participant next, C refers to Catherine, J to 
John and S to Sally, and the line numbers in the transcript last. The different types of 
interviews are discussed in more detail later on in this chapter (see p. 103).



73

emphasis on the positive might engender confidence in them and encourage them 

to explore their practice. This is supported by several researchers (e.g. Brown and 

Mclntyre 1993; Cooper 1993) who have suggested that inviting teachers to talk 

about their own successes in the classroom appears to have a motivating effect 

giving them the confidence 'to talk about and explain their actions in the classroom' 

(Brown and Mclntyre 1993, p. 35).

Third, it was felt that exploring the thinking behind what teachers consider they do 

well in the classroom would be of more use to the recipients of the research. It 

was deemed, for example, that student teachers and teacher educators would 

benefit more from findings that focused upon teachers' perceptions of their 

successful teaching rather than of their perceptions of teaching requiring 

development.

The methodological principle of adopting a positive stance manifested itself in this 

study in two ways. First, through the approach to teachers before the project 

began3 and throughout its duration, and second, through the positive emphasis 

given to questions asked in interviews during data collection (see p. 111). It was 

felt that this would encourage the teachers to focus on what they deemed to be the 

successful aspects of their teaching of biology rather than their areas for 

development.

3 A copy of the resume of the project, with its positive emphasis, given to each teacher when 
she/he agreed to be part of the project is found in Appendix B.
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Focus on classroom practice

The third methodological principle concerned the project's commitment to start 

with classroom practice. By this it is meant that the study deliberately took the 

teaching events of actual lessons as the starting point for the investigation and has 

sought to work from these events to generate understandings of teachers' 

knowledge and thinking. This principle is seen as important for three reasons. 

First, a number of empirical studies have shown that there can be a significant 

difference between teachers' plans for their lessons and the ways that they actually 

teach (e.g. Weade 1987). The findings of such studies imply that what teachers do 

in the classroom can differ from what they intend to do. These implications 

strongly suggest that any desire to understand the actual classroom practice of 

A level biology teachers' teaching of their subject needs to focus not on the 

teachers' intentions for a lesson but concern itself with making sense of actual 

lessons events and teachers' perceptions of those events.

A theoretical distinction made by Argyris and Schon (1974) also supports the 

suggestion that making sense of teachers' classroom practice requires the direct 

study of that practice. These academics distinguish between two types of theories 

of action, a person's: 'theory-in-use' defined as the theory that actually governs the 

actions of a person; and a person's 'espoused theory' defined as the theory that a 

person believes guides his/her actions. As Argyris and Schon make quite clear, an 

individuals 'theory-in-action' 'may or may not be compatible with his espoused 

theory' and in light of this put forward the case for the direct observation of an



75

individual in order to learn about his/her 'theory-in-action' as is illustrated in the 

following quotation:

We cannot learn what someone's theory-in-use is simply by asking him. We must 
construct his theory-in-use from observations of his behaviour.

(PP. 6-7)

The second reason for the practice-orientation of this study relates to the largely 

unarticulated knowledge and understanding of teachers that was sought. A 

number of academics, notably Brown and Mclntyre (1993) and Cooper and Mclntyre 

(1996), have argued that grounding teachers' accounts (and in the case of Cooper 

and Mclntyre also pupils' accounts) of practice in researcher observed classroom 

events encourages access to tacit knowledge and understanding because:

1. It reinforces the point that the focus of research is on what actually happens 
in classrooms.

2. It constrains the teachers to concentrate on real and shared events rather 
than imagined reconstructions.

3. It provides the means for a limited check from the researchers' observations 
and the audio recording, on the teachers' accounts of what has happened.

(Adapted from Brown and Mclntyre 1993, p. 36)

The third reason for this study's commitment to begin with classroom practice is 

motivated by arguments that research that is grounded in the events of real 

classrooms is more likely to generate findings of relevance to practitioners in the 

school context. This recognises a gap that is often seen to exist between research 

in education and actual practice and suggests that one way in which this gap can 

begin to be bridged is through research that focuses on exploring the practice that 

occurs in real classrooms.



76

The principle of starting with classroom practice has influenced the conduct of this 

study in several ways. To begin with, it was evident in the data collection 

procedures that were used, for example, the observation and audio-taping of the 

teachers teaching a series of lessons. Furthermore, it shaped the ways in which 

the teacher interviews were carried out in that the focus of my questions and 

probes in these interviews were explicitly concerned with the teachers' actions and 

perceptions of their actions in the observed lessons.

Recognition of the importance of researcher-participant relationships

The fourth methodological principle, recognition of the importance of researcher- 

participant relationships, emerged from my awareness that decisions had to be 

made concerning the most appropriate relationship to develop and sustain with the 

teachers over the duration of the research project in order to gain access to the 

information sought. I felt that if I gained their trust and developed a good 

relationship with them I would be more effective in encouraging them to share with 

me their thinking about what they were doing, and why, in the specific lessons 

observed, when, according to them, they were teaching biology successfully. This 

belief is supported by evidence from the research literature that suggests that rich 

data is more likely to be collected when trust and rapport have been established 

between researcher and participants. Johnson (1975), for example, states that 

field researchers identify the 'critical importance of personal relationships involving 

trust for gathering data in social research' (p. 111). Furthermore, Cooper (1993) 

illustrates the importance of good field relations in order to gain access to 

subjective experience when he describes the need to combine 'ease of manner,
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trustworthiness and approachability1 in order to access 'less superficial levels of 

experience' (p. 326).

The need to recognise the importance of researcher-participant relationships 

permeated all phases of the project. To begin with, it led to the development of an 

ethical statement (see overleaf) which guided my practice in all three case studies. 

Furthermore, the preparatory phase, outlined in detail on pp. 90-97, set out, as the 

main purpose, to build good relationships through informal conversations, regular 

periods of observation in the participants' classrooms, meetings and interviews. 

Similar opportunities to sustain good relationships during the data collection 

phase were planned involving informal social conversations both before and after 

lesson observations and interviews. In addition, various steps were taken to 

ensure that the atmosphere of the interviews was as unthreatening as possible 

(see p. 95 for a description and discussion of these steps). Finally, after data 

collection reasonably regular contact was maintained with the three research 

participants. It was felt that such social contact was important to sustain rapport 

with the teachers and to repay their contribution to the research undertaken.
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The Study's Ethical Statement

Responsibilities of the researcher

1. Confidentiality - to ensure that all teachers have confidentiality of their 
words, whether spoken or written, and anonymity within any written product 
of the research; but, in addition, that they are aware of the limits of such 
confidentiality and anonymity given the small-scale of the study.

2. Informed consent - to ensure that all teachers are fully and honestly 
informed about the purpose of the research, what it entails, the role of the 
researcher and the likely outcomes of the study before any research begins. 
Participants should give full consent - with the knowledge that they have the 
right to withdraw from the study at any time - before the research goes 
ahead.

3. Maintain appropriate relationships - to ensure that the relationships 
developed between researcher and participants are characterised by 
honesty and openness and that the researcher is supportive, rather than 
critical, of the actions of the teachers and the contexts in which they work.

Researcher's rights

1. Interpretation - to interpret the results using empirical evidence to support 
the views developed.

2. Protection of information - to withhold access from teachers to data 
concerning other participants in the study.

3. Right to publish - to publish the final report or parts of it without the 
permission of the teachers.

4. Methodological developments - to negotiate any methodological 
developments felt necessary as a result of interactions with research 
participants.

The study's ethical statement (above) draws upon the guidelines suggested by 

BERA (1992) and various other researchers (e.g. Kvale 1996; Hammersley and 

Atkinson 1995). It was produced at the start of the first case study and guided my 

practice in all three case studies. Table 3.1 overleaf provides examples of its 

operationalisation within the three case studies.
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Table 3.1 The operationalisation of the Ethical statement

The ethical measures deemed 
necessary to ensure:

The actions undertaken with respect 
to the teachers:

Responsibilities of the researcher

1. Confidentiality
a) access to raw data will be restricted 

to the researcher and her academic 
supervisors.

b) pseudonyms will be used for all 
teachers, pupils and schools in the 
study as well as any other 
information deemed necessary to 
protect the anonymity of the 
teachers, their pupils and their 
colleagues etc.

c) teachers will be informed of the 
possible limits of the above 
measures.

2. Informed consent
a) teachers will be fully and honestly 

informed about the purpose of the 
research, what it entails, the role of 
the researcher and the likely 
outcomes of the study before any 
research begins.

b) teachers will be informed of their 
right to withdraw from the study at 
any time.

3. Maintain appropriate relationships
a) the nature of the relationship 

between the researcher and the 
respective teachers will be 
discussed at the outset of the 
research.

b) the researcher will seek to be 
supportive, rather than critical, of the 
actions of the teachers and the 
contexts in which they work.

a) and b) carried out.

c) discussed with teachers in first 
meeting with them (see gaining access 
pp. 85-86).

a) discussed with teachers in first 
meeting with them (see gaining access 
pp. 85-86); provided with written 
summary of project and what it would 
entail plus a further confirmation letter 
upon their agreement to participate in 
the research project (see Appendix B); 
further discussed with teachers in 
preparatory phase of project (see pp. 
90-97).
b) discussed with teachers in first 
meeting with them (see gaining access 
pp. 85-86).

a) discussed with teachers in first 
meeting with them (see gaining access 
pp. 85-86); further discussed in 
preparatory phase (see pp. 90-97).

b) achieved through positive, non- 
judgemental interviewing role; further 
achieved through trying to be helpful 
before and after classes e.g. tidying up, 
shutting windows etc.
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The ethical measures deemed 
necessary to ensure:

The actions undertaken with respect 
to the teachers:

Rights of the researcher

1. Interpretation
a) the researcher reserves the right to 

interpret the data collected using 
empirical evidence to support the 
views developed.

2. Protection of information
a) the researcher reserves the right to 

withhold access from teachers to 
data concerning other participants 
in the study.

3. Right to publish
a) the researcher reserves the right to 

publish the final report or parts of it 
without the permission of the 
teachers.

4. Methodological developments
a) the researcher reserves the right to 

negotiate any methodological 
developments deemed necessary 
in response to data collection.

a) discussed with teachers.

a) discussed with teachers.

a) discussed with teachers.

a) discussed with the first case study 
during data collection.
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Case selection

As stated at the beginning of this chapter, the current study's methodological 

approach comprised a case study of teachers' characterisations of their 

successful teaching of biology at A level within a small number of A level biology 

lessons at three sites. Consequently the project involved selecting three teachers 

of A level biology from which the three cases - a unit-of-work each teacher was 

teaching to an A level biology class - could be drawn. This section will consider 

the thinking behind these selections and the way in which they were carried out.

Selecting the teachers

The selected teachers represented a purposive sample (Miles and Huberman

1994) of three biology teachers. Four criteria governed their selection. The 

selected teachers were:

1. teaching A level biology to an A level class;

2. teachers judged to be successful practitioners;

3. willing to work with myself and volunteer their professional time and expertise;

4. working in schools which were easily accessible from the University 

Department at which I was based.

The first criterion related to my expectation that investigating A level biology 

teaching would provide me with the purest possible sample of the subject matter 

aspect of biology teaching. The reason for this was based on the assumption that 

since A level students voluntarily choose their subjects and are usually well
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motivated and interested in them, the classroom management issues experienced 

in teaching lower years would be minimal, if not non-existent. Consequently, the 

majority of lesson time would be spent teaching biology rather than disciplining 

students. The second criterion related to my desire to explore the knowledge and 

understanding that shapes the practice of teachers who are deemed successful at 

getting the subject matter of biology across to their students in a comprehensible 

way. Identifying successful practitioners, however, is a thorny issue (Brown and 

Mclntyre 1993). There are innumerable ways of judging the success of a teacher's 

teaching including examination results, pupil comments and observations from 

colleagues, parents and governors. I was aware, however, that as a novice 

researcher, accessing information from various sources such as pupils, 

colleagues and parents would be problematic and might in the end make it difficult 

to develop relationships with the research participants. Consequently it was 

decided that the judgements of two individuals who had considerable contact with 

and general knowledge of practitioners in the area - the Local Education Authority 

Science Advisor and the University Department of Education's tutor of biology - 

would be sought in order to select the teaching sample. The third criterion related 

to my belief that because the research required a considerable time commitment 

from teachers, only teachers who were still willing to volunteer when made aware 

of this considerable commitment would make suitable research participants. The 

fourth criterion related to the practicalities of carrying out a study that necessitated 

frequent school visits at varying times over a prolonged period. Consequently, only 

schools that were in close proximity to the University at which I was a research 

student were identified as potential sites for the selection of cases.
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The process of selection occurred in two stages. First, the Local Education 

Authority Science Advisor and the University Department of Education's tutor of 

biology were independently interviewed. The purposes and aims of the research 

were made clear, in particular the reasons why their help was being sought. They 

were asked to identify any practising A level biology teachers in the area that they 

judged to be good subject matter teachers - that is, in their opinion, successful in 

getting their students to develop knowledge and understanding of biology at A level. 

Second, the names of the teachers suggested by both interviewees were 

compared and a list compiled. This list was based first on whether the individuals 

had both described the same teachers and then according to the distance of the 

schools in which the teachers worked from the University Department. In the first 

instance three teachers were asked if they would like to participate in the project. It 

was made clear to them that participation in the project would require them to 

volunteer a considerable amount of their professional time. It was anticipated that 

they may be unable to participate or would refuse, however all three accepted so no 

further selection was required.

There were several reasons for deciding upon a sample size of three teachers 

from which the three cases would be drawn. To begin with, it was felt important for 

the number of cases to extend beyond one in order for the study to benefit from the 

advantage of being able to compare and contrast between cases. Miles and 

Huberman (1994) argue that multiple-case sampling 'adds confidence to findings' 

by allowing the researcher not only to develop hypotheses but also to modify and
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test them as well. Having made the decision for the project to incorporate more 

than one case, the reason for the choice of three was governed by practical 

limitations. Time constraints were the major contributory factor in selecting this 

number. As the research involved intensive observations of a series of lessons of 

three A level biology teachers with one of their A level biology classes and 

subsequent interviews with each participant, it was felt that extending the study 

beyond three cases would not have been possible in the time frame available. In 

addition, the nature of the research required close, intensive, maturely developed 

relationships with the participants from which the cases were drawn. These 

relationships would have been diminished and diluted by a larger number of cases 

that would have required relationships to have been established with additional 

teachers. Furthermore, it was thought that three cases would provide a rich 

enough data set without generating an unmanageable amount of data.

Selecting the classes and units-of-work

As outlined earlier, I decided that the case for this research project would be a 

series of connected lessons, termed a unit-of-work, rather than a number of 

unconnected one-off lessons. A number of reasons governed this decision. Early 

discussions with all three teachers suggested that they tended to teach biology at 

A level in relatively discrete topic areas as identified in their syllabuses. These 

topic areas would span a series of lessons as the large amounts of very difficult 

content to be understood meant that the topics could not be covered in single 

lessons. In addition, experiments set up in one lesson often required a follow up 

in a subsequent lesson. It made sense then to observe a series of connected 

lessons rather than a number of one-offs. Furthermore, I felt that establishing and
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maintaining rapport, identified as so crucial for the generation of rich accounts, 

would be more readily achieved over reasonably intense periods of research with 

frequent contacts rather than extended over a long period of time with relatively 

infrequent contacts. Having decided for the purposes of this project to observe the 

teachers teaching a series of connected lessons, the selection of the classes the 

teachers would be teaching and the series of lessons (unit-of-work) to be observed 

were decided upon by the teachers themselves in early discussions with myself. 

John decided to teach a unit-of-work entitled Blood and Circulation, Catherine a 

unit-of-work on Respiration and Sally a unit-of-work termed Digestion. 

Comprehensive details of the subject matter content comprising each unit-of-work 

can be found in Appendix A. A detailed description of the lessons comprising each 

unit-of-work can be found in chapter five.

Gaining access

Access was achieved in the first instance by a letter sent directly to each teacher4

setting out the aims of the project and the reason for approaching them. The 

teachers' response to the letter resulted in a brief meeting between each teacher 

and myself. This meeting enabled me to elaborate upon the proposed research 

project, to provide the teacher with a written summary of what the research would 

entail 5 and to discuss the ethical issues arising from their involvement. Fortunately 

all three teachers were interested and at this first meeting made apparent their 

willingness to become involved. The meeting continued with the negotiation of the

4 A copy of this introductory letter can be found in Appendix B.
5 A copy of this written summary can be found in Appendix B.
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most appropriate time for the research to be undertaken; the A level group to be

c

studied and whether formal support from school 'gatekeepers' was felt by the 

teachers, to be required7 . A letter8 followed the initial meeting confirming the 

teachers' involvement in the research project and included details of the procedure 

to be subsequently followed.

6 As all three teachers taught an A level group from both Year 12 and Year 13 they had to 
choose which group they would prefer me to observe them teaching.

7 For two of the teachers, letters (see Appendix B for copies) were sent to key 'gatekeepers' (i.e. 
Headteacher, Head of Science) in the school asking for their support for the project. For one of 
these teachers an additional brief meeting with a key 'gatekeeper1 was also arranged. The 
third teacher obtained 'gatekeeper' support informally.

8 A copy of the confirmation letter can be found in Appendix B.
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Data Collection

This thesis was concerned with making sense of the knowledge and 

understanding that shaped three teachers' successful teaching of biology at 

A level. The focus of the project was to investigate what the teachers perceived they 

were doing and why when, according to them, they were teaching biology at A level 

successfully. In light of this purpose, there was a need to generate detailed 

accounts of what the teachers perceived they were doing and their reasons for why 

they were doing these things when they were engaged in, what they deemed to be, 

their successful teaching of biology at A level. As Yinger (1986) points out, 

however, research of this nature - that is research on interactive teaching - has to 

confront what he identifies as 'an especially sticky methodological issue' (p. 267). 

He summarises this in the following quotation:

Basically it [research on interactive teaching] involves gaining access to teachers' 
thoughts under conditions where it is impossible to have concurrent reporting. 
Having teachers report what they are thinking whilst in the midst of interacting 
would lead to incredibly distorted classroom processes even if this complex 
combination of self-monitoring, reporting and acting would be psychologically 
possible.

(ibid., p. 267)

In light of Yinger's comments, it was decided that the most appropriate way of 

accessing the information sought would be through interviews conducted as soon 

as possible after particular lessons taught by the teachers and observed by myself. 

Indeed, research by Brown and Mclntyre (1993) and Cooper and Mclntyre (1996) 

suggests that interviews undertaken as soon as possible after researcher 

observed lessons - 'preferably immediately and certainly the same day' (Brown 

and Mclntyre 1993, p. 36) - can help teachers gain access to the practical



88

knowledge and understanding that shapes classroom practice. Consequently, 

interview and observation formed the major research instruments in this study. It is 

important to note, however, that prior to data collection, there was a preparatory 

phase, the main purpose of which was to develop rapport with the research 

participants and undertake any necessary preparations for the collection of data. 

Consequently, in the following section I shall describe and discuss first this 

preparatory phase and then move on to the data collection phase. In order to 

provide the reader with an overview of these two phases, table 3.2 (see overleaf) 

produces a summary of the main purposes and activities of each phase. The 

general pattern of each phase was the same for each teacher. However, within 

some of the phases the details did differ. These will be outlined in the following 

discussion.
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Table 3.2 The main purposes and activities of the preparatory phase and data 
collection phase of this research project

Case Study Phase 
(Duration)

Main purposes Activities

Preparatory Phase

Case study 1 (4 weeks) 

Case study 2 (2 weeks) 

Case study 3 (2 weeks)

1. Develop rapport with 
research participants

2. Prepare for data 
collection phase

3. Collect contextual 
information about 
research participants 
to enrich data 
collected in data 
collection phase

a. Periods of
observation in
classrooms 

b. Two interviews - the
Exploratory interview
and the Unit-of-work
interview 

c. Informal social
interaction with
teachers

Data collection phase

Case study 1 (5 weeks) 

Case study 2 (3 weeks) 

Case study 3 (3 weeks)

Collect suitable data 
to answer research 
questions

Non-participant 
observation and 
audio recording of 
lessons
Three different types 
of interviews with 
each research 
participant after 
observed lessons
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Preparatory phase

Each case study began with a period of time prior to the specific data collection 

where I was present in the classroom and school but was not seeking to collect 

data. This period of time involved a number of visits to each case study site over a 

period of two to four weeks. The visits combined spending time with each teacher 

outside the classroom and spending time observing the class that the teacher 

would be teaching during the research period. These visits served a number of 

purposes including:

. providing an opportunity to build a relationship with each of the teachers and

develop rapport; 

. providing an opportunity to collect contextual information about each research

participant to enrich the data collected; 

. providing an opportunity to: clarify basic issues, such as the role I would adopt

throughout the data collection phase of the project; fulfil some administrative

objectives such as organise times and dates for data collection interviews; and

make practical arrangements such as where I should sit in the class to be least

intrusive; 

. providing occasions to minimise a potential threat to the validity of the data

generated - the reactivity of myself as the researcher.
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Each of these purposes, and the details of how they were achieved, are discussed 

in turn below.

Building relationships with research participants: developing rapport 

The key nature of good researcher-participant relations in this study has already 

been acknowledged in the section on methodological principles on pp. 76-77. As 

mentioned above, one of the major purposes of the preparatory phase was 

building a relationship with each research participant. The main goal here was the 

establishment of rapport. As Bogdan and Taylor (1984) report, rapport is 'not an 

easily defined concept' as it encompasses many facets including:

  Communicating a feeling of empathy for informants and having them accept it 
as sincere.

  Penetrating people's "defenses against the outsider" (Argyris, 1952).

  Having people "open up" about their feelings about the setting and others.

  Being seen as an "OK" person.

  Breaking through the "fronts" (Goffman, 1959) people impose in everyday life.

  Sharing in informants' symbolic world, their language, and perspectives 
(Denzin, 1978).

(P- 36)

A number of strategies assisted the development of rapport and encouraged good 

ongoing relations with each research participant.

Sociability

The methodological literature (e.g. Hammersley and Atkinson 1995; Bogdan and 

Taylor 1984; Beynon 1983) advises researchers in the initial stages of developing 

rapport with their research participants to 'establish what you have in common with
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them' (Bogdan and Taylor 1984, p. 37). As Hammersley and Atkinson (1995) point 

out The value of pure sociability should not be underestimated as a means of 

building trust' (p. 89). My presence in the school throughout the preparatory phase 

afforded occasions for informal social conversations between each research 

participant and myself. During these conversations I attempted to find some 

'neutral ground' (Hammersley and Atkinson 1995), topics of mutual interest that 

could provide a resource 'to keep the conversational door ajar' (Beynon 1983, p. 

90). With one participant, for example, a mutual teacher colleague provided an 

early link for conversation. With all three participants, the internship programme at 

the university to which I was attached as a researcher, provided a common topic of 

interest as each case study site had been, or was at the time of the research, 

linked to the programme.

This emphasis on sociability was not only of importance in the initial stages of the 

project but remained a key strategy throughout the study. Throughout the fieldwork, 

where appropriate, time was made for each teacher and myself to engage in 

relaxed, informal social conversation.

Presentation of 'self

Presentation of'self was also key in the development of rapport between the three 

teachers and myself. As Bogdan and Taylor (1984) suggest, developing rapport 

relies in part upon the researcher coming across as 'the type of person to whom 

they [research participants] can express themselves without fear of disclosure or 

negative evaluation' (p. 38). Indeed, Johnson (1975) suggests to researchers to try 

to 'appear as a humble person' (p. 95) as Bogdan and Taylor (1984) warn that
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research participants may'be reluctant to express their feelings if the observer acts 

too knowledgeable' (p. 38).

As it turned out, it would not have been possible for me to have appeared 'too 

knowledgeable' in this study. As a novice teacher and novice researcher at the 

time the study began, I had little experience of the classroom and very modest 

knowledge of research. Consequently, I simply presented 'my' 'self in the field - 

an individual with little knowledge and experience about the successful teaching of 

biology at A level but with a real eagerness to learn from practitioners themselves.

Being flexible

Once it had been agreed that the research participants were happy to be part of the 

research project, the period of research at each case study site, including lesson 

observations and interviews, was arranged at the convenience of each research 

participant. Given the enormous time commitment they would contribute to the 

project it was deemed essential for this to be the case. It was felt that displaying 

such flexibility might assist the development and preservation of rapport - certainly, 

being too prescriptive would not have favoured the fostering and maintenance of 

good relations.

Collecting contextual information

The preparatory phase also provided the opportunity to collect contextual 

information about the teachers and their units-of-work. Although not counted as 

data, and therefore not analysed directly, this information did enrich the data and
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inform the analysis and hence is reported here9 This contextual information was 

collected in two interviews - the exploratory interview and the unit-of-work interview. 

Both of these interviews can be described as 'semi-structured' (Bernard 1994) as 

despite having much of the 'freewheeling quality of unstructured interviewing' (p. 

209) their execution depended upon the use of an interview guide10 . The 

exploratory interview was concerned with finding out about the teachers':

. educational background and life history;

. reasons for becoming a teacher;

. professional history as an A level biology teacher;

. perceptions of teaching A level biology.

The unit-of-work interview focused on obtaining information concerning the 

teachers':

. overall unit-of-work including the proposed number of lessons and plans;

. individual lessons including the teaching and learning strategies employed;

. plans for assessment and reason for choosing the unit-of-work.

Guides for each interview can be found in Appendix C. Collectively, these 

interviews provided information about the teachers, the contexts in which they

9 The role of contextual information in enriching data and informing analysis is described and 
discussed in chapter four.

10 This refers to a written list of questions or topics that are required to be covered during the 
interview.
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worked and, more specifically, the units-of-work that would provide the focus of the 

three case studies.

It is worth pointing out that I took various steps to try to ensure that these interviews, 

and all subsequent interviews, did not come across to the research participants as 

overly threatening situations. Prior to interviewing, for example, I encouraged the 

teachers to decide when it would be most convenient for them to be interviewed. It 

was felt that this would help to encourage them to feel at ease and in control. 

Choice of location for the interview was also left up to the teacher so that s/he could 

pick a place where s/he felt comfortable. However, it was suggested that a quiet 

location would be preferable. In addition, informal chatting with the teacher both 

before and after the interview was always encouraged and a thorough explanation 

of the purpose of the interview was always given. Furthermore, during the 

interviews I attempted to develop a relaxed and friendly atmosphere (Oppenheim 

1992), utilising such strategies as the silent probe 11 (Bernard 1994), pacing 12 and 

displaying supportive and interested body language (Gorden 1975).

11 This consists of 'just remaining quiet and waiting for an informant to continue 1 (Bernard 1994, p. 
215). As Bernard points out, such a technique provides interviewees with time to reflect and 
gather their thoughts at appropriate points in the interview. Gorden (1975) suggests that giving 
interviewees this space and time sets a relaxed and informal atmosphere.

12 This concerns the interviewer controlling her rate of speech. If the speed at which she asks 
questions is reasonably slow, Gorden (1975) suggests this will lower any anxiety on the part of 
the interviewee and help to develop a relaxed, thoughtful atmosphere.
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Clarifying research issues and making arrangements

The preparation phase prior to data collection also provided me with the 

opportunity to clarify various issues such as the role I would adopt as a non- 

participant observer throughout the classroom based aspect of the research, fulfil 

some administrative objectives including organising times and dates for data 

collection interviews and make various practical arrangements such as where I 

should sit in the classroom in order to be least intrusive.

Minimising researcher reactivity

The data collection itself - as indicated in table 3.2 - involved, in part, myself as a 

non-participant observer observing a series of each teacher's lessons. The exact 

nature of this role and the decision-making involved in choosing to adopt such a 

role is discussed further on pp. 97-102. The choice to observe as a non-participant 

in the classroom presented me with a potential threat to the validity of the data 

generated - namely the reactivity of myself as the researcher. As a non-participant 

it was inevitable that I would upset the working environment of the classroom. The 

phase of preparation prior to data collection ensured that I could take measures to 

minimise this reactivity. During this time, I sat in on lessons with all my audio 

equipment to provide each teacher and their respective students with the 

opportunity to adjust to the presence of myself and the research equipment I would 

be using during data collection. Such a practice, Franfort-Nachmias and 

Nachmias (1996) argue can reduce the artificiality of an observational research 

situation as the individuals observed 'become accustomed to the observer and do 

not regard him or her as an intruder' (p. 206). Similar sentiments as to the value of
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this practice are also articulated by Schatzman and Strauss (1973) who suggest 

that if, prior to data collection, the researcher persists in being present in the 

potential research situation:

he can reasonably expect that in time his presence - eventually seen as no threat 
-will become integrated and normalised ... Then, the life and work of the people 
there will go on much as it did before he came. After all, their work and other 
pursuits are more important to them than merely impressing the researcher.

(p. 58).

Data collection phase

The purpose of data collection was to generate data concerning the teachers' 

knowledge and understanding of their successful teaching of biology at A level 

grounded in real classroom events. To this end it involved:

. non-participant observation and audio recording of every lesson of each 

teacher's unit-of-work, the taking of lesson observation notes and the collection 

of any materials, such as handouts, used during the lesson;

. three different types of interview - 'long' and 'short post-lesson' interviews and 

vignette interviews -following the observations.

The details for each are outlined below.

Non-participant observation

The research design involved observing each teacher teaching a series of

connected lessons - a unit-of-work - concerning a particular biology topic that they
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had chosen prior to the start of the research 13 . By being present in the lessons I 

felt that I would be able to experience with each teacher their teaching. 

Furthermore, I felt that this would help reinforce to each participant that the focus of 

the research was with their perceptions of their successful teaching of biology 

within those specific lessons and not reflections on their teaching in general. 

Furthermore, my presence in the classroom meant that it was possible to make a 

permanent audio recording of the lessons observed 14 This ensured that the 

lesson tapes could be used in the vignette interviews15 and also throughout 

analysis. Moreover, my presence in the classroom made it possible to take lesson 

observation notes. These notes provided a general schedule of classroom 

events16 and enabled a record of all non-oral components of the lesson such as 

instructions and diagrams written on the board -seefigure 3.1 for an example - to 

be produced. Furthermore, my presence in the classroom enabled the collection 

of any additional curriculum materials, such as handouts used during the lesson - 

see figure 3.2 for an example. These different sources supplemented the 

permanent audio-recordings to bring together, for the purposes of analysis, a 

rounded picture of the lessons observed.

13 The reasoning behind the decision to observe a unit-of-work was discussed on pp. 84-85.
14 The teacher was equipped with a radio microphone in order to achieve this.
15 These interviews are discussed on pp. 117-121.
16 In order to keep track of time progression in the lesson, at five minute intervals the time was 

recorded in the notes taken. These lesson observation notes also provided a full record of 
lesson events if the audio equipment failed - as it did momentarily on several occasions.
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Figure 3.2 A copy of an additional curriculum material - class work and 
homework questions - aiven out in lesson 4 of Sally's unit-of-work.

DIGESTION IN MAMMALS

1. What stimulates the salivary glands to secrete saliva?
2. What is the role of mucus in saliva?
3. Describe the action of the enzyme AMYLASE. What pH is its optimum?
4. How would you test for a reducing sugar? For starch?
5. How is mechanical digestion brought about in the mouth?
6. Name the 4 basic GUT LAYERS.
7. Write a definition for DIGESTION.
8. What is PERISTALSIS?
9. What happens in the OESOPHAGUS?
10. There are 3 sphincters (CARDIAC AND PYLORIC) where are they found and what is 

there purpose?
11. Rennin is in gastric juice. What does it do?
12. Which cells produce PEPSINOGEN? Why is pepsinogen produced? What converts it 

to PEPSIN? What does pepsin do? Is it an endopeptidase or exopeptidase?
13. Which cells produce hydrochloric acid? What is its job?
14. How does the stomach stop from digesting itself?
15. How would you test for a protein?
16. How is mechanical digestion achieved in the stomach?
17. Is the production of gastric juice as a result of nerves or hormones? Explain.
18. How do hormones reach their target organ?
19. What are the names of the regions of the small intestine?
20. The duodenum produces many enzymes. Name these, the substrate they act on and 

the end products of digestion. Distinguish between aminopeptidases and 
carboxypeptidases.

21. What is bile? Where is it made? Where is it stored? What is its purpose?
22. What are the following: secretin, pancreozymin and cholecystokinin and what do 

they do?
23. What are the enzymes in pancreatic juice?
24. How can we test for lipids (fats and oils)?
25. In the ileum are villi. Draw a diagram (and label) of a villus. What are the advantages 

of the villi and microvilli?
26. How can the rate of glucose absorption be increased? (in the epithelial cells). Draw 

a diagram of an epithelial cell.
27. Why is (and what is) active transport necessary?
28. How is absorption of fat droplets (chylomicron) achieved?
29. What is the hepatic portal vein? Where is it? What does it carry?
30. What are the regions of the large intestine?
31. What happens in the caecum and appendix of some herbivores e.g. rabbit? (Hint: 

Bacteria)
32. The colon is where faeces are formed. Explain how the structure of the colon 

enables this to happen. Why is fibre useful?
33. What type of muscle is the rectum?
34. Distinguish between ingestion, absorption and egestion.
35. Ask for a sweetie!!
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The 'complete observer' (Junker 1960) 'identified with eavesdropping and 

reconnaissance in which the researcher is removed from sustained interaction 

with the informant' (Burgess 1984, p. 82) best describes the role I adopted 

throughout the observational part of the research project. I took up as unobtrusive 

a position as possible at the back of the classroom and listened to the classroom 

interactions through the earpiece of my audio-equipment. I chose to adopt this role 

as I sought, as much as possible, to preserve the 'normal classroom situation' 

(Singleton etal 1993) in order that each of the teachers could continue teaching in 

the sorts of ways they normally would 17 . I was aware, however, that it is not 

possible to 'eliminate the effect of the observer in science' (Goode and Hatt 1952) 

and that non-participant observation as an observational strategy poses its own 

problems. Schatzman and Strauss (1973) succinctly summarise the major 

problem associated with non-participant observation in the following quotation:

the spectre of a relatively impassive observer whether or not taking notes, barely 
showing appropriate affect or active curiosity, and offering few if any cues as to 
what he is 'really up to', can be very disturbing to hosts.

(pp. 59-60)

To mitigate this, I took the advice given by Goode and Hatt (1952) who argue that:

the patterns of the society are not likely to be changed in important ways by the 
presence of an outsider, if the role for the latter is properly defined.

(p. 122)

17 Participant observation, as a potential observational strategy, was felt inappropriate, as it would 
involve me interacting with both teacher and students in the classroom thereby significantly 
altering 'normal' classroom dynamics.
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I ensured that before beginning this phase of the research project I clarified my 

chosen role as a non-participant observer with each teacher and ensured they 

were accepting of this. This clarification was achieved in the preparatory phase18 

Here, I described to the teacher the non- participatory, 'fly on the wall' stance I had 

chosen to adopt including setting out my reasons for deciding to take on this role. 

Together with each teacher I discussed what in practice this role meant in the 

classroom including where I would position myself during lessons, how I would be 

introduced to the students and how they should treat me. Furthermore, as 

identified on pp. 96-97, I also sat in on several of each teacher's lessons with my 

research equipment prior to data collection to provide each teacher and their 

respective students with the opportunity to adjust to the presence of a non- 

participant observer and audio equipment in their lessons.

Afurther potential issue concerning the adoption of a non-participant observational 

stance concerned the sheer physical presence of another adult in the classroom 

prospectively disrupting proceedings by, for example, sitting unknowingly in front of 

a drawer full of practical equipment for a particular lesson 19 . In order to minimise 

any disruption of this kind I spoke with each teacher prior to observing every lesson 

in order to ensure that my observational position within the class would not 

interfere with normal classroom proceedings.

18 This occurred during the informal discussions that took place in the preparatory phase.
19 This problem was encountered when I observed a lesson during the preparatory phase of the 

project.
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The Interviews

This section will discuss the methodological developments that were deemed 

necessary as a result of experiences with interviewing during the first case study. 

The three sections following will discuss each type of data collection interview in 

more detail.

Initially it was planned that each observed lesson would be followed by a 'long 

post-lesson interview'. The purpose of this type of interview was to generate 

teachers' accounts of their own successful teaching of biology at A level grounded 

in real classroom events. 'Long post-lesson interviews' would encourage the 

teachers to explicate what they felt was their successful teaching of biology at A 

level and why in the particular lessons observed.

There were two requirements associated with these'long post-lesson interviews': 

the need for immediacy and the need for quality time. First, it was felt important that 

the teachers should be interviewed as soon as possible after the observed lesson 

in order to access the type of information sought. Ideally, the 'long post-lesson 

interview' should take place either immediately or certainly on the same day. This 

was considered crucial as it was felt that the longer the space of time between the 

observed lesson and the interview the greater the chance that the teacher's rich 

and detailed discussion concerning the specifics of the particular lesson might 

suffer from memory loss and possible distortion. The nature of a teacher's job is 

such that within just a days/he can interact with a number of different classes and 

teach a number of different subject matter areas. As a result of this, if interviews
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were unable to occur immediately after an observed lesson or on the same day as 

an observed lesson, in the interim period, the teacher would have had many other 

teaching experiences. Moreover, it is possible that these experiences might mean 

that recalling specific events from a particular lesson would be more problematic 

as memories of other lessons might interfere with these recollections. Second, it 

was deemed important that the teachers be able to give sufficient quality time to 

these interviews in order that they could explore, at length, their knowledge and 

understanding of their successful teaching of biology within these lessons. Quality 

time refers to a situation where there are no interruptions or distractions and where 

teacher and researcher can focus solely on the task at hand for the length of time 

deemed necessary.

Experiences with John, the first case, suggested that some methodological 

developments were needed. The constraints of the naturalistic setting within which 

he worked meant that sometimes it was not possible to meet the requirements of 

the 'long post-lesson interview' identified above. For instance, the interviews, 

planned to take place after every lesson, were sometimes cut short because of 

other scheduled school commitments. Furthermore, on one occasion an interview 

had to be cancelled altogether and rescheduled for another day. As the case study 

progressed, it was felt that the quality of the data that was being generated was 

diminishing. For example, avenues for exploration raised by John's comments in 

'long post-lesson interviews' were unable to be investigated as there was 

pressure to make interviews shorter so that it was possible for John to fulfil other 

professional commitments. As John found it problematic, on occasions, to fulfil the
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quality time and immediacy requirements of the'long post-lesson interview', it was 

felt likely that the same would apply to the other two teachers involved in the project. 

Consequently, it was considered necessary to develop the methodology in such a 

way that it still provided a means of accessing the information sought, yet took 

account of the difficulties that the teachers might have fulfilling the immediacy and 

quality time requirements. To alleviate these difficulties, it was felt that an 

alternative strategy that could work in conjunction with the 'long post-lesson 

interview' identified above needed to be developed. The alternative strategy would 

come into play when it was not possible for the teachers to fulfil the requirements 

of the'long post-lesson interview'.

The alternative strategy that was developed comprised two different interviews: the 

'short post-lesson interview' and the vignette interview. The 'short post-lesson 

interview' was brief and was carried out on the same day as the observed lesson - 

and, where possible, straight after. It provided an opportunity for the teachers to 

identify what they deemed to be the successful episodes of biology teaching in the 

observed lesson without a lengthy exploration as to why they deemed these 

episodes to be successful as would have been the case in the 'long post-lesson 

interview'. The data generated from this interview provided the focus for the 

vignette interview. The successful episodes of teaching picked by the teachers
20from the observed lessons and termed vignettes were copied onto audiotape.

20 The term 'vignette' was used here since in everyday language the term refers, amongst other 
things, to a 'short description' or 'character sketch' (Elliott et al 1997, p. 863). The specific 
lesson chunks identified by teachers in 'short post-lesson interviews' in essence could be 
considered as 'short descriptions' or 'sketches' from the particular lessons observed. These 
vignettes were the basis of the vignette interviews.
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These audiotapes were played back to the teachers in the vignette interview. In this 

interview the teachers were asked to comment on these teaching episodes 

including describing what they were doing in them and exploring why they 

considered them to be successful teaching of biology at A level. This encouraged 

the generation of exploratory accounts of the teachers' own successful teaching of 

biology at A level grounded in real classroom events.

The vignette interview was planned not to occur immediately after or on the same 

day as the lesson observed but at another, more convenient time for the teacher 

involved. The interview, for example, could take place in the teacher's home or at 

the University Department away from the pressures of the naturalistic setting. 

Unlike the 'short post-lesson interview' it was a much lengthier interview.

Together the 'short post-lesson interview' and the vignette interview were able to 

fulfil the requirements of the 'long post-lesson interview' - that is quality time and 

immediacy. Since the 'short post-lesson interview' was so brief it was able to 

occur on the same day as the observed lesson, and usually straight after, thereby 

fulfilling the immediacy requirement. Moreover, as the vignette interview occurred 

at a later more convenient time and place for the teacher it fulfilled the quality time 

requirement. Furthermore, the playing back of lesson excerpts in the vignette 

interview meant that any difficulties concerning the recall and discussion of specific 

lesson events because of the time delay between the observed lesson and 

interview might be overcome. Indeed, the teaching episodes provided a stimulus 

to help the teachers to relive their observed lessons and encouraged them to
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explore their perceptions of their successful teaching of biology at A level within 

these particular lessons.

To summarise, the methodological improvements involved developing two new 

interviews, the 'short post-lesson interview' and the vignette interview. Both these 

interviews worked in conjunction with the 'long post-lesson interview'. The revised 

plan was that each lesson would be followed by a post-lesson interview, either 

'long' or 'short'. The teachers tentatively made decisions about which type of 

interview would follow a particular lesson before the research period began in 

order that they would fit in most appropriately with their school commitments. 

However, the arrangements were flexible and if unavoidable circumstances 

intervened, they could easily be changed. A scheduled 'long post-lesson 

interview', for example, could become a 'short post-lesson interview' to 

accommodate unforeseen difficulties.

Discussions with the teachers during the planning of the research period 

suggested that on at least two occasions during the unit-of-work they would be 

unable to be interviewed at length on the same day as the lesson observed. 

Consequently, it was planned to have at least two 'short post-lesson interviews', 

providing vignettes for two separate vignette interviews, during the course of the 

unit-of-work. Additional 'short post-lesson interviews' could be scheduled if there 

was a need to accommodate urgent commitments. The rest of the post-lesson 

interviews would be of the 'long post-lesson interview' type.
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These complementary strategies ensured the generation of accounts of teachers' 

knowledge and understanding of their successful teaching of biology at A level at 

the same time as minimising the difficulties that arose as a result of studying this 

phenomenon in its natural context. It is worth pointing out, however, that the 

methodological improvements developed during data collection with the first case 

raise some important methodological issues. For example, would the information 

accessed from the different interviews be of the same nature? Would the data 

generated across the different interviews be of a similar richness? These will be 

discussed in a later section on pp. 121-129 exploring issues related to the use of 

interviewing as a data collection strategy.

Since these methodological improvements developed as a result of my 

experiences with the first case the details of the data collection interviews for all 

three teachers are slightly different as outlined in the following section. Table 3.3 

shows that the methodological developments came into play for John towards the 

end of the case study as two 'short post-lesson interviews' provided material for 

one vignette interview. For Catherine and Sally the details of data collection are 

very similar - see tables 3.4 and 3.5. After each observed lesson, Catherine and 

Sally were interviewed either in a 'long' or 'short post-lesson interview'. Decisions 

concerning whether a 'long' or 'short post-lesson interview' would be most 

appropriate after a given lesson were left to them. Across their respective units-of- 

work both Sally and Catherine engaged in three 'short post-lesson interviews' 

providing material for two separate vignette interviews each. Whilst the balance of 

the three different types of interviews is slightly different for John in comparison to
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Sally and Catherine, since the data collected from the three different interviews was 

considered to be of the same nature, as is argued in a later section on pp. 123- 

129, this was not considered to be an issue.

Table 3.3 An outline of John's data collection interviews.

Unit-of-work 
(number of 
lessons21 )

1
2
3
4
5
7
8
9

Type of post-lesson 
interview

long
long
long
long
long
long
short
short

Vignette 
interview 1 

draws on excerpts from this 
lesson

y
/

Table 3.4 An outline of Catherine's data collection interviews.

Unit-of-work 
(number of 
lessons22)

1
2
3
4
5
6

Type of post- lesson 
interview

long
short
long
long
short
short

Vignette interview 1 
draws on excerpts 
from this lesson

/

Vignette interview 2 
draws on excerpts 
from this lesson

/
^

21 The duration of each lesson was 90 minutes.
22 The duration of lessons 1,3,4, and 6 were 60 minutes. The duration of lessons 2 and 5 were 

120 minutes.
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Unit-of-work 
(number of 
lessons23)

1
2
3
4
5
7
8

Type of post-lesson 
interview

long
short
long
long
long
short
short

Vignette interview 1 
draws on excerpts 
from this lesson

/

Vignette interview 2 
draws on excerpts 
from this lesson

/
/

The 'long post-lesson interview'

The purpose of this interview was to get the teachers to identify, in as much detail

as possible, what they deemed to be their successful teaching of biology in the 

lessons observed. The interview encouraged them to explore what sorts of things 

they perceived themselves to be doing and their reasons for doing these things 

when, according to them, they were teaching biology successfully. Each 'long post- 

lesson interview' took place as soon as conceivably possible after the lesson

observed 24.

23 The duration of lessons 1,3,4,5, and 8 were 55 minutes. The duration of lessons 2 and 7 were 
110 minutes.

24 On some occasions this meant straight after the lesson ended, on others this meant at a free 
moment later on that day. This depended on the way the teacher's timetables were set out. 
For John, on one occasion due to unforeseen circumstances the 'long post-lesson interview' 
took place the day after the observed lesson.
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The 'long post-lesson interview' is best described as 'informant' in style as 'the 

shape and direction of the interview [was] largely dictated by the unfolding pattern of 

the interviewee's perspective' (Cooper 1993, p. 329). After I posed the initial open 

positively phrased question, the teacher was free to respond in whatever manner 

s/he felt comfortable with. An example of such an exchange is given below:

A: What went well for you in terms of the teaching of your biology?

C: Getting through what I'd planned. Well that's important, and so I'd planned to, 
and I was determined to get right through to anaerobic respiration. I so wanted to 
do that because I don't want to drag it too much more and I didn't, but I wanted to 
go slowly enough that I didn't risk loss of understanding and that's why I suppose 
I sort of apologised really for I kept saying I'm repeating it, I'm repeating it, but I felt I 
had to keep, and I you know I kept asking everybody and that was I thought good

(plint5C53-61)

To encourage this freedom, in addition to the strategies identified earlier on p. 95 

(i.e. the silent probe, pacing and displaying supportive and interested body 

language), I also adopted a further strategy, avoidance of interrupting the teacher 

(Kvale 1996; Bernard 1994; Gorden 1975). This ensured that any comments or 

questions I made did not break the interviewee's flow of ideas. The large lengths 

of uninterrupted teacher prose found in the interview transcripts illustrate the use of 

this technique25 .

25 Appendix D gives examples of transcripts of all the different types of interviews.
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In addition to the techniques described, I also made use of the echo probe 

(Bernard 1994) in order to guide the subject to a more detailed account of her/his 

thinking and reasoning. Whilst the teacher was talking I would be listening 

attentively and jotting down odd words and/or phrases used. I would then 

paraphrase what the teacher had been saying and feed the information back to 

her/him to elicit further explanation and clarification. For instance, in the following 

example, John had just finished a lesson about blood vessels and tissue fluid. In 

the post-lesson interview he told me that one of the good points about the lesson 

was that the students had 'got to grips with vessels'. I picked up on this phrase 

and used it as a probe to get John to expand a bit more on what he meant:

A: Right, you said they 'got to grips with vessels'. Can you tell me a bit more 
about that?

Having used this probe, John proceeded to expand upon what he meant by this 

phrase. It seemed that 'getting to grips with vessels' involved being able to 

distinguish between the three different types - arteries, veins and capillaries -and 

being able to do this involved making sense of various significant concepts and 

principles in relation to these biological structures. In his words:
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J: Dm, at first, as usual they were sort of all over the place with their ideas, 
especially Harvey who is actually very able ... so he started on about, you know, 
the usual situation where he starts piling words in that he's picked up over the 
centuries. They all come out in a funny old order. And that's how I used to be in 
biology, in science A levels and I used to-, my chemistry teacher's catch phrase 
was that I couldn't see the wood for the trees and that summed me up perfectly 
cause I used to get all these terms and remember fine details but I never 
understood the prin-, it took me a long time to understand the principles and the 
concepts behind things. That's one thing that I've always been trying-, I've tried to 
do. What I've tried to do with these kids is get them to understand what is behind 
the things that we're teaching and I think if they do that they can go on ad 
infinitum learning and building on that ... I think in the end I would be confident 
enough to say that if you stopped anyone walking out the door they would know 
the difference between an artery and a vein and a capillary and they'd be able to 
give you some points about them

(plint3J97-116)

Occasionally I attempted to check my understanding of a point that the teacher was 

making and encourage further exploration. I did this by feeding back to the teacher 

what I thought the teacher had been saying. This strategy is apparent in a 

quotation taken from the vignette interview incorporating lesson excerpts from 

lesson 2 of Sally's unit-of-work. In lesson 2, Sally's students had been engaged in 

a practical investigating the digestion of starch. Sally spent a large part of this 

lesson discussing the biological ideas she believed were relevant to starch 

digestion with various groups of students. At the end of the lesson she engaged 

her students in a plenary session where she encouraged them to discuss their 

results and consider the biological content relevant to the experiment. Having 

heard an extract from this part of the lesson she commented upon what she felt 

was successful about it:

S: A lot of repetition going on, a lot of reinforcing, referring back to things which 
you have to do really at A level because you have to keep going back. You can't 
forget the basics and you have to keep going over certain concepts, ideas so that 
they eventually become sort of second nature and doing that helps in 
understanding some of the other things

(VI1 S 580-585)
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As I listened to Sally's response I began to get the feeling that she considered 

revisiting subject matter an important aspect of her successful teaching because 

she felt it helped her students to learn biological content. I checked my developing 

understanding by asking the following question:

A: So, would it be right to say that you feel that if students meet the same subject 
matter again and again that this helps them to learn it?

Sally's response to this question indicated that I had made sense of her 

comments and further to this her continued exploration enabled her to expand 

upon her thinking about specific aspects of biology (e.g. active site) that she 

considered critically important for her students to know and remember.

S: Yes, the repetition is, yeah, to reinforce, it helps it to become, you know, 
second nature to them and I think the idea of trying to bring things together and I 
try and sort of bring in, not stick to one idea in a lesson but to bring in other things 
we've discussed and to do that as much as possible just so that you can keep on, 
well hopefully so that they get it all sorted out in their head and that, and as I keep 
saying you can't forget the, the sort of the core content, the basis of it all, like the 
active site bit, you cannot stop thinking about that one.

(V11 S 604-612)

The 'short post-lesson interview'

The main purpose of the 'short post-lesson interview' was to assist in my

preparations for the vignette interview. The aim was to encourage the teacher to 

isolate several episodes from the specific lesson observed that s/he believed to be 

examples of 'successful' teaching of biology at A level. The intention was then to 

isolate these excerpts from the audio recording of the lesson, transcribe them and 

also record them onto another tape for use as a stimulus in the vignette interview.



115

My role throughout the interview was explicitly concerned with checking and 

clarifying that there was enough information from the teacher and lesson 

observations to isolate extracts from the audio record of lessons for later use. At 

times, however, the teacher also wanted to explore his/her thinking at certain points 

of the lesson in a similar way to the 'long post-lesson interviews'. Whilst I did not 

encourage these sorts of explorations in the 'short post-lesson interviews', since 

the development of this interview was a response to time pressures on teachers, 

they were not actively discouraged.

In some instances it was easy for the teachers to isolate episodes of the lessons 

they had taught that they felt were 'successful', 'good' or 'went well'. In one 'short 

post-lesson interview', for example, in response to my question ('Just really quickly, 

if you could isolate forme some episodes of good biology teaching in that lesson, 

just a couple so I can pick them up off the tape?) Catherine began by identifying 

three episodes of the lesson observed, underlined in the quotation below, that she 

felt had gone well. These were:

1. The marathon/sprinter discussion.

2. The recap at the beginning of the lesson.

3. The copying exercise at the end of the lesson.
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In her words:

C: If I can remember-, ... I can see them really focus the interest when I talked about the sprinter and the-, so yeah, you know, and Linford Christie and focus on 
that and I've heard him in interview talking about why, you know, holding his breath and what he's focusing on and relating that to the aerobic and anaerobic 
and so the marathon and the thingamajia. And then the, um, the-, oh I had a plenty 
of recap at the beginning. Now that was I felt important because, you know, I 
was coming to the end and I wanted to summarise so I felt that was important. 
And then the last bit where they were copying

(plintS C21-39)

However, on other occasions the teachers found this problematic and therefore my 

role became more directive. In the following example, I had asked Sally if she 

could identify specific episodes of lesson 2 that she felt were examples of 

successful teaching of biology. She began by talking in quite general terms about 

the lesson:

S: I suppose with it being a practical and with it the sort of practical where I was redundant as far as telling them what to do because they had the sheet, it meant I was able to go and ask some of them questions, try and get them to think about what was going on. ... I think there were good bits of practical sort of involvement in it, but that wasn't me, that was the nature of the practical, the only way sort of I was involved I just emphasised that you know, read it through first before you do it and then just kept sort of reinforcing the read it through, but they certainly all seemed to know what they were doing, I mean there were a number of tubes to muck about, they didn't, they apart from the ones who tested the odds with the different chemical, that didn't matter. Isolating incidents.

I tried to get her to be more specific by pushing her again to identify specific 

episodes:

A: Can you remember any specific parts of the lesson that you would say 'that 
was successful, that went well?'

S: I think the whole practical went well but that's not an isolated little incident. Ifri 
not very good on this you know.
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Sally was clearly finding this difficult. Consequently, I picked up on a point that she 

made in her first discussion - namely that she was able to go and ask some of her 

students questions during the lesson - and found this fruitful in guiding her to 

isolate some episodes of successful teaching of biology in the lesson observed:

A: You said you went round to ask some of them questions

S: those two. Kate remembered what I'd, Kate remembered some of it at the end 
so from asking Kate about the maltose and the polysaccharide so Kate had 
obviously listened, so that was a plus bit.

A: Ok so would you say that your discussions with the individual groups that you 
went

S: yeah, that helped yes.

A:[A]

S: What I was trying to do was to get them to tell me some information about what 
they were doing without actually telling them all the answers and then at the end 
just seeing if they had remembered it.

A: So would you say then, if you had to look at that lesson and say 'these were 
successful bits' that the individual group bits on the tape were successful?

S:Yes
(plint2S10-95)

The Vignette Interview

The purpose of this interview was to explore the teacher's reasoning behind what

they were doing and why when they deemed themselves to be teaching biology 

successfully in the particular lesson(s) observed. The idea was to use extracts 

from lesson tapes as a stimulus to get teachers to talk more about their successful 

teaching of biology at A level.
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The vignette interview worked in partnership with the 'short post-lesson interview'.

The episodes of successful A level biology teaching that were identified by the

teachers in the 'short post-lesson interview(s)' were located and transcribed from

the relevant lesson tapes as well as copied onto a further tape. It was this tape of

teacher-selected vignettes that provided the focus for the vignette interview. The

vignette interview comprised playing back to the teachers the vignettes they had

chosen from previous lessons as examples of their successful teaching26 . The

teachers were put in charge of the tape recorder and in a preparation discussion

prior to the interview itself were encouraged to stop the tape as it was playing when

they felt they were engaging in successful A level biology teaching. Having stopped

the tape they were encouraged to explore why they felt what they had just heard

was an example of their successful teaching of biology at A level. In particular, they

were asked to focus on what they were doing and why when engaged in what they

deemed to be their successful teaching of biology at A level. My role in this

interview was to prompt them, if necessary, to explore why they had stopped the

tape (e.g. asking them 'Can you tell me why you stopped the tape?' , 'Can you tell

me what it is about what you've just heard that makes it an example of successful

teaching of biology at A level?') and also , if necessary, use probes -such as those

used in the 'long post-lesson interview' (e.g. echo probes) - to enable further

clarification of points raised.

26 Prior to playing, I introduced each vignette hoping to refresh the teacher's memory, reminding 
her/him of the particular lesson it was taken from and briefly outlining what it concerned.
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In the following example, John had been listening to a vignette where he had been 

talking about monoclonal antibodies27 . He stopped the lesson tape at a point in 

the vignette where he felt that he was engaged in successful A level biology 

teaching:

J: Now this is the process they actually specify that, you know, about in 
the syllabus, it came up didn't it Sarah?

Sarah (pupil): Um?

J: Didn't it come up in module three one of them?

Sarah: What was that? Sorry!

J: (**) What we're talking about, monoclonal antibodies!

Sarah: I think it did.

J: I thought it did, monoclonal antibodies. Ok, so I would keep hold of 
that carefully, there is a similar description in Roberts on 4

[J stops the tape again]

Without a prompt from me, he began to reflect straight away upon what he had 

been doing and his rationale for those actions. In his words:

J: It came up in the syllabus, sorry, it's in the syllabus, and they do specify it. 
Quite a nice, it's a tidy little bit. Monoclonal antibodies is something that, well, we 
covered just there and then, and if you understand what is going on, you can 
answer a question on it basically ... at the end of the day they've got to get 
through an exam, ... they've got to get through it and just from time to time, you 
know, I do link back to the syllabus, because to have a syllabus like we've got is 
such an asset, because, um, I'm sure in the past, you know, teachers have taught 
biology and they enjoy doing lah de da, and all, you know, everything that's under 
the sun you could talk about, but you never know what, which part of that's 
gonna come up in the exam. At least with this syllabus content you can say 
what, specify, this could be on so you jolly well need to know it, it's not something 
to be stuffed in the back of your file.

27 To help the reader to distinguish between the lesson data and the teacher's reflection on the 
lesson, the lesson vignette is presented in bold typeface and the teacher's commentary that 
follows is presented in normal typeface.
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When he had finished his exploration I asked him to talk further about why he felt 

what he had just heard was an example of successful A level biology teaching.

A: So what is it about what you've just heard that makes it a 'good' piece of 'A' 
level biology teaching?

He continued to explore his reasons for identifying this episode as an example of 

successful teaching of biology at A level.

J: Well, I'm helping them. I'm giving them a tip. A jungle tip. ... And the jungle tip of 
the day then was, 'this bit of paper I'm giving you and what we've just talked 
about has every chance of coming up, so understand it', and, in a way, a sort of 
negative way, 'don't come to me in June and say 'Monoclonal antibodies, there 
was a question on it', you know, which for their benefit they need to know, they 
need to be reminded, they don't see the value of a syllabus like we do, so every 
possible point, you know, of help and advice I can give them hopefully is the best 
way to do it.

(VI 1 J 308-356)

In addition to asking the teachers to explore why they felt what they had just heard, 

upon stopping the tape, was an example of successful teaching, at times it was 

also possible to pick up on various points the teachers made and encourage them 

to elaborate further in a similar way to the probes used in the 'long post-lesson 

interview'. In the following example, Catherine had been listening to a vignette from 

lesson 2 of her unit-of-work. At the end of the vignette she talked about why she felt 

it was an example of her successful teaching of biology at A level. One of the 

points she made related to the fact that the episode found her revisiting subject 

matter the students had already covered, something she considered an important 

aspect of her successful biology teaching as she indicates below:
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C: And this is stressing that, and reminding, and saying what we did every time, 
and it pays off because today when I said 'what do you know about that 
equation?' and sure they were able to say because it is a multi-step. Plenty of 
saying the same thing a thousand times. ...

I was keen to get her to explore further why she felt 'saying the same thing a 

thousand times' was successful teaching and so I used an echo probe to 

encourage her to further clarify her reasoning.

A: You said that saying the same thing a thousand times is good biology teaching. 
Can you tell me more about that?

C: That helps the learning process. Saying the same-, recap and recall is 
reinforcement, that's the word I was looking for. Reinforcing, so that's helping 
just the learning.

(V11 C 527-541)

Issues related to the use of interviews as a data collection strategy 

Earlier on I identified various potential difficulties connected with the use of non- 

participant observation as a research strategy and outlined the steps I took to 

minimise the effect of these on the data collected. Since interviews formed the 

second major research instrument in this study it is also important to consider the 

potential problems that might arise from their use in data collection and discuss 

how I endeavoured to minimise them. To this end, the following section will 

consider first, the general problems of using interviews as a research instrument 

and second, the potential problems that might arise from using this study's 

combination of three different types of interview. In both cases, the various 

strategies adopted to overcome these potential difficulties are discussed.



122

When using the interview as a data collection strategy, tension can arise between 

the desire to maintain good relations with research participants and the desire to 

gain access to the information sought. In order to mitigate this I utilised the 

strategies outlined earlier - the silent probe, pacing, displaying supportive and 

interested body language and avoidance of interrupting the teacher - and 

furthermore, expressed my understanding of the demanding nature of what I 

expected the teachers to do - namely attempt to articulate what and why they do the 

things they do in the classroom when engaged in successful A level biology 

teaching. I sought to be sensitive to the difficulties of this process at all times and 

would draw the interview to a close when I felt that the teachers had 'had enough'.

An additional problem associated with using the interview as a data collection 

strategy concerns the interviewee giving the interviewer answers s/he thinks are 

being sought. I attempted to combat this, as discussed earlier on pp. 71-72, by 

stressing my desire to understand what the teachers considered themselves to be 

doing in the classroom when teaching biology successfully and why they were 

doing these things in the observed lessons.

As a novice interviewer I was aware that I lacked experience in using the interview 

as a research instrument. Powney and Watts (1985) warn that inexperienced 

interviewers can:

Change the subject, offer advice, or share their own experiences, or emotions, 
with the person being interviewed, thus changing the roles of the participants in 
the interview

(p. 134)
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In light of their advice, I was mindful of these inappropriate behaviours during all 

interviews so I could prevent them from occurring. Furthermore, after each 

interview I reflected upon my performance in my research log so that in each 

subsequent interview I could go on to improve my interviewing technique and 

consequently the quality of the data collected.

Logan (1984) argues that as interviewers, we need:

constant self monitoring to reveal to what extent we are still guilty of importing into 
and imposing our categories on to interviewees

(P- 24)

Given that the purpose of this research was to explore teachers' own 

characterisations of their successful teaching of biology at A level I attempted at all 

times not to import my own understandings into any interviews. The use of echo 

probes and a constant awareness of the need for an open approach helped me to 

combat this potential difficulty.

In addition to the general problems outlined above the use of three different types 

of data collection interviews raised two further important issues. First, would the 

information accessed from these different interviews be of the same nature? 

Second, would the data generated across the three different interviews be of a 

similar richness? I shall discuss each issue in turn.



124

As the 'long 1 and 'short post-lesson interviews' were both conducted as soon as 

possible after lessons and both involved the teachers identifying what they deemed 

to be their successful teaching of biology in the particular lessons observed it 

seems possible to conclude that they were both accessing information of the 

same nature. It seems that the only difference in the information collected in these 

two interviews is the depth to which the teachers described these instances of 

successful teaching and explored their reasons for selecting these particular 

examples. In the main, the 'long post-lesson interview' provided the teachers with 

more time to explore their knowledge and thinking in depth and also provided 

myself with more time to probe into this knowledge and thinking although such 

reflection, whilst not actively encouraged, was not discouraged from the 'short post- 

lesson interview'.

A comparison between these interviews, and the vignette interviews, however, 

highlights two significant differences. First, the vignette interview was not 

conducted immediately after or at least on the same day as the lesson observed, 

but instead several days after the specific lesson(s). Consequently, the time delay 

between the teachers' teaching and their reflection on this teaching was 

significantly longer for the vignette interviews than for the 'long' or 'short post- 

lesson interviews'. Might this increased time delay yield different data in the 

vignette interview in comparison with the 'long' and 'short post-lesson interview'? 

Before it is possible to answer this question it is important to consider the nature of 

data that is accessed by discussing and reflecting on actions after they have taken
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place. As mentioned earlier, it is impossible to access teacher cognitions28 during 

teaching without severely distorting the teaching process itself (Yinger 1986). 

Consequently, studies attempting to make sense of teachers' knowledge and 

thinking-in-action tend to adopt methods which involve teachers discussing and 

reflecting on their classroom action after it has taken place (e.g. Cooper and 

Mclntyre 1996; Brown and Mclntyre 1993). Cooper (1993) argues that discussions 

and reflections on teaching after it has taken place are unlikely to access individual 

teachers' actual cognitions during their teaching; rather they are more likely to 

encourage teachers to present post-hoc rationalisations of their classroom 

actions. However, he argues that this is not necessarily a bad thing. Indeed, he 

states that any rationalisations offered in an interview that is grounded in actual 

classroom events (such as the interviews adopted in this study) develop from the 

interviewee's perceptions of how, as a rule, they actually think and behave when 

they are teaching. Consequently, they provide access to the ways in which 

teachers make sense of their teaching and for that reason can provide an 

invaluable tool for gaining insight into their practice.

It is likely then, that in this study, all three interviews accessed teachers' post-hoc 

rationalisations of their classroom actions. The methodological issue of concern, 

therefore, becomes whether the significantly longer time delay between the 

teachers' teaching and their discussions of this teaching in the vignette interview

28 The term 'cognition' is used here to refer loosely to the knowledge-in-action, thinking and 
understanding that shapes teachers' interactive teaching. Indeed, as Calderhead (1987) 
points out, in the literature the terms 'teacher thinking' and 'teacher cognitions' are used fairly 
loosely to refer to such activities as those identified previously.



126

(as opposed to the 'short' and 'long post-lesson interview') affected the validity of 

the post-hoc rationalisations of action they presented. It could be argued that the 

longer the delay between the teachers' classroom actions and their reports of 

those actions the greater the chance that the post-hoc rationalisations presented to 

explain their actions might have been reinterpreted and therefore suggest different 

interpretations to any post-hoc rationalisations given immediately after or on the 

same day as the lesson(s) observed. This argument, however, is based upon the 

assumption that the teachers in this study would be motivated to and have the time 

to reflect extensively upon their lessons after they had been taught which is 

perhaps unlikely as a result of the busy lives they lead.

Furthermore, perhaps the best evidence to check the validity of any post-hoc 

rationalisations presented in vignette interviews is to see whether they are 

congruent with any reflections and discussions given in the corresponding 'short 

post-lesson interviews' and other interviews. Indeed, if there are marked 

contradictions between data in the vignette interview and data in the corresponding 

'short post-lesson interview(s)' it is possible that the concern with the 

reinterpretation of post-hoc rationalisations is real. However, no such 

contradictions were found in the data sets for all three teachers in this research 

project suggesting that despite the differences in the time delay it did not have a 

significant impact on the data collected.

The second difference between the vignette interview and the 'long' and 'short 

post-lesson interviews' concerns the fact that, in the former interview, the teachers
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not only had their own memory of the lesson to draw upon, they also had the 

additional stimulus of the tape-recorded vignettes. The 'long' and 'short post- 

lesson interviews' rely only on the teacher's memory of the lesson to present post- 

hoc rationalisations of classroom action. In contrast, the vignette interview relies 

not only upon this source but also segments from the audio record of the lesson. A 

potential difficulty might arise if the teacher's memory of the lesson is not 

congruent with the audio record of the lesson and consequently forces him/her to 

reinterpret the lesson encouraging the presentation of different post-hoc 

rationalisations than those that might be given without the extra stimulus. 

However, any incongruence between the teacher's memory of the lesson and their 

interpretation of the audio record of the lesson is likely to be identified when the 

accounts they produce in the 'short post-lesson interview' are compared with those 

produced in the vignette interview. If the teachers' brief initial explorations of their 

cognitions in 'short post-lesson interviews' are in agreement with the expanded 

versions in the subsequent vignette interviews it is likely that incongruence is not a 

major problem. As it happened, in this study the teachers seemed to display 

consistency across these interviews and so it is possible to infer that the additional 

stimulus of the recorded vignettes in the vignette interview did not present a major 

problem. It is unlikely, then, that the 'short' and 'long post-lesson interviews' 

yielded data of a different nature from the vignette interviews.

Although I have argued that the three interviews are likely to access data of a 

similar nature, it is possible that their differences might affect the richness of the 

data collected. Clearly, the 'long post-lesson interview' would generate data with
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greater depth than the 'short post-lesson interview' as it was invariably longer and 

more probing. However, what of the vignette interview? Might there be issues to 

consider in order to enable this interview to generate data of similar richness to the 

'long post-lesson interview'? It was important to consider several issues to ensure 

the level of richness was not compromised in the vignette interview. The first issue 

concerned the effect that listening to oneself teaching might have on the respective 

teachers. Fuller and Manning (1973) suggest that listening to an audiotape of 

oneself teaching might be an anxiety provoking experience. Consequently, the 

vignette interview might put teachers under a greater amount of stress than the 

'long' or'short post-lesson interviews' which, as Calderhead (1981) argues, might 

reduce the extent to which the research subject concerned is able to report the 

cognitions that shape his/her classroom action. The second issue relates to the 

fact that individuals unused to listening to tapes of themselves teach might be 

distracted by their own personal characteristics and consequently focus to a lesser 

extent on the cognitions that shape their classroom action. Collectively, these 

difficulties might contribute to reducing the richness of the data from the vignette 

interview. In light of this I took several steps to minimise these difficulties. First, 

during the preparatory phase I provided the teachers with the lesson tapes I 

recorded during my observation sessions in order for them to familiarise 

themselves with their voices and general class demeanour. This I felt might limit 

reference to themselves whilst listening to the vignettes and ensure that focus was 

maintained on exploring their interactive cognitions. Second, if any comment 

unrelated to successful teaching was made by a teacher during the vignette 

interview I decided not to respond hoping this would steer the teacher back to the
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task at hand. As it happened, only two of the teachers made passing reference to 

their personal characteristics during their vignette interviews. The overwhelming 

majority of the discussion in interviews focused solely on the teachers' knowledge 

and understanding of their successful teaching of biology.

In this chapter I have outlined the research approach adopted and discussed the 

methodological principles underpinning the conduct of the study. Furthermore, I 

have identified the processes by which access was gained and the selection of 

cases made as well as described and discussed the procedures that enabled the 

collection of data.

The following chapter will give an account of how the data of this study was 

analysed as well as discuss the ways in which the project aimed at encouraging 

the development of a plausible, credible and trustworthy final account.
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Chapter Four 

Data Analysis

Introduction

Since the purpose of this study was to provide an understanding of what three 

teachers considered successful teaching of biology at A level to involve, the overall 

aim of the analysis was to produce cross case claims that:

. indicated the teachers' characterisations of what, for them, successful teaching

of biological subject matter at A level comprised; 

. accounted for any similarities and/or differences identified between the

research participants.

In light of this, the purpose of this chapter is to set out the ways in which the data of 

this study was analysed. To this end, details will be provided on:

the principles which underpinned the analytical procedures; 

the analytical procedures.

Furthermore, the ways in which the study aimed at encouraging the development of 

a plausible, credible and trustworthy final account will also be considered.



131

The principles used to guide the analysis of data

Four principles guided the analysis of data. They were to:

. develop original analytical procedures rather than import pre-determined

methods; 

. distinguish between different kinds of data and allocate different levels of status

to different data sets; 

. begin with small units of data and use these as a basis from which to develop

cross-case claims; 

. remain critically aware of the role of literature in the analytical process.

Each principle will be discussed in turn.

To develop original analytical procedures rather than import pre-determined 
methods

When considering the analysis of interview data, Kvale (1996) argues that:

There are no standard methods, no via regia, to arrive at essential meanings and 
deeper implications of what is said in an interview. ... The search for techniques 
of analysis may be a quest for a "technological fix" to the researcher's task of 
analysing and constructing meaning.

(P- 180)

In sympathy with Kvale's position, the first principle derived from a belief in the 

need to develop original analytical procedures appropriate to the nature and 

purpose of the investigation rather than import pre-determined methods such as 

those suggested in methodological texts (e.g. Miles and Huberman 1994; Dey 

1993; Tesch 1990). The desire to develop rather than import analytical procedures 

influenced this thesis' analytical process. The advice of Coffey and Atkinson
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(1996) to 'experiment and play with analysis' (p. 5-6) was taken until a useful way of 

proceeding was found. In this sense, the analytical procedures evolved over time 

to meet the needs of the investigation.

To distinguish between different kinds of data and allocate different levels of 
status to different data sets

This principle derived from a recognition that during fieldwork a variety of different 

sorts of data had been collected. It was felt necessary to distinguish between 

these different sorts of data in order to assist the development of analytical 

procedures. To this end, data was allocated to one of two different categories:

rich pictures of practice comprising lesson tapes and transcripts, lesson 

observation notes and curriculum materials such as handouts and worksheets; 

reflections on practice comprising post-lesson and vignette interview tapes and 

transcripts.

In particular, this distinction was useful when attempting to find a focus for, and a 

beginning to, analysis. In light of the focus of the thesis - providing an 

understanding of what three teachers consider their successful teaching of biology 

at A level to comprise - the data set comprising the teachers' reflections on their 

practice was assigned the highest status in the initial stages of analysis and used 

as a starting point for analysis. This data set was used to assist in making sense 

of the rich pictures of practice comprising lesson tapes and transcripts, lesson 

observations notes and curriculum materials. By distinguishing between different 

sorts of data and using one data set as a starting point for analysis it was possible
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to integrate the two data sets to produce a coherent account of the three teachers' 

characterisations of their successful teaching of biology at A level.

Further to these two data sets, contextual information about the teachers and their 

units-of-work collected during the preparatory phase helped to enrich the data 

generated and inform the analysis. This is discussed more specifically on pp. 

155-156.

To begin with small units of data and use these as a basis from which to 
develop cross-case claims

Writing about analysis, Wolcott (1994) offers the following guidance:

if it seems too overwhelming: keep breaking down the elements until there are 
small enough units to invite rudimentary analysis, then begin to build the analysis 
up from there.

(p. 30)

The third principle embraced this advice by beginning analysis with a focus on 

small units of data. These comprised the teachers' post-lesson reflections on 

specific classroom events in the lessons observed where they deemed 

themselves to be teaching biology at A level successfully, the corresponding 

transcripts of those events from the lesson tapes and relevant lesson observation 

notes and curriculum materials. These data units comprised manageable chunks 

which could be analysed in detail without the analytical task becoming too 

overwhelming. This principle influenced not only the beginning to analysis but also 

methods used throughout the analytical process. For example, when writing 

propositions designed to reflect all the data units within a specific group, small
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samples of data units were used in the first instance as the starting point for their 

construction.

To remain critically aware of the role of literature in the analytical process

Writing about the role of the researcher in the analytical process, Coffey and 

Atkinson (1996) warn that:

Data are not inert. They are not a fixed corpus of materials on which procedures 
of analysis are performed.

Instead they suggest that the researcher:

should be using data to think with and think about. That means bringing to bear an 
active, creative approach. Although one should be careful not to build elaborate 
theoretical edifices on the data, one should be prepared to speculate about them. 
Ideas do not emerge from the data or from the imposition of analytic procedures, 
however helpful it may be to code the data or to map some of its formal features. 
No amount of routine analytic work will produce new theoretical insights without 
the application of disciplinary knowledge and creative imagination.

(pp. 191-192)

Heeding their advice, a large proportion of the time spent analysing the data was 

also spent further exploring the research literature. Upon reading this wider 

literature it was often tempting to import theoretical ideas unquestioningly in order 

to make sense of the data. The fourth principle, however, embraced an attempt to 

avoid this by encouraging a critical awareness of how literature was being used in 

the analytical process. Indeed, when literature was drawn upon during analysis
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there was an attempt to be self critical about its use. For example, throughout the 

analytical process I continually asked myself the following questions:

Am I using the literature to help foster the development of my own theoretical 

ideas in light of my own understanding of the data? 

Or am I importing theory without question?

Asking these questions on a continual basis encouraged me to think about the 

data and the literature in a more detached fashion leading me to be more open 

minded about the role of the literature in the analytical process.
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The analytical procedures

The process of analysis took place in two consecutive phases. These were:

. initial data processing; 

. cross case analysis.

Initial data processing

The initial processing of data took place as soon as data began to be collected 

with each of the teachers. In essence, this phase of analysis concerned 

transforming data from one format to another (e.g. oral interviews to written 

transcripts), establishing ways of managing the developing corpus of data and 

data familiarisation. To this end, initial data processing comprised producing:

. transcripts of lessons and interviews; 

. lesson and interview summaries.

Producing transcripts of lessons and interviews

To navigate with ease around the data it was felt necessary to transcribe the

lessons and interviews from an oral to a written mode. As Kvale (1996) points out:

Structuring the material into texts facilitates an interview and is in itself a 
beginning analysis

(p. 168-9)

However, since transcriptions are not representations of reality but rather artificial 

constructions and their production involves a series of judgements and decisions, 

a set of clear instructions fornotating them was produced and followed throughout
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the process of transcription. These instructions are reproduced at the beginning of 

this thesis (see p. iii-iv).

Producing lesson and interview summaries

Initial data processing also involved producing lesson and interview summaries. 

The basic purpose of this was data familiarisation. The lesson summaries (see 

Appendix E for examples) comprised the identification of major lesson events as 

well as the subject matter covered in relation to those events. In addition, all 

curriculum materials used in particular lessons were collated with these lesson 

summaries. The interview summaries (see Appendix F for examples) comprised 

an outline of each interview's major sections.

Cross-case analysis

Cross-case analysis took place in five major steps. The whole process, including

initial data processing, is summarised in figure 4.1.
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Figure 4.1 Asummarv of the analvtical procedures.

Initial Data Processing

Producing transcripts of 
lessons and interviews

Producing lesson and 
interview summaries

Cross Case 
Analysis

Section(s) of teacher interview data
reflecting on successful teaching of

biology at A level in observed lesson
Section(s) of teacher lesson data, lesson
observation notes (LON) and curriculum
materials (CM) corresponding to teacher

interview data

CM

Teacher comment/ teaching episode example

I
Key Summary Point
evidence
Key Summary Point
evidence
Key Summary Point
evidence
Etc.

Teacher comment/ teaching episode 
example summarized into various key 
summary points. Each is linked to 
supporting evidence from one or 
more sources including LON, CM, 
interview data and lesson data.
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This process occurs across all interviews and all lesson data resulting in the 
production of many teacher comment/ teaching episode examples and 
therefore many Key Summary Points

(re)Grouping of individual Key Summary
Points

(re)Writing propositions which encapsulate
what all Key Summary Points in a group

have in common

Modifying

(re)Testing propositions

Accepting propositions

Exploration of links between Key Summary
Point groups and their associated

propositions and construction of an overall
framework tying them together

Final account written
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Analytical step 1: Finding a way in

By the end of the data collection period a large amount of data had been

accumulated. As outlined earlier, the data was of two distinct types:

. rich pictures of practice comprising lesson tapes and transcripts, lesson 

observation notes and curriculum materials such as handouts and worksheets;

. reflections on practice comprising post-lesson and vignette interview tapes and 

transcripts1 .

As a researcher, my task was to make sense of this data in order to provide an 

understanding of what the three teachers believed their successful teaching of 

biology at A level comprised. In order to do this, I realised that I needed to find a 

way into the data that would provide me with a fruitful point of departure. In 

essence this meant deciding which data set would provide the starting point for 

analysis. Given the main purpose of this thesis - to make sense of teachers' own 

understanding of their successful teaching of biology at A level - the decision was 

made to begin analysis using the data comprising teachers' reflections on their 

practice. The teachers' reflections on their practice would then be used to navigate 

through the rich pictures of their practice obtained from the audio recording of 

lessons, lesson observations and the collection of curriculum materials used in 

lessons.

1 Given that during data collection it appeared that despite differences between the details of the 
'long', 'short' and vignette interviews the data collected remained consistent across all three 
types of interview, data from all interviews was treated in the same way during analysis.
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In this way the teachers' practice would not be interpreted without recourse to their 

thinking about their practice - their lessons would, as much as possible, be 

analysed having referred first to their comments about them. It was felt that, by 

approaching analysis in this way there would be a greater chance of using the 

teachers' perspective of their successful teaching to shape the interpretation 

produced.

Analytical step 2: Identifying successful teaching episodes from the lesson 
transcripts using teacher interview data and matching these episodes to relevant 
teacher comments

Employing the teachers' reflections on their practice -that is the teacher interviews 

- as a starting point for analysis involved re-reading through each interview several 

times and using the teachers' comments in the interviews to identify the parts of 

their lessons that they considered examples of their successful teaching of biology 

at A level. In light of the project's focus on making sense of the teaching of 

biological subject matter, in order to be considered relevant, the comments had to 

refer to a particular subject matter event2 that happened in an observed lesson. 

Furthermore, the comments about the subject matter event had to be specific so 

that the appropriate part of the lesson could be identified and located in the 

transcript (see Box A overleaf for examples of comments considered to be relevant 

to this analysis and irrelevant to this analysis).

2 A subject matter event was taken to mean any classroom happening, however big or small, that 
was concerned with the teaching and learning of biological subject matter. It could, for 
example, refer to a single question asked by a teacher or student in a lesson and any 
discussion that followed, or an activity initiated by the teacher, such as note taking or research 
and presentation, that dominated a large part of the lesson.
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Box A

Relevant teacher comment

In post-lesson interview 5, Catherine commented on a particular subject 
matter event in lesson 5 as successful - '... the first thing is the bit about the 
recap ..." (plint 5 C 64-65). This subject matter event comprised a question 
and answer session revisiting biological content knowledge that Catherine 
had introduced to her students earlier on in the lesson. This comment was 
considered relevant to the analysis as it specified a subject matter event 
concerning the teaching and learning of the Link Reaction and the Krebs 
Cycle that could be identified in the transcription of lesson 5.

Irrelevant teacher comment

In post-lesson interview 3, John commented that sending a student to the 
school office to get some acetates was a successful aspect of lesson 3. In 
his words:

Ethan, the chap I sent away to get the acetate, that was a success ... 
He's an interesting personality and character who would have got a lot 
out of that, believe it or not, in terms of recognition and achievement 
which he doesn't get in many other aspects of his life.

(plint 3 J 86-92)

Although John's comments in the above quotation describe an event that can 
be identified from the transcript of lesson 3 they do not refer to a subject 
matter event - the comments are not directly related to the teaching and 
learning of biology and therefore were not considered relevant to this analysis.

The end point of this process resulted in the crude production of a series of lesson 

episodes, called teaching episodes, with their corresponding teacher 

commentaries (see Appendix G for examples). Accompanying lesson observation 

notes and curriculum materials used during the teaching episodes were collected 

together with each teacher comment/teaching episode example. In this way, the 

analysis was able to combine and integrate the two data sets.



143

Analytical step 3: Identifying key summary points of the teacher comment/teaching 
episode examples

Having identified various subject matter rich teaching episodes and their 

associated teacher comments, the next step was to analyse these in detail. For 

each teacher comment/teaching episode example the teacher's actions in the 

teaching episode were reviewed and, in conjunction with their interview comments, 

lesson observation notes and curriculum materials, key summary points that 

attempted to encapsulate the essence of the example were established (see Box B 

overleaf for examples). Evidence to support the key summary points (for example, 

from one or more sources including interview data, lesson observation notes, 

curriculum materials and lesson data) was always given below the key summary 

point itself. In this way it could be seen that the developing analysis remained 

grounded in the data.
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BoxB

Arteries, veins and capillaries teacher comment/teaching episode example 
(lesson 3, John) - see Appendix G

Kev summary point 1

For John, 'getting to grips with vessels' - acquiring knowledge of them- means 
knowing 'points' about them.

Evidence

In the post-lesson interview following this lesson John feels happy with what his 
students 'learnt' during the lesson and is confident enough to say that he feels his 
students 'would know the difference between an artery and a vein and a capillary 
and they'd be able to give you some points about them' (plint 3 J 94-122). 
Furthermore, in the lesson learning about blood vessels involved making 'points' 
about them. The 'points' were made in conversation and discussion between John 
and his students and then were written as bullet points on an OHT3 which the 
students copied into their notebooks (see Appendix H, p. 412-413)

Key summary point 2

For John, these 'points' might comprise knowing a vessel's structure or function, or 
being able to compare vessels.

Evidence

This is evident in the lesson as the structure and function of the vessels comprise 
some of the 'points' that are made about them. For example, for arteries, 
Transports blood away from the heart' (te/tc J 9-104) comprises the function of an 
artery identified by John and written on the OHT for students to copy down. Other 
points in addition to structural and functional ones seem to include various 
properties of the vessels (e.g. arteries carry blood that 'flows fast' and 'is under 
high pressure') and their location (e.g. capillaries 'link arteries to veins'). For a full 
list of the 'points' made during this lesson episode, see the notes taken from the 
OHT during lesson 3-Appendix H, p. 412-413.

3 OHT is an abbreviation for overhead transparency which is used in conjunction with an 
overhead projector. It is a common classroom teaching aid.

4 This abbreviation refers to the numbered lines from the teaching episode/teacher comment 
example - see Appendix G - from where this, and other quotations in this section, were taken.
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Box B continued

Key summary point 3

For John, learning about vessels involves remembering information. It also 
involves some sort of reasoning ability which entails tying ideas together.

Evidence

Remembering information:

This is evident when John indicates in the interview immediately after the lesson 
that remembering is important because he states that you need to do more than 
'just remembering' (plint 3 J 124-145). If you need to do more than 'just 
remembering' clearly 'remembering' is also important.

Reasoning:

This is evident in the interview following the lesson when John argues that there is 
a need to not 'just remembering parrot fashion' (plint 3 J 124-145) but in addition, 
'reasoning behind things' (plint 3 J 124-145) which seems to involve linking ideas 
together. In the example given in this lesson 'reasoning behind things' seems to 
involve explaining why it is that veins have structures called valves. Other examples 
of'reasoning behind things' in the te/tc example include:

Arteries - blood is under high pressure - Why? How? 
Veins - blood is under low pressure - Why?
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Box B continued

The Krebs Cycle teacher comment/ teaching episode example (lesson 3, 
Catherine) - see Appendix G

Kev summary point 1

Catherine identifies, for her students, various pieces of information about the Krebs 
Cycle that she deems they need to know (e.g. what it is - 'Now it is a cycle so 
things are going to go round and round and round.' te/tc C 19-21).

Evidence

This is evident in the lesson as she establishes various information about the 
Krebs Cycle such as where it takes place ('takes place in the mitochondrial matrix' 
te/tc C 2-3) and what it involves ('I want to show you that the carbon, where the 
carbon is being lost and therefore the number of carbon atoms is reducing' te/tc C 
55-58) and also asks the students to summarise this information for their 
homework ('now what I'd like you to do tonight is to summarise the Krebs Cycle' 
te/tc C 164-165).

Key summary point 2

Catherine describes the information as 'the main points', 'the important bits' her 
students need to know about the Krebs Cycle.

Evidence

In post-lesson interview 3, Catherine speaks of this teaching episode as 
successful because during it she was able to identify 'the main points' (te/tc C 3-4), 
'the important bits' (te/tc C 4), 'the important parts of the Krebs Cycle' (te/tc C 24) 
she feels her students need to know (That's what they need to know for this, you 
know, for A level' te/tc C 5-6).
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Box B continued

Kev summary point 3

Catherine appears to want her students to be able to recognise and use an 
alternative term for the Krebs Cycle.

Evidence

This was evident in her comment in the lesson 'y°u ought to know it's also called 
the Tricarboxylic Acid Cycle' (te/tc C 16-18) and her reflections in the post-lesson 
interview following 'good biology teaching ... using the terminology Tricarboxylic 
Acid Cycle ' (plint 3 C 44-49).

Key summary point 4

Catherine appears to want her students to be able to recognise a diagram of the 
Krebs Cycle and be able to reproduce a diagram of the Krebs Cycle themselves.

Evidence

This was evident as Catherine provided her students with two opportunities to view 
a representation of the Krebs Cycle - a handout which comprised a photocopy of 
the Krebs Cycle from another textbook (see Appendix I, p. 444) and a simplified 
version of the Krebs Cycle on an OHT (see Appendix I, p. 443) created by Catherine. 
The students also copied the diagram of the Krebs Cycle on the OHT into their 
notes.

Key summary point 5

Catherine staged the introduction of the Krebs Cycle to her students so they would 
not be overwhelmed and/or confused by the information given.

Evidence

This was evident in the post-lesson interview when she explained how she 
labelled the compounds after establishing the 'Important features of Krebs Cycle I 
thought in terms of biology' (plint 3 C 200-249).
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Box B continued

Digestion teacher comment/teaching episode example (lesson 3, Sally) - see 
Appendix G

Kev summary point 1

Sally identifies the nature of the information she seeks her students to include in 
their posters about various parts of the mammalian digestive system.

Evidence

This is evident as she establishes various areas of information she wants them to 
incorporate including information about the structure of the part ('the structure' te/tc 
S 2), its function ('We need to look at what each of the parts of the digestive system 
does.' te/tc S 3-5), any digestive juices it produces('What the digestive juices 
produced are.' te/tc S 7-8 'Juices and any contents of juices.' te/tc S 97), the stimuli 
for releasing these juices('Whether the juices are produced by nerves or by 
hormones or both.' te/tc S 8-10), the function of these juices('What the action of the 
digestive juices is' te/tc S 10-11).

Key summary point 2

Sally describes the 'information' as 'points' her students need to know about 
various parts of the digestive system.

Evidence

This is evident in the lesson when she tells her students that she wants them to 
produce information posters where the information comprises 'bullet point things' 
(te/tc S 14-15) 'bullet point pieces of fact' (te/tc S 108-109). Furthermore, in the 
post-lesson interview following this lesson she talks about assisting her students 
in 'picking out the points that they need' (plint 3 and 4 S 15-45 my emphasis), 'the 
relevant, the pertinent points' (plint 3 and 4 S 143-166), helping them to 'highlight 
the important points. 1 (plint 3 and 4 S 15-45 my emphasis).

Key summary point 3

Sally also describes the'information' as diagrams.

Evidence

She also mentions that she wants her students to incorporate 'diagrams, where 
necessary' and specifies one occasion where diagrams are necessary - 'Villi. A 
diagram has to be done here.' (te/tc S 75-77).
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Box B continued

Kev summary point 4

For Sally, parts seem to be made up of points'. 

Evidence

This is evident because Sally makes clear that to produce an information poster on 
a part of the digestive system (e.g. oesophagus, stomach etc.) requires 
establishing various 'points'.

Key summary point 5

For Sally, in addition to 'points' parts also on occasion seem to be made up of 
'diagrams'.

Evidence

This is evident because Sally makes clear that to produce an information poster on 
a part of the digestive system requires, on occasion, diagrams too ('do sort of a 
bullet point things and diagrams, where necessary' te/tcS 14-16).

Key summary point 6

Sally identifies, for individual students, various specific pieces of information - 
'points', 'diagrams' she wants them to include in their information poster on their 
particular part of the digestive system.

Evidence

Conversation with Eleanor about her poster on the mouth (' ... the mouth ... 
obviously we talk about amylase, saliva with amylase in it.' te/tc S 43-46). 
Conversation with Owen about his poster on the oesophagus (' ... oesophagus 
which will include obviously peristalsis ...' te/tc S 48-49). Conversation with student 
about villi ('A diagram has to be done here. ... Can you mention the hepatic portal 
vein because the hepatic portal vein is the vein that takes the end products of 
digestion from the intestines to the liver, te/tc S 76-83)
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Box B continued

Kev summary point 7

Sally considers the research and written presentation task to be a good way to 
cultivate her students' study skills - in this example, the development of note taking 
skills - by, for example, encouraging them to engage in questioning the text as they 
read it and encouraging them to use multiple sources.

Evidence

Questioning techniques:

In the post-lesson interview following this lesson Sally talked about how she 
wanted to encourage her students to ask themselves questions when engaged in 
such an activity. For example, when they read textbook passages she wanted them 
to ask questions of the passages to help them extract and make sense of 
information relevant to the task. These questions included, for example: 'well 
does this actually answer what I'm supposed to be doing. Is it relevant?' (plint 3 
and 4 S 143-166)

Using multiple sources:

In the post-lesson interview following this lesson Sally talked about how she 
wanted to encourage her students to use multiple sources when taking biological 
notes. In this activity the sources she wanted her students to use included several 
textbooks and also their syllabus. Using multiple sources she felt would help them 
to make more sense of the biological material they came across during the activity. 
An example from the interview transcript:

The other thing I thought which was good out of what I'd asked them to do was-, 
because they couldn't find all the information in one textbook, or one textbook 
wasn't good enough to use because different textbooks do different things better 
than others, so they couldn't necessarily find a diagram they understood in one 
textbook and good enough notes and sort of vice versa, so I mean I do all my notes 
from a variety of textbooks and I think they should realise that and they should do 
the same. So they were able to do that. And it also meant because we were in 
here, if they couldn't find something I could say 'well let's look in the textbook' so 
we had a variety out.' (plint 3 and 4 S 15-45)
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Analytical step 4: Grouping key summary points and writing propositions 

As a result of engaging in analytical step 3, striking similarities between the key 

summary points of different teacher comment/teaching episode examples were 

observed. To start with, analytical step 4 began by loosely grouping these key 

summary points based on intuitive feelings that some showed noticeable 

similarities and others, distinct differences. Having completed this initial grouping 

an attempt was made to make clear why the key summary points had been 

grouped in this way. Given this project's desire to make cross case claims, only 

key summary point groups that contained material from all three teachers 

underwent this stage of the analysis. Making explicit why the key summary points 

had been grouped in the ways they had involved writing one or more propositions 

which encapsulated what all the key summary points in one group had in common. 

Each initial group contained a number of key summary points and so to begin with 

a small sample of these - one from each teacher - was used as a basis for the 

initial writing of propositions for each group. These propositions were statements 

designed to reflect the essence of, and be inclusive of, all the key summary points 

they applied to. Drawn up by myself, they were derived from and supported by the 

data. The following statement provides an example of a proposition:

Knowing biological ideas for success at A level means knowing information in 

the form of 'points' about them.
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Once written, a proposition was then tested. This involved assessing the extent to 

which it represented all the key summary points in the group. In order to achieve 

this, all the key summary points from the relevant group were reviewed and in light 

of this review, the following questions were posed:

. Does this proposition reflect the essence of all the key summary points in the

group? 

. Do any key summary points in the group contradict or refute this proposition?

If the proposition did reflect the essence of all the key summary points in the group 

it was accepted (see BoxC). If any key summary point(s) in the group was found to 

contradict or refute the proposition, the proposition was either modified in some 

way in order to more genuinely reflect the complexity of the data (see Box D), or 

rejected (see Box E). Throughout the process of testing propositions, in addition to 

reviewing the key summary points from the relevant group, the entire data sets 

were scanned repeatedly for further data that might support, contradict or refute the 

propositions developed. In this way, data that might have been missed in earlier 

stages of analysis could be incorporated and used to shape the developing 

interpretation.
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BoxC 

An example of a proposition that was accepted

Proposition:

Knowing biological ideas for success at A level means knowing information in the 
form of 'points' about them

This proposition was taken to be representative of, and inclusive of, all the 
examples in one group and not contradicted or refuted by any other data and so 
was accepted. Key summary points from the teacher comment/teaching episode 
examples in Box B are amongst the supporting evidence for this proposition (e.g. 
key summary point 2 for Catherine, key summary point 1 for John and key summary 
point 2 for Sally).

BoxD

An example of a proposition that was modified in order to genuinely reflect the 
complexity of the data

An early proposition attempting to encapsulate the way in which the teachers 
wanted their students to know 'points' for success at A level comprised the 
following:

One way of knowing information in the form of 'points' involves constructing an 
explanation of why something in the point is the case. For example, why a vein 
(something) has a valve in John's lesson 3 example.

Whilst, at the time, this proposition made some sense in relation to John's 
example, it did not adequately reflect the variety of examples within the key 
summary point group. Consequently, after much consideration, and a number of 
different revisions, the proposition was modified to produce a more abstract slant 
which was felt to reflect all the examples in the key summary point group. The 
proposition became:

One way of knowing information in the form of 'points' involves being able to 
consider the 'why' and/or 'how' of a particular 'point' in its wider biological context.
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BoxE

An example of a proposition that was rejected 

Proposition:

On occasions the teachers encouraged their students to explore content with little 
input from them.

This proposition was rejected outright when tested against all the examples in the 
group. As a deeper understanding of the data emerged it was felt that the initial 
understanding of the key summary points from which this proposition was 
developed was naive and unsophisticated and did not represent the teachers' 
perspectives.

This process of grouping examples and then writing propositions to encapsulate 

the essence of those examples was fluid and flexible. As propositions were 

accepted, modified and rejected so the groupings underwent numerous revisions 

(see figure 4.1 on pp. 138-139 for an illustration of this process).

Analytical step 5: Developing a coherent framework

The completion of analytical step 4 resulted in the production of a series of groups

of key summary points headed by written propositions encapsulating what all the 

key summary points in a particular group had in common. Having produced these 

groups and their associated propositions, there was a need to find an overall 

coherence to them. The purpose of analytical step 5 was to explore any links 

between the propositions and to see whether they fitted together into one or more 

frameworks. This was achieved by asking the following questions of all the 

propositions:
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. Can any of these propositions be 'linked together'?

. If so, in what way(s)? What is the nature of these links? (e.g. what is the nature 

of the relationship?)

Asking and answering these questions encouraged the recognition of 

relationships between the different propositions and the construction of an overall 

framework tying all the propositions and their corresponding evidence together. 

Similar to analytical step 4, this was a fluid and flexible process. Numerous 

attempts were made to construct a framework that encompassed all the different 

propositions and after many revisions a suitable framework emerged which 

formed the basis for the development of the final written account.

The role of contextual information in the analytical process

Further to the two data sets described in the five analytical steps, contextual 

information about the teachers and their units-of-work collected during the 

preparatory phase helped to enrich the data generated and inform the analysis 

throughout. For instance, the unit-of-work interviews provided a useful source of 

information during the analysis of the lesson data and teacher interview data. As 

teacher comment/teaching episode examples were produced, each teacher's unit- 

of-work interview was re-read to see if any information in it might help to shape the 

developing understanding of the data or resonate with the developing 

understanding thereby providing further support and giving confidence to the 

evolving interpretation.
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Furthermore, during the analytical process, when trying to make sense of the data 

in order to write key summary points and propositions, the contextual information 

was revisited to see if it provided any clues that might help the development and/or 

elaboration of the key summary points and propositions.

Finally, the teachers' discussions of their main aims as successful A level biology 

teachers in their exploratory interviews helped to inform the analysis by providing 

the backdrop to the production of the overall analytical interpretation of the data. All 

three teachers' main aim as successful A level biology practitioners was to 

encourage their students to achieve their full potential in their A level exams. 

Moreover, all three teachers argued that achieving such success would mean their 

students would need to acquire a considerably large body of biological knowledge. 

In light of this, the analytical interpretation presented in chapter six considers the 

ways in which the teachers conceptualised the biological knowledge they believed 

necessary to know for success at A level and how they represented it to their 

students. Furthermore, it considers the pedagogical strategies the teachers used 

in the classroom to bring about the development of these conceptualisations in 

their students.
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Developing the written account

The final account reported represents my accumulative theoretical understanding 

of what successful teaching of biology at A level, for the three teachers in this study, 

comprises. In the same way that the data was analysed (i.e. cross-case) the 

written account was also formulated like this. The written propositions produced in 

analytical step 4 and the framework produced in analytical step 5 provided the 

starting point for the development of the final account. This involved a process of 

continual re-presentation of ideas in different written formats until an acceptable 

version emerged. Furthermore, it included on several occasions re-reading 

through the entire data and, in light of this, making any amendments deemed 

necessary.
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Plausibility, credibility and trustworthiness in the final account

In this study, I have not sought to present the ultimate Truth in relation to these 

three teachers' characterisations of their successful teaching of biology at A level. 

Indeed, I do not believe that this is a viable pathway to pursue. Instead, I believe 

that the purpose of research is to 'identify critical elements and wring plausible 

interpretations from them' (Wolcott 1994, p. 366).

To this end, in this study I have sought to offer an interpretation of three teachers' 

characterisations of their successful teaching of biology at A level, one that has 

been grounded in the data generated and one that I hope is plausible and 

trustworthy. A variety of measures have been employed to help ensure the 

plausibility, credibility and trustworthiness of the account presented. These will be 

discussed next.

Describing the analytical process in detail

Miles and Huberman (1994) argue that one way of 'judging the goodness of

conclusions' of a qualitative study is:

Describing our procedures clearly enough so that others can understand them, 
reconstruct them and subject them to scrutiny.

(P-281)

In this study, the analytical process from which the interpretation presented has 

been reached and substantiated has been explicated in detail and is therefore 

open to scrutiny. Consequently, the reader is able to make his or her own
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judgements as to the adequacy of proof and degree of confidence to be assigned 

the interpretation presented.

Approach to analysis

My approach to analysis was self critical and reflexive in order that I could keep an 

open mind and therefore not jump to conclusions too quickly. In the development 

of propositions, for example, I tried not to be persuaded by what, at first hand, 

seemed compelling evidence in support of a proposition until I had deliberately 

searched for contradictory or 'negative evidence' (Miles and Huberman 1994) and 

found none.

Including primary data in the final account

The final account presented in chapter six includes excerpts of primary data. Whilst

this gives readers an idea of what the data is like it also helps to ensure the 

plausibility, credibility and trustworthiness of the account presented. By giving the 

reader access to primary data alongside the interpretation of the data offered, the 

reader is given the opportunity to judge the plausibility, credibility and 

trustworthiness of the interpretation presented.

Final account writing/checking process

Several times during the process of developing the final written account I read

entirely through the data and contextual information generated. The purpose of this 

was to assess 'the extent to which the account I have created squares with the 

setting and individuals on which it is based' (Wolcott 1994, p. 354). Was I satisfied 

with the account produced? Did it adequately reflect the data generated by these 

three teachers? During this writing/checking process, revisions were made.
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Respondent validation

Although I considered respondent validation a useful strategy to assess the 

plausibility, credibility and trustworthiness of the interpretation provided it was not 

practically possible in this study. Unfortunately the time consuming nature of the 

analytical procedure meant that within the time frame available it was not 

practicable to undertake respondent validation. However, it is worth mentioning 

that, to a certain extent, an element of respondent validation was built in to the 

interviews with the teachers during data collection. As described in chapter three, 

occasionally in 'short' and 'long post-lesson interviews' and vignette interviews in 

an attempt to check my developing understanding of a particular point a teacher 

was making, I fed back to the teacher what I thought s/he had been saying. In a 

small way this provided a check on my understanding of the teachers' lesson 

reflections and therefore contributed to the development of a plausible and credible 

account of their successful teaching of biology at A level.

Using multiple data sources

The use of different data sources such as non-participant observation, curriculum

materials and interviews as well as pre-study contextual information not only 

helped to develop a rich picture of the teachers' characterisations of their teaching 

of biology at A level but also gave an element of trustworthiness to the conclusions 

drawn. For instance, if the teachers had discussed an aspect of their successful 

teaching of biology in the post-lesson or vignette interviews which had also been 

observed and, in addition, comments from the contextual information collected 

prior to the project also tied in with their discussion, this corroboration would give 

further weight to the interpretation offered.
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Summary

This chapter has set out the ways in which the data of this study was analysed by 

giving an account of the principles that underpinned the analytical procedures and 

the analytical procedures themselves. Furthermore, it has described and 

discussed how the final account was written and the measures that were 

employed to help ensure the plausibility, credibility and trustworthiness of this final 

account.
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Chapter Five

The Three Teachers and Their Contexts

Introduction

The aim of this chapter is to provide rich, descriptive accounts of the three case 

study settings by presenting details concerning the three teachers, their respective 

students, the schools in which they worked and the units-of-work they taught during 

the research period. The purpose of this is to encourage the reader to appreciate 

the contexts in which the three teachers worked and the factors they took account of 

in order to teach biology successfully at A level.

Furthermore, it is felt that presenting an overview of each teacher's unit-of-work will 

assist readers in making sense of the interpretations of the three teachers' 

successful teaching of biology at A level put forward in chapter six and, in addition, 

provide plausibility and credibility to the interpretations offered.

This chapter is written in three sections pertaining to each of the three case study 

settings. Each of these is subdivided further into two sub-sections. The first 

provides details about the teacher, their students, and the school and the second, 

provides details about the unit-of-work taught during the research period.
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Case Study One

John

John followed what he described as 'a pretty wayward path' into teaching. He took 

A levels in biology, chemistry and physics with the original intention of studying 

medicine at university. He had always been interested in medicine and related 

disciplines. His mother was a dental nurse and he had often accompanied her, 

during school holidays, to the hospital where she worked. At the hospital he had 

always been 'fascinated by watching doctors and dentists'. Whilst in the sixth form 

he had become involved both in voluntary work at the hospital in Canterbury where 

he lived and also an old people's home. Consequently, a career in medicine had 

always been something he had wanted to pursue; however, he mentioned that 

getting the A level grades required to fulfil this ambition was 'a long shot' as he had 

'never been a high flyer at A level'. He was not surprised, therefore, when he did 

not achieve his target grades and decided that, rather than re-sitting the 

examinations, he would find a place on another course through clearing. In 

addition to medicine he had always been interested in Marine Biology and got a 

place on a course of this nature at Cooke University. He really enjoyed the course 

having a 'fantastic three years'. During his time at Cooke he developed another 

interest, agriculture, which also had its origins in his schooldays. When he left 

Cooke he was offered and took up a summer job on a farm. He enjoyed this and 

consequently spent a year travelling abroad working on various dairy farms. He 

was never really confident, however, that farming would provide him with a career,
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mainly because there was no farm in his family, and so before travelling he had got 

himself a place on a primary PGCE 1 course at Woodford University. Like medicine, 

education was also a vocational area in which John had always displayed a keen 

interest. His father had worked in education all his life and his contentment with 

his job was, in John's eyes, 'no doubt a great influence on [him]'. His choice of a 

primary PGCE resulted, as he mentioned, from being, at the time, 'scared of 

teenagers' not being much older than them himself. Having returned from his 

travels abroad he went down to Woodford to take up his primary PGCE place and 

'just got cold feet at the eleventh hour'. Consequently, he resigned his place from 

the course and instead looked again at a career in farming. He took up a place at 

Gainbridge Agricultural College, Northwich studying a Post Graduate Diploma in 

Farm Management. From there he got a job as an assistant manager on a farm 

near Fronnerton, Dundasshire. Things did not go to plan, however, so he pulled 

out and became stock manager at Eastergate, Dundasshire. He worked there for 

four years, the next logical step being to move on and manage his own place. 

During his years in the farming business, however, he had married and was 

considering starting a family. He felt that farm ing was too stressful, did not provide 

the security he felt his family would need and also was not the sociable occupation 

he required in a job. As a result he made a career move and enrolled on a 

secondary PGCE course at OUDES2 . He chose secondary this time because,

1 The Post Graduate Certificate in Education (PGCE) is a course for the professional 
development of beginning teachers.

2 OUDES stands for the Oxford University Department of Educational Studies where John trained 
as a teacher.
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being that much older he felt he would cope better with teenagers and he was 

delighted that he made that choice as he feels he gets 'so much out of teaching 

older kids'. He had 'a fantastic year' during his PGCE, 'like [he'd] never had before' 

and he felt that 'finally without a doubt [he had] found [his] vocation and [his] niche'. 

He described himself as a 'people person' being much happier working with 

people as a team, something that was lacking in farming but that he definitely 

found in the teaching profession ('at school there's ... one of the strongest teams'). 

He also enjoyed working with children ('I don't think I've ever laughed so much in a 

job') and playing, what he considered to be, an important role in shaping their 

future.

John was beginning his fourth year of full-time teaching when the research project 

began. He was teaching in a Local Education Authority controlled religious 13-18 

co-educational comprehensive (St. Matthew's) where he had been since he 

qualified. The school was located in an academic city in the midlands and had 

approximately 650 students on roll comprising Year 9 to Year 13. It employed 

some 40 teaching staff. Many of the students on roll were from deprived social 

groups and had difficult home backgrounds. John characterised the students at St. 

Matthew's as 'tough kids'. He described St. Matthew's as having a supportive and 

forgiving ethos. He felt it was almost a 'shelter for kids' free from their domestic 

hassles where they could be encouraged, listened to and respected.
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At St. Matthew's, John was employed to teach all three sciences to Year 9 and, in 

addition to biology, some chemistry and physics to lower sets at KS43. He only 

taught biology at A level. In addition to his responsibilities as a biology/science 

teacher, John was also Assistant Head of Year 9 and had recently been appointed 

as a professional tutor4 .

John was part of a small Science Department comprising seven full-time 

members and one part-time member of staff as well as two full-time technicians 

and one part-time technician. He felt the Science Department formed a cohesive 

unit with good relationships between the three sciences. The Biology Department 

was made up of one part-time and two full-time members of staff (John and 

Heather the Head of Biology). He described this department as well set up and 

organised with a 'superb Head of Department' providing 'good leadership and 

discrete support'.

St Matthew's had a small sixth form of approximately 50-60 students. Biology was 

a thriving subject with approximately half of the students in the whole sixth form 

studying it as one of their A levels. John taught two thirds of the A level biology 

course whilst the Head of Biology taught a third. This was the way the A level

3 KS4 refers to the year groups of students preparing to take GCSE examinations. GCSE stands 
for the General Certificate of Secondary Education, a qualification normally taken at 16, at the 
end of compulsory schooling, in many different subjects. GCSE's are two year courses and are 
usually begun by students aged between 14 and 15.

4 This refers to a school based teacher educator with responsibility for the management of 
student teachers' overall learning in school.
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biology timetable had been split historically between the two full-time biologists in 

the department. Consequently when John took up his post at St. Matthew's he was 

happy to take over the greater part of the A level teaching freeing the Head of 

Biology for other commitments.

John had taught A level biology ever since he had begun teaching at St. Matthew's. 

In addition, he had also taught an A level biology module on Biotechnology during 

his teacher-training year. He had taught the same board, Associated Examinations 

Board (AEB) for all three years changing from linear to modular after his first year. 

He felt this change would help the sorts of students that attended St. Matthew's in 

the sixth form. He commented that many of the students did not have particularly 

supportive home-lives ('I had a lot more support at home than they do ... a different 

world'). Most had little or no experience of a parent who had studied. As a result, 

their parents/guardians were not as understanding or supportive of the needs (e.g. 

a quiet place to study) of their children when studying at A level. Many of his 

students also had jobs outside school hours which reduced their valuable study 

time. John felt that the change from linear to modular would reduce the pressure 

on his students allowing them to take exams in stages ('the students are put under 

far less pressure [than] in one go at the end of Year 13'). He felt this might possibly 

help them to achieve their target grades. John liked the AEB modular biology
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A level course5 believing that it provided students with a good grounding in the 

subject. He felt that the content of the syllabus was appropriate for the students.

During the research period John's A level teaching consisted of one Year 12 and 

one Year 13 group. The study originated with John in June/July 1997, continued 

until Oct/Nov 1998 and involved a group of Year 13 students (11 girls and 5 boys) at 

the beginning of the 1997/1998 academic year6 . Before the research project began 

these sixteen students had been in two separate groups but, because of budget 

difficulties, the groups were amalgamated into one larger group in the 1997 

summer term.

John described the group as an 'incredible bunch of people' who had a 'general 

enjoyment and interest in the subject'. In terms of ability, the group was, according 

to John, 'very mixed'. He mentioned that he had 'quite a few at the lower end' that 

'just don't believe for a minute what it's going to involve to do the course' and at the 

other end of the spectrum he had some 'extremely good students' who would get 

'straight A's without a doubt'. John also mentioned that students taking A level 

biology at St. Matthew's tended to study a mixture of subjects at A level and the 

group observed during this research project was no exception. Several students 

were studying all three sciences and/or maths at A level with a view to a career in

5 The Associated Examining Board, General Certificate of Education - Advanced Level Biology - 
Modular A98/03, 0601, 1998 syllabuses for Biology/Human Biology.

6 The students were Year 12 in the summer during the preparatory phase and became Year 13 
in September for data collection.



169

medicine or a science based degree whilst, for others, biology formed the only 

science subject they were studying at A level. In these cases biology was 

accompanied by more arts based subjects such as modern languages or 

geography.

Throughout the data collection period the size of the group and its great mixture of 

ability was a source of concern for John. He was keen to ensure that he stretched 

the brighter students and yet also supported those students who were struggling. 

He was also eager to develop a classroom rapport conducive to effective A level 

study, something he worked hard at and was sensitive to in his lessons.

John looked forward to his A level biology teaching as he indicates in the following 

quotation:

it's a breath of fresh air when you think, o gosh you have Year 9 and 10's this 
morning and I've got the Year 12's this afternoon, it just gives you a nice feeling.

(ExpllntJ161-3)

It was clear that he got a lot of enjoyment from this part of his teaching despite the 

large amounts of'preparation, marking [and] assessment to do'. He liked the fact 

that A level groups were smaller and that he did not have to 'worry about classroom 

management skills'. He also enjoyed being able to work with adults and build up a 

good rapport with his class.

John's main aim as a biology teacher was to make sure his students achieved 

their potential in terms of their examination grades. He mentioned that not all of his
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students were A grade candidates and so he was keen for his students to simply 

'strive for the best grades they can get'. As he commented, he got 'as much 

pleasure from someone who is not so able as an A grade candidate getting a D or 

an E'. Furthermore, he explained that biology is a content laden subject and that 

his students would need to have 'a lot of knowledge at their fingertips' if they were 

going to be successful in their examinations.

In addition to the main aim of his teaching, John was also keen for his students to 

enjoy the A level course. He loved being able to share his passion for biology with 

a group of interested students as he indicates in the following quotation:

I've got a real chance to share my enthusiasm ... for the subject
(ExpllntJ185)

Moreover, John also felt that he had a pastoral role as a teacher of biology at A 

level. In addition to helping students develop their knowledge and understanding 

of biology, he also felt the need to help prepare them for their future lives outside 

school.

The unit-of-work

The observed unit-of-work for John comprised part of the AEB modular A level

biology course taught at St. Matthew's. The course itself was composed of four 

modules (The Organisation of Living Organisms; Inheritance, Evolution and 

Ecosystems; Supply and Demand in Living Organisms; Response to the 

Environment) comprising 80% of the total marks and a 20% teacher assessed 

practical component. At the time of the research project, John was teaching
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module 3 - Supply and Demand in Living Organisms. This module comprised 

four different sections: Levels of Organisation; Digestion; Gas Exchange and 

Transport. Each of these sections was further split into numbered subsections. 

The observed unit-of-work covered three out of the five numbered subsections 

associated with the Transport section of module 3 including:

3.9 The blood system of a mammal transports metabolites between exchange 

surfaces.

3.10 The heart and circulation continually adapt to meet the varying demands of the 

body.

3.11 Humoral and cell-mediated immunity play critical parts in the body's response 

to antigens.

Afull outline of the subject content comprising these three subsections is found in 

Appendix A. This was the third time that John had taught this unit-of-work. The 

observed unit-of-work was planned roughly to span six to eight double lessons 

over a period of three to four weeks. It extended, however, to ten double lessons 

over a period of five weeks as a result of illness and other commitments during the 

research period. The following section provides a description of the overall shape 

of the unit-of-work John taught during the research period. All the curriculum 

materials and copies of the notes taken throughout this unit-of-work are found in 

Appendix H.
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Lesson 1

Lesson 1 began with John asking his students if any of them would be interested 

in dissecting a pig's heart in the following lesson. Various students expressed 

concern about the use of animals and animal parts for scientific purposes, and a 

number of discussions ensued and were revisited by both John and his students 

at different points in the lesson.

John's introduction to the topic of Blood and Circulation began with a question and 

answer session exploring students' knowledge of the role of a circulatory system. 

Their thoughts included reference to surface area/volume ratio, diffusion and 

respiration and were pooled into a class definition, provided by John, which they all 

noted down.

Following on from this exercise, John encouraged his students to identify the major 

components of a circulatory system -that is, a pump, some vessels and a fluid. 

He then introduced them to the two types of circulatory system - single and double - 

and discussed the structures and functions of both. With John's guidance, the 

students made notes about each system as a series of bullet points. The notes 

incorporated information concerning where the systems are found, what they 

involve, various properties of them, and the advantages of a double circulation in 

comparison to a single circulation. The students also copied a diagram of a single 

circulatory system from their textbook and were given a handout which included a 

diagram of a double circulatory system.
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The next task involved the students completing a worksheet on the mammalian 

circulatory system which comprised naming various blood vessels and colouring, 

on a diagram of the mammalian circulatory system, the arteries in red and the 

veins in blue. In addition, the worksheet also required the students to identify 

various aspects of the different blood vessels such as which vessel carries blood 

at the highest pressure and which vessel carries the most glucose after a meal. 

The students completed this task individually with support from John as he moved 

around the class interacting with individuals and small groups. Correct answers to 

the questions were provided through a whole class teacher-led question and 

answer session when the students had completed the exercise.

The lesson ended with John asking his students questions about the structure and 

function of various parts of the heart whilst they examined a generalised diagram of 

a mammalian heart from their textbook. For homework, the students were asked to 

copy this diagram into their notes and familiarise themselves with it before lesson 

2.

Lesson 2

The Head of Biology (Heather) began lesson 2 by dissecting the heart of an ox for

all the students to observe. During this dissection, both Heather and John 

engaged their students in a question and answer session reviewing their 

knowledge of the structure and function of the various parts of the heart covered in 

the previous lesson. This involved recalling information connected with the 

structure and function of different parts of the heart (e.g. atrium, ventricle, tendinous
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cords). Instructions were also given to the students about how to do their own 

dissection.

The rest of the lesson was taken up with each student dissecting a pig's heart and 

labelling its constituent parts. John and Heather assisted the students individually 

with their dissection and identification. For instance, they helped the students to 

identify the right and left hand sides of the heart as well as suggesting the most 

appropriate places to cut the heart in order to open it up to observe its internal 

structure. Individual discussions with the students involved John and Heather 

commenting on the structure and function of various parts of the heart (e.g. what 

the parts look like, what they are made up of, what role they play in the overall 

function of the heart).

Lesson 3

A teacher-led discussion, note taking, and drawing activity concerning blood 

vessels - that is arteries, veins and capillaries - was the first activity of lesson 3. 

Through a whole class discussion activity, John guided his students to identify and 

note down, as a series of bullet points, information about each blood vessel 

including a description of its structure and function. The students also drew 

labelled cross sectional diagrams of each blood vessel to accompany their notes 

from their textbooks.

The next activity was a comprehension exercise. The students read a passage 

from their textbook - entitled "The Capillaries" - and answered the following 

questions:
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What is the relevance of pavement endothelium to a capillary?

What is the relevance of the sphincter muscles to a capillary network?

What is the relevance of shunt vessels to a capillary network?

During this task John discussed the textbook passage and the accompanying 

questions with individuals and small groups. Answers to the questions, involving 

descriptions of each of the structures (i.e. pavement endothelium, sphincter 

muscles and shunt vessels) and accounts of their role in mammalian circulation, 

were provided through a whole class question and answer session at the end of 

the activity.

The final lesson task began with John further discussing a capillary network with 

his students. He used an OHT of this structure to illustrate its various parts, such 

as arterioles, venules, sphincter muscles, shunt vessels and tissue fluid. 

Identification of the last part, tissue fluid, led to the sharing of students' personal 

experiences of tissue fluid as a result of skin cuts and grazes. Using the 

information on the OHT John described how tissue fluid is formed from the blood 

and how it is reabsorbed back into the blood. Following this, he gave his students 

a worksheet concerning the formation and fate of tissue fluid and spent a few 

minutes giving them clues to assist them in answering the questions. The 

students were then asked to complete the questions for their homework. 

'Describe the structure of the surrounding layer of a capillary' provides an example 

of the sort of question asked on this worksheet.
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Lesson 4

Lesson 4 began with a question and answer session reviewing information (i.e. 

properties, structure, function, location) regarding blood vessels and capillary 

networks. John continued by going through the students' homework on the 

formation and fate of tissue fluid set in lesson 3. In turn, each student was asked 

and answered one of the questions on the sheet. These answers were elaborated 

upon and discussed by John and the students.

Having accomplished this, John asked his students whether, in lesson 3, they had 

drawn a diagram of a capillary network to add to their notes. When he found that 

they had not, the second task of the lesson became the drawing and labelling of a 

simplified diagram of this structure from their textbook.

The third task comprised a research and presentation exercise. John identified the 

following research topics:

1. Haemoglobin structure and the carriage of oxygen.

2. Oxygen dissociation curve.

3. Other pigments.

The students were split into three groups and each group was allocated one topic 

to investigate and present to the class at the end of the lesson. John spent time 

with each group of students during the lesson helping them to identify what
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information to include in their presentations. The last part of the lesson involved 

the groups presenting their respective topics to John and their peers.

Lesson 5

A test on Digestion, the previous topic the students had studied prior to the 

observed unit-of-work on Blood and Circulation, began lesson 5. As this topic area 

was not the focus of this research project it will not be discussed here.

The second part of the lesson comprised a talk about the immunological aspects 

of blood from one of the laboratory technicians (Bob) who had spent much of his 

career working for the blood transfusion service. Bob demonstrated agglutination, 

using human blood, and talked about the role of antigens and antibodies in this 

process. Both John and his students asked Bob questions after the talk.

Lesson 6

The first task of lesson 6 was a question and answer session reviewing 

knowledge about haemoglobin and the oxygen dissociation curve that the students 

could recall from their presentations in lesson 4. This task provided the basis for 

the next activity in which John guided his students in taking notes about the 

structure and function of haemoglobin and the oxygen dissociation curve.

The third task involved the students attempting some questions on the oxygen 

dissociation curve and Bohr effect. During this activity John engaged his students 

in one-to-one and small group discussions about the questions. As a whole
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class, John and his students went through the answers to the questions set and, 

in addition, completed a past examination question together.

At the end of the lesson, John set his students an essay for homework with the 

following title:

The role of haemoglobin and hydrogen carbonate ions in the carriage of 

respiratory gases and the control of pH.'

Lesson 7

John was disappointed with his students' digestion test results from lesson 5 and 

so lesson 7 began with a discussion about this test. The first activity of the lesson 

involved a question and answer session reviewing students' knowledge of the 

oxygen dissociation curve and Bohr effect.

The next task comprised a teacher-led discussion and note-taking exercise 

concerning the function of the heart; how it pumps blood around the body. John 

identified the contraction (systole) and relaxation (diastole) phases of a heartbeat 

and then discussed the passage of blood through the heart. His students 

completed two flow diagrams illustrating the movements of heart valves on both 

the left and right hand side of the heart during a cardiac cycle. As the students 

were completing this activity, John discussed heart sounds with small groups of 

them. During these discussions an issue arose concerning the ethics of animal to 

human heart valve transplantation. John encouraged his students to express their 

views before reviewing, as a whole class, the students' heart valve flow diagrams
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and their understanding of heart sounds. A brief discussion about fitness during 

this review led John to instruct his students to put one arm above their heads and 

open and close the hand attached to that arm constantly for several minutes. The 

arm exercise resulted in cramp in the students' upper arms and John encouraged 

them to draw upon their knowledge of respiration and circulation in order to 

produce an explanation of the discomfort they were feeling.

The next task involved John discussing a diagram of the pressure and volume 

changes and associated valve movements during a cardiac cycle with his 

students. He identified each of the lines on the graph (e.g. ventricular pressure, 

atrial pressure) and discussed their shape in relation to the events of the cardiac 

cycle.

To finish off, as a whole class, John and his students went through a past paper 

examination question concerning pressure and volume changes and associated 

valve movements during a cardiac cycle.

In between lesson 7 and 8 the Head of Biology took another double lesson. This 

lesson focused on subject matter including the:

myogenic stimulation of the heart and transmission of the wave of excitation; 

nervous and hormonal control of heart rate in relation to changing demands.
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Although initially the plan was for John to take this lesson, unfortunately he was ill 

and so I was phoned and advised that the lesson had been cancelled. However, I 

was unaware that, in John's absence, the Head of Biology covered the lesson and 

so I was unable to observe it.

Lesson 8

Lesson 8 began with John going through the test on digestion. As this is not 

relevant to the unit-of-work observed during this research project it will not be 

discussed here. A teacher-led discussion and note-taking activity followed, the 

focus of which concerned examining the various mechanisms that humans have 

evolved to prevent the entry of microorganisms into their bodies. Various 

mechanisms, including the skin, blood clotting, mucus and lysozymes, were 

discussed and notes identifying certain information about these mechanisms, 

such as where they are found and what role they play in preventing the entry of 

microorganisms, were made.

The next task involved students working on a comprehension exercise concerning 

natural immunity. The students read a passage on phagocytosis and were asked 

to answer the following questions:

State the function of neutrophils and macrophages. 

Why do skin infections swell and go red? 

What are the limitations?



181

Throughout this activity John interacted with individuals and small groups. The 

activity ended with a teacher-led discussion of the answers to the comprehension 

questions. John then introduced viruses into the conversation and this led to a 

discussion about the common cold, antibiotics and secondary infections.

The next activity involved a teacher-led note taking task concerning acquired 

immunity. The term 'acquired immunity' was defined and then various concepts 

such as antigen, antibody, Band T lymphocytes were discussed. Notes identifying 

information about these concepts, such as what they are and what they do, were 

taken.

The final activity of lesson 8 involved a whole class recap, through a question and 

answer session, of the subject matter knowledge learnt in the lesson. This 

included questions concerning the various mechanisms of preventing the entry of 

micro-organisms into the human body and the concepts associated with natural 

immunity such as lysozyme and phagocyte.

Lesson 9

The final lesson of John's unit-of-work began with a recap of the differences

between natural and acquired immunity through a question and answer session. 

John then engaged his students in a discussion and note-taking activity 

concerning B and T cells adding further information to that identified in lesson 8. 

This information included a description of the different types of B and T cells and 

the roles they play in fighting infection. When this activity was complete, John 

talked to his class about an individual he knew who was unable to make his own
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antibodies to fight infection. He then introduced the concept of monoclonal 

antibody. Using a handout, he described: what a monoclonal antibody is; how it is 

made; and the role it plays in modern medicine. At the end of this discussion, John 

emphasised that it was important that his students learnt about monoclonal 

antibodies as questions about this biological idea often come up in exams.

During the rest of the lesson John set his students two tasks to complete. The first 

task involved reading an article on organ transplantation and answering the 

questions that accompanied it. These questions focused, in particular, on the 

moral/ethical dimension of organ transplantation and sparked off many heated 

discussions amongst the students. The second task involved taking notes and 

answering questions about blood groups. Whilst the students were engaged in 

these activities, John and Heather discussed their individual reports. Every now 

and then, John moved around the class to talk to individuals and groups involving 

himself in their discussions.
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Case Study Two

Catherine

Catherine was born in the West Indies. Unlike John, she knew from a very young 

age that she wanted to be a teacher. As far as she was concerned there was no 

question that she would do anything else as she indicates in the quotation below:

it was very easy for me. I always wanted to teach and here I am.
(Expl. Int 86-87 C)

At school she was particularly interested in science and maths and so studied 

maths, chemistry and zoology at A level. After taking her A levels she took a year 

out and worked as an assistant teacher in a local West Indian school as well as 

taking some adult evening classes before she took up her place to study Zoology 

at Ashhampstead University. She 'really enjoyed' this degree course and when 

she had finished she began a PGCE at OUDES. After completing her PGCE 

Catherine, who was only on a student visa, had to return home to the West Indies. 

Here, she took up the post of biology teacher at a boy's grammar school where she 

taught for three years. She was allowed a year's leave from the school in order to 

take up a Masters degree course in Education at OUDES and during this year she 

met her future husband. Having been awarded her Masters degree Catherine had 

to go back to the West Indies to return to her teaching post. Soon after this, 

however, she got engaged and in 1983 Catherine left the West Indies to come and 

live in England.
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Catherine and her husband settled in the midlands. When she arrived in England 

she began by doing a term's supply teaching at a local school before she got a 

permanent job as a biology teacher at St. Matthew's. She stayed at St. Matthew's 

for ten and a half years. There, as well as teaching biology, she worked as a 

mentor7 , a professional tutor and also for some time was acting Head of Biology. 

Catherine felt her work as a mentor had really helped her own development as a 

teacher. As a mentor she supported student teachers through their training year in 

school. The student teachers often asked many questions about what she was 

doing when teaching and why and Catherine believed this encouraged her to 

question her own teaching and become more reflective about what she did in the 

classroom. In particular she felt that mentoring helped her to be sure she was 

'doing things fora reason'.

From St. Matthew's, Catherine was appointed as Head of Lower School at another 

Local Education Authority controlled co-educational 11-18 comprehensive: 

Culverhay School. It was at Culverhay that Catherine was teaching during this 

research project. She was beginning her fourth year of full-time teaching at 

Culverhay when the project began. In addition to being Head of Lower School, 

Catherine was also teaching science to Year 8 and biology to Year 9, KS4 and A 

level. Culverhay was located in a town on the outskirts of an academic city in the 

midlands and had approximately 1150 students on roll comprising Year 7 to Year 

13. It employed 70 teaching staff.

7 This refers to a school based subject specialist working with student teachers.
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The catchment area for Culverhay was very mixed. Catherine described it as being 

'fully comprehensive' although 'slightly skewed by ability towards the bottom end'. 

She suggested this might result from the many independent schools in the city 

creaming off the high ability students. She also described the school as 'very 

white' with a multicultural element lacking. Catherine depicted Culverhay as having 

a very caring ethos. She felt the school went 'to great lengths pastorally' involving 

the families of students in school life and being very tolerant of students' problems.

Catherine described herself as being part of a large science department (ten full- 

time members of staff). She described the science department as being 'very 

talented' with 'good relations between the sciences'. She felt the overall 

department had 'strong leadership' and was very supportive, in particular with new 

staff. She described the Science Department as being noteworthy within the 

school for its strong ICT skills, record keeping and good target setting and 

monitoring. The Biology Department comprised three full-time biology specialists 

(including the Head of Department). Catherine described the department as being 

supportive with good relations between the teachers and an excellent technician.

Culverhay had a reasonably large (approximately 220 students) and growing sixth 

form which Catherine described as a 'tremendous strength of the school'. As well
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as students who had been at Culverhay for KS38 and KS4, students also came to 

Culverhay from other schools in the area specifically for the sixth form provision. 

Biology was a popular subject in the sixth form with, on average, about twenty-five 

students choosing to take the subject at A or AS level every year. This meant two 

new groups each year giving all three biologists the opportunity to teach either A 

level or AS level biology. The teaching of the groups was timetabled so that each 

group was shared between two of the three teachers.

At the time of the study Catherine had seventeen and a half years experience as an 

A level biology teacher. Although she had spent most of that time teaching the AEB 

linear biology course she also had experience teaching an Oxford9 A level biology 

syllabus as well as the biochemistry aspect of a Nuffield 10 Alevel chemistry course. 

Catherine liked the AEB linear A level biology course. She felt the syllabus provided 

students with a good basis of knowledge and understanding of biology which, if 

required, they could build upon in future courses. She was not keen to change to 

the AEB modular equivalent. She felt that since the gap between the knowledge 

and understanding students have at GCSE and the knowledge and understanding 

students are required to have in order to pass A level is so big, changing to 

modular A levels would be detrimental to her students' achievement. She felt it

8 KS3 refers to a compulsory national programme of study for students aged 11-14.
9 The Oxford Examining Board; an examination board that provides syllabuses for many subjects 

at A level including biology.
10 The Northern Examining Board; an examination board that provides syllabuses for many 

subjects at A level, including chemistry.
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would be difficult to get her students up to speed as quickly as she would need to if 

they had to take the modular examinations.

At the time of the study Catherine was teaching the A level linear biology course 

developed by the Associated Examining Board. 11 Her A level teaching during the 

research period consisted of two Year 12 (including the group observed for the 

research purposes) and two Year 13 groups.

The study began with Catherine in November 1997, continued until January 1998 

and involved a group of nine Year 12 A level biology students - six girls and three 

boys - at the beginning of the 1997/1998 academic year. Catherine commented 

that the sixth form at Culverhay had an open policy and therefore took students with 

a wide range of academic ability. This was mirrored in the students who took 

biology at A level. She described the group that was observed in this research 

project in a similar way. She felt some of her students were extremely able, many 

having obtained As or A*s12 in science, maths and English at GCSE. Others, 

however, were more inclined to struggle having not done so well at GCSE. 

Furthermore, similar to John's students, the individuals in the group taught for his 

research project were taking a mixture of subjects at A level. Some were studying

11 The Associated Examining Board, General Certificate of Education - Advanced Level Biology - 
Linear A99/03, 0607, 1999 syllabuses for Biology/Human Biology.

12 A* is a grade that has been introduced to provide additional discrimination within the body of 
students achieving this top grade.
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all three sciences and/or maths whilst, for others, biology was their only science 

and it was combined with more arts based subjects such as English and history. 

In addition, one student in Catherine's class had a severe disability. This 

individual (Paul), although 'an extremely strong GCSE candidate', was struggling 

as he had a brain tumour and, as a consequence of this, was losing his sight. 

Catherine felt the school was supporting him in every way it could. Paul had a 

learning support assistant in all of his lessons.

Like John, Catherine really enjoyed her A level teaching. For her, the relationships 

she built with her A level students were a refreshing change from the sorts of 

relationships she developed with younger students (e.g. disciplining and sorting 

out problems) in her role as Head of Lower School.

Similar to John, Catherine's major aim as an A level biology teacher was to ensure 

she got her students through their A level exams because she felt that in the long 

run 'that's what society is going to ask of them'. Furthermore, like John, she 

commented that in order to do well in their A level examinations, her students 

would need to acquire a:

considerable amount of biological knowledge ... there is so much on the syllabus 
that they have to know, biochemistry, cells, respiration, photosynthesis, different 
systems like the nervous system, there's so much to learn.

(Expl Int C 329-322)

An additional aim of Catherine's as an A level biology teacher was to ensure that 

her students enjoyed studying biology. She was keen to encourage them to
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appreciate the wonder of the world around them, as this was something they could 

take with them throughout their lives.
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The unit-of work

The observed unit-of-work for Catherine comprised part of the AEB linear A level 

biology course taught at Culverhay. The course itself was composed of four 

sections (The Organisation of Living Organisms; Variation and the Mechanisms of 

Inheritance and Evolution; The Biology of Ecosystems; Life Processes) comprising 

80% of the total marks and a 20% teacher assessed practical work component. At 

the time of the research project, Catherine was teaching section 1 - The 

Organisation of Living Organisms. This section comprised seven subsections:

1.1 The cell is the basic structure of prokaryotes and eukaryotes.
1.2 The electron microscope and the techniques of cell fractionation may be 

used to study ultrastructure.
1.3 The properties of cell membranes are related to the passage of 

substances through them.
1.4 Large molecules are important in the structure and functioning of cells.
1.5 Enzymes are proteins which control biochemical reaction in cells.
1.6 Aerobic and anaerobic respiration produce ATP which is the immediate 

source of energy for all cell activities.
1.7 Photosynthesis is a method of utilising energy to synthesise organic 

molecules from inorganic sources.

The observed unit-of-work comprised subsection 1.6 - Aerobic and anaerobic 

respiration produce ATP which is the immediate source of energy for all cell 

activities.

Afull outline of the subject content included in this section of the syllabus is found 

in Appendix A. Catherine indicated that she had taught this unit-of-work 'many 

times before.' The observed unit-of-work took place over 4 weeks and comprised 

four single and two double lessons. The following section provides a description
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of the overall shape of this unit-of-work. All the curriculum materials and copies of 

the notes taken throughout Catherine's unit-of-work are found in Appendix I.

Lesson 1

The first lesson of Catherine's unit-of-work began with a teacher-led question and 

answer session exploring students' knowledge of the process of respiration. The 

question and answer session established several aspects of information about 

this process including its necessary raw materials (e.g. oxygen and glucose) and 

where it occurs (e.g. in all body cells). Furthermore, it established how these raw 

materials get into a mammalian body which involved reference to digestion, 

absorption, blood, cell membranes and breathing.

Following on from this exercise, Catherine encouraged her students to label a 

diagram of a section through a thorax. Whilst they completed this activity Catherine 

moved around the classroom interacting with individual students and small 

groups. When the majority of her students had completed this activity Catherine 

went through the answers to the exercise as a group. In addition to asking her 

students to provide names for the different parts of the thorax, Catherine discussed 

some of these various parts in more detail. For example, she described the 

structure of the trachea - made up of C shaped rings of cartilage - and 

encouraged her students to consider the relevance of this shape in the context of a 

living human.

Having finished this exercise, Catherine went on to point out the difference between 

the process of breathing and the process of respiration through a discussion of
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each process's distinguishing characteristics. For example, breathing was 

defined as getting air in and out of the body and respiration was defined as a way 

of producing energy in all body cells using oxygen and glucose. Catherine went on 

to emphasise that respiration is a multi-stage process. She announced to her 

students that, in order to help them learn about it, she would break it up into 

different stages and one stage would be tackled at a time.

The rest of the lesson comprised a teacher-led discussion and note-taking task in 

which Catherine and her students explored the concept of ATP and the first stage of 

respiration: glycolysis. Various aspects of information were identified and noted 

down for each idea as well as several diagrams.

Lesson 2

Lesson 2 began with a teacher-led question and answer session reviewing the

previous lesson's work on glycolysis. This question and answer session involved 

recalling information about this process that Catherine had identified in lesson 1 

(e.g. its location, and what it involves, for example, phosphorylation).

In the second part of the lesson the students completed a practical investigating 

respiration in live maggots. Catherine demonstrated how to set up a respirometer 

using the equipment available to them. She then assisted her students in setting 

up and monitoring their own respirometers. As part of their experimental write up, 

Catherine encouraged her students to predict what they thought might happen to 

the level of the eosin dye in their respirometers over time. During this write-up, 

Catherine discussed her students' predictions with individuals and small groups.
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In addition to this, through classroom discussion she encouraged her students to 

think about how they could improve their experimental control.

The final part of the lesson continued the previous lesson's discussion about 

glycolysis. In a teacher-led discussion and note-taking exercise, Catherine 

identified further information about this process including cleavage and oxidation. 

She summarised this on the board through bullet points and diagrams which her 

students copied into their notebooks.

Lesson 3

The third lesson of Catherine's unit-of-work began with her informing her students

that the maggots used in the experiment in lesson 2 had all perished having fallen 

into the potassium hydroxide at the bottom of the respirometer. This led to a brief 

class discussion about pain and whether the maggots had suffered as a result of 

being part of the respirometer experiment. Following this discussion, a question 

and answer session explored what the students predicted might have happened if 

the maggots had not perished. They predicted that the eosin dye would move 

towards the respiring maggots. This question and answer session also explored 

the students' thoughts on improving the control used in the experiment. They 

suggested the use of disinfected dead maggots in a muslin bag rather than the 

use of glass beads.

The second and final task of the lesson comprised a teacher-led discussion and 

note-taking activity concerning two biological processes - the Link Reaction and 

the Krebs Cycle. Using an OHT and a handout, Catherine identified information
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about each process (e.g. what each process involved, what sorts of things 

happened in each process). This information was summarised in diagrammatic 

form on the OHT. Catherine also annotated the OHT during the activity. 

Catherine's students copied the information on the OHT into their notebooks. The 

lesson ended with a question and answer session reviewing the information the 

students had learnt about the two biological processes, including, for example, 

where they are located and what they involve.

Catherine's commitments as Head of Lower School meant she was unable to 

teach the next lesson. She informed me in advance that the lesson would be 

cancelled. Despite this she still set her students work from their textbook on 

Respiratory Quotients which they had to leave in her pigeon hole at the end of their 

scheduled lesson.

Lesson 4

Catherine began lesson 4 by going through the assignment she had set her

students on Respiratory Quotients. Each student, in turn, was asked to provide an 

answer to one of the assignment questions.

Next, through a teacher-led question and answer session, Catherine reviewed her 

students' knowledge and understanding of the Link Reaction and the Krebs Cycle. 

The question and answer session involved, for example, identifying various 

aspects of information about each process such as where each process is found.
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Finally, in a brief teacher-led discussion and note-taking activity Catherine 

introduced the idea of the Electron Transport Chain identifying where the process 

takes place, its basic purpose and other names for it (e.g. Hydrogen Carrier 

System).

Lesson 5

Lesson 5 began with a teacher-led question and answer session reviewing the

information about the Krebs Cycle Catherine's students had learnt in lesson 3.

Next Catherine led a discussion and note-taking exercise concerning the Electron 

Transport Chain. An OHT was used in order to emphasise various aspects of 

information about the Electron Transport Chain and some teacher dictation was 

also used in order to summarise key points (e.g. what the Electron Transport 

Chain involves - the Electron Transport Chain involves a series of 

oxidation/reduction reactions). Catherine then helped her students to identify 

where and how many ATPs are produced when one molecule of glucose is 

aerobically respired.

The subsequent activity involved Catherine taking her students through two 

handouts, one being a summary of cellular respiration and the other a sheet on 

ATP. The students were asked to highlight various sections on the handouts. For 

instance, on the ATP summary sheet, they were asked to underline various 

processes that require ATP including muscle contraction and protein synthesis.
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The final part of the lesson involved a teacher-led discussion and note-taking 

exercise concerning anaerobic respiration. Teacher dictation was used in order to 

summarise various points such as what anaerobic respiration means (e.g. 

respiration without oxygen) and what it involves (e.g. sugar being converted, with 

the release of energy, to lactic acid in animals and ethanol in plants and fungi).

Lesson 6

The final lesson of Catherine's unit-of-work began with a question and answer 

session reviewing what the students had learnt about the Electron Transport Chain 

and anaerobic respiration in the previous lesson.

Following on from this recap, Catherine posed a problem for her students 'what 

kind of runners ... sprint or marathon are more likely to get cramp?' She 

encouraged them to produce an account to explain which type of runner they 

thought would be most likely to suffer from a build up of lactic acid by drawing upon 

their biological knowledge.

The final part of lesson 6 involved a teacher-led discussion and note-taking 

exercise concerning the respiration of alternative respiratory substrates (e.g. fat 

and protein). The students copied a diagram Catherine drew on the board 

illustrating the process of respiration using respiratory substrates other than 

carbohydrates. Catherine employed dictation to summarise, for example, the 

various processes involved in the respiration of fat and protein.
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Case Study Three

Sally

Sally, like Catherine, had always wanted to become a teacher from a young age.

Interested in the sciences, she took A levels in biology, chemistry, physics and 

general studies and was accepted at Brockenhurst University to study a joint 

degree in Botany and Zoology. During her four year undergraduate degree Sally 

had a slight change of mind about teaching as a career. Sharing a house with a 

PGCE student made her aware of the 'horrendous' workload of teaching. This 

encouraged her to consider other careers such as 'an Assistant Governess ... with 

the Prison Service', however, deep down she still felt that her heart was in teaching. 

Consequently, during the final year of her undergraduate degree Sally interviewed 

fora place on the PGCE course at Brockenhurst and the following year enrolled as 

a student teacher.

Sally's teaching career began at an all-girls Convent school in Hamilton where she 

was employed to teach biology. After two years she moved to an all-boy's school in 

Findle, Roster where she also taught biology. After five years she moved gaining a 

promotion as Head of Biology at a mixed comprehensive - Nailsea School - on the 

outskirts of Hamilton. During her time at this school she taught biology, general 

studies, personal and social education and chemistry up to Year 9 and also was 

promoted internally to become Head of Careers Education. In addition, at Nailsea 

School, Sally also completed a part-time Masters degree in Science Education at
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Berry's College, Hamilton which she enjoyed despite holding down her full-time 

teaching job as she indicates in the following quotation:

I did enjoy it, the thought of going after a days teaching was sort of ugh but you 
got a real buzz when you were actually there, I think you do on those sort of 
things.

(Expl. lntS61-63)

Sally stayed for eight years at Nailsea School and then gave in her notice when she 

got married in order to move where her husband lived. When she arrived in the 

midlands she applied for various jobs that were on offer and, although it was a 

demotion from her previous job, she took the Head of Biology post at Beechencliff 

High School. At the time of data collection Sally had been at Beechencliff High 

School for ten years.

Founded in 1548 Beechencliff is a voluntary controlled co-educational 

comprehensive school located in the rural town of Camerton in the midlands. It 

had been designated with additional special provision for students with moderate 

learning difficulties. Beechencliff is a large school with 1232 students on roll, 

employing some 85 teaching staff. The school is located on two sites some four 

minutes walk apart. A mixture of old and new architecture, some of the buildings 

date from mediaeval times whilst others are twentieth century constructions. Sally 

felt that working in a split site school had its disadvantages. On days when she 

was teaching on both sites she felt she 'needed more energy'. Moving between 

the sites for different lessons meant, at times, that she was tired and even late for 

lessons. As she taught in a number of different rooms she also felt it difficult to
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personalise her space. Sally's A level biology teaching, however, was always 

located in the same classroom.

Beechencliff was the only state secondary school in Camerton. Sally described the 

school as a rural comprehensive taking students across the ability range. Its 

catchment area incorporated Camerton, which was a growing town, as well as 

many rural villages. Sally described the school as being 'fairly friendly'. She felt 

there were good staff-student relationships as well as a strong work ethic. As 

Head of Biology, Sally was employed to teach biology at A level and Science at KS3 

and KS4. She also had the special task of moderating Science 1 Investigations at 

KS4. In addition to this, Sally was also an experienced mentor and often worked 

with student teachers when they were attached to the school. Sally was very 

interested in mentoring and felt that her involvement in mentoring had, and 

continued to have, a positive impact on her teaching. Sally felt that mentoring 

provided her with the opportunity to develop professionally. She considered that 

her role as a mentor prevented her from becoming a 'staid' teacher and 

encouraged her to become more reflective about her practice because student 

teachers were always questioning her about her teaching (e.g. what she was doing 

in lessons and why). Sally also felt that mentoring encouraged her to read widely 

about science education. At the time of the research Sally was assisting OUDES in 

the development of a mentoring diploma.

Sally was part of a large Science Department comprising thirteen staff. She felt 

there were good relations between the different sciences. Overall she considered
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the department to have a good team spirit where the individual teachers supported 

each other and were happy to share their expertise. Sally characterised the Biology 

Department in much the same way as the Science Department with good relations 

and communication between staff. She felt the Department worked well as a team 

'towards the common goal of doing the best for students, you know, getting them 

the exam results they deserve'. Including Sally, the other members of the biology 

team were one part-time and four full-time teachers.

Beechencliff has a large sixth form comprising some 240 students. Biology was a 

popular subject to take at A level. It was the favourite of all the sciences and also a 

popular choice in the school across all the other A level subjects. On average 

between 20 and 30 students enrolled to take A or AS level biology every year 

ensuring two good-sized groups. This gave each of the full-time biologists in the 

Department the opportunity to teach biology at A level. Unless timetabling dictated 

something different, two biology teachers shared each A level group. Every year, 

therefore, each of the four full-time biologists shared one Year 12 and one Year 13 

A level biology group.

At the time of the study, Sally had a wealth of experience as an A level science 

teacher; four years as an A level botany teacher, twenty-one years as an A level 

biology teacher and a few years as an AS human biology teacher. She had taught
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several different boards including London 13 , AEB and NEAB. At the time of the 

study, Sally was teaching the A level biology modular course developed by Northern 

Examinations and Assessment Board 14 . She was teaching two A level classes 

during the research period, one Year 12 and one Year 13.

When Sally first took up her post at Beechencliff, the students were studying for the 

AEB linear A level biology course that she really liked. The Science Faculty, 

however, made a decision to change from linear to modular A level and decided on 

NEAB as the most favourable board. Sally seemed happy to change to the NEAB 

syllabus. She felt it was:

a good grounding in biology, it's got a lot of the concepts that are necessary but 
it's also got the extra little bits that make them interested like the Health and 
Disease, like some of the Behaviour so they can relate it to themselves, to what's 
going on.

(Expl. Int S 430-434).

She still had reservations, however, about the modular aspect of the course. She 

felt the modular course was not as good for the weaker candidates as they simply 

were not ready to take exams in their first year of A level. Doing badly in these first 

module tests she felt had a 'demoralising effect on them'.

13 The London Examining Board is an examination board that provides syllabuses for many 
subjects at A level including biology.

14 Northern Examinations and Assessment Board, General Certificate of Education - Advanced 
Level Biology - Modular 4164, 1999 syllabuses for Biological Sciences.
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At Beechencliff the biology A level course tended to attract a complete mix of 

students in terms of the combinations of other subjects they were doing. Some of 

the students taking A level biology were pure scientists, their other A levels in 

science or maths whilst others chose biology as their only science, their other A 

levels in arts subjects such as English or geography. In terms of ability, Sally 

indicated that the students taking A level biology were across the academic 

spectrum, with some definite A grade candidates and some who would struggle to 

get a grade at all. Timetabling had led to an interesting split between the two Year 

12 A level biology groups, one (Sally's class) of which was observed during the 

research period. The other biology teacher, James, had been allocated a group 

who had done enormously well at GCSE. Sally described his students as 'very 

bright' and felt they were progressing extremely well in their A level studies. In 

contrast, Sally described her group as comprising mostly the weaker GCSE 

candidates who lacked confidence in their abilities and were really struggling at A 

level although she also had a few 'high flyers'. Sally called this group 'the 

plodders' but remained positive that through hard work in the end they would 'get 

there'. The study began with Sally in June 1998, continued until July 1998 and 

involved a group of thirteen Year 12 A level biology students, six boys and seven 

girls, at the beginning of the 1997/1998 academic year.

Similar to both John and Catherine, Sally's overall aim as a biology teacher at A 

level was to get her students through their exams to the best of their ability ('to get 

them to get their best mark possible for them ... because we are in an exam 

orientated world'). She also mentioned that in order to be successful in their
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examinations, her students would need to develop a considerable knowledge of 

biological subject matter ('they need to know so much stuff to do their exams, so 

much biology').

In addition, however, she was also keen for her students to enjoy the subject and 

wanted them to 'go home and talk about it' and 'want to find out a bit more'. She 

hoped that with some of her students she would 'create a little spark'.

Sally really enjoyed her A level biology teaching because of the sorts of 

relationships she was able to develop with her students ('you can have more adult 

conversations') as well as the opportunity it gave her to engage more with her 

subject ('you talk more about your subject'). She also really enjoyed watching her 

students' understanding of the subject develop over the two year course. In her 

words:

you start off with a group and when you get to the end of Year 12 the start of 
Year 13 things start slotting into place and they start giving you the right answers 
back, they start to see the light.

(Expl. Int S 570-573)

The unit-of-work

The observed unit-of-work for Sally comprised part of the NEAB modular A level

biology course taught at Beechencliff High School. The course was composed of 

six modules, two compulsory and a choice of a further four from a selection of 

seven (see figure 5.1 for further detail).
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Figure 5.1 The compulsory and option modules comprising the NEAB modular A 
level biology course tauaht bv Sallv

MODULE

BYO1 Processes of Life (compulsory)
BYO2 Continuity of Life (compulsory)
BYO3 Physiology (option)
BYO4 The Biological Basis of Behaviour (option)
BYO5 Ecology (option)
BYO6 Microorganisms and Biotechnology (option)
BYO7 Biology and Food Production (option)
BYO8 Health and Disease (option)
BYO9 Social Biology (option)

Each module was allocated 162/3% of the total marks: 3% allocated to teacher- 

assessed practical skills (in the form of an investigation related to the module 

studied) and 132/3% to the end of module test. At the time of the research project, 

Sally was teaching module BYO3 Physiology. The module comprised eight 

numbered sections:

3.1 Relationship between surface area and volume
3.2 Gaseous exchange
3.3 Ventilation
3.4 Obtaining food
3.5 Digestion in mammals
3.6 Exchange of water and ions in plants
3.7 Transport systems
3.8 Exchange and transport of wastes

The observed unit-of-work covered a large proportion of section 3.5 Digestion in 

mammals. Afull outline of the subject matter included in the unit-of-work is found 

in Appendix A
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This was the third time Sally had taught this particular unit-of-work although she 

commented that she had taught the ideas involved in it many times before. The 

observed unit-of-work spanned a total of two and a half weeks involving two double 

and six single lessons. The following section provides a description of the overall 

shape of the unit-of-work Sally taught during the research period. All the curriculum 

materials and copies of the notes taken throughout Sally's unit-of-work are found in 

Appendix J.

Lesson 1

The first lesson of Sally's unit-of-work began with a brainstorm about digestion. 

The students were given several minutes to write down anything they could think of 

that was related to the process of digestion such as particular enzymes involved in 

it or specific organs associated with it. The students then shared their ideas and 

Sally collated them on the board. Drawing upon their ideas, Sally summarised 

what the students would learn about digestion during this unit-of-work. The 

summary included knowledge of the structure and function of the digestive system 

and the secretions associated with the process of digestion.

The second activity involved Sally talking through a handout she gave students on 

the anatomy and microanatomy of the gut. First, in the style of a lecture, Sally 

identified and spoke about each of the labelled parts (e.g. stomach and gall 

bladder) on a cut away diagram of the human digestive system from mouth to 

anus. Her dialogue involved describing the structure of the different parts (e.g. 

what they look like, what they are made up of) and discussing the role they play in 

mammalian digestion (e.g. whether they produce specific enzymes important in the
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process of digestion, whether they are the site of digestion of a particular type of 

nutrient). Interspersed with this discussion, the students asked Sally various 

questions relating to personal experiences of their own digestive systems (e.g. why 

when you are sick does it burn the back of your throat?). Sally drew upon her 

biological knowledge to answer these questions. In addition, Sally talked through 

a further diagram on the handout showing the main regions of the gut wall. Each 

region was described by identifying what it looked like and what role it plays in 

digestion. For example, the mucosa region was described as:

comprising connective tissue, blood vessels, glands and lymph vessels; 

important for the secretion of enzymes and the absorption of digested food.

Finally, Sally asked one of her students to describe how food moves along the gut 

(i.e. by peristalsis).

Lesson 2

Lesson 2 began with a discussion of the process of digestion. Sally identified

various bits of information about the process (e.g. what it involves) which her 

students copied into their notebooks. Sally then gave each student a handout 

which described a practical she wanted them to complete on the digestion of 

starch. The students were instructed to read through the practical and then Sally 

showed them the equipment they would be using and gave them some tips on 

safety. At this point Sally provided them with instructions, which she subsequently 

wrote on the board, setting out how she wanted the experiment written up. During 

the practical, Sally moved around the class discussing with individual groups of
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students what results they might expect from it. Furthermore, during these 

conversations she reviewed various biological ideas connected to the digestion of 

starch (i.e. polysaccharides, disaccharides, hydrolysis and enzymes) that the 

students had covered in an earlier module. This review involved the students 

recalling specific bits of information about the biological ideas such as what they 

are made of (e.g. disaccharides) or what they involve (e.g. hydrolysis). Having 

helped her students pack away their equipment, Sally initiated a plenary in which 

she and her students discussed their experimental results and drew some 

conclusions.

Lesson 3

In lesson 3, Sally engaged her students in individual research projects. Each 

student was assigned a digestive structure and/or secretion to investigate. The 

purpose of this investigation was to produce an information sheet incorporating 

specific details about the structure/secretion and any appropriate diagrams of it. 

Sally assisted her students in this research task by suggesting to the whole class, 

and also on an individual basis, what sorts of details and diagrams might be 

appropriate to include in their information sheets. For example, for students 

assigned a digestive structure, such as stomach, Sally suggested they focused on 

details concerning its structure and function. For students assigned a digestive 

secretion, such as bile, she suggested they focus on details concerning the 

contents of the juice, the required stimulus to get the juice flowing, and the site of 

its production.
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The majority of the lesson was spent with students investigating the particular 

structure and/or secretion assigned to them. Atone point in the lesson, however, 

Sally stopped her students working on their individual projects in order to introduce 

various biological ideas connected with protein digestion. She discussed 

endopeptidases and exopeptidases, identifying various bits of information about 

them including where they are produced and what role they play in protein 

digestion.

Lesson 4

Lesson 4 began with the students finishing off the research projects they started in

lesson 3 with Sally providing assistance if required.

The second activity involved the students observing microscope slides of various 

parts of the gut, including the oesophagus, duodenum, stomach and rectum, and 

producing tissue plans of them. For homework, Sally gave her students a series of 

questions on the topic of digestion. The idea was for the students to use each 

other's information sheets to help answer the questions. The questions covered 

the structure and function of various parts of the gut and the contents of different 

digestive juices, their stimulus for secretion, place of production and site of action.

Lesson 5

Sally spent all of lesson 5 going through the answers to the homework questions

on digestion set in lesson 4. Each student, in turn, was asked to provide an

answer to one of the homework questions. When they reached question 6,

concerning the main regions of the mammalian gut wall, Sally gave out two sheets.
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The first identified the four basic layers of the gut wall and the second identified the 

main function and adaptations of these layers in different regions of the gut (e.g. 

oesophagus, stomach, ileum, colon). Together, Sally and her students read 

through the two sheets. She identified for her students what they needed to know, 

in particular the structures and functions of the four layers of the gut and what sorts 

of adaptations they display in various regions of the gut for their end of module 

exam. The lesson continued with the students providing answers to the homework 

questions on digestion.

Lesson 6

Lesson 6 began with Sally demonstrating a practical on protein digestion she 

wanted her students to complete. The first part of the lesson was taken up with the 

students setting up this practical. When this was done, the students followed 

Sally's instructions for the write-up including an introduction and the preparation of 

a results table. As it was near the end of term, the class then had a break in which 

Sally provided each student with a cake to eat. After the break, the students 

individually recorded the results of the protein digestion experiment. Sally engaged 

some of her students in a question and answer session about their results. The 

final task involved Sally continuing to go through the homework questions on the 

structure and function of the digestive system set in lesson 4. The format was 

similar to lesson 5 where each student, in turn, provided an answer to a specific 

question.
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Lesson 7

The seventh lesson of Sally's unit-of-work began with her talking individually to her 

students about the results of their protein practical. The students then packed 

away their apparatus.

The second activity involved Sally going through a summary sheet on digestion and 

absorption with her students, discussing the digestion and absorption of 

carbohydrates, proteins and fats. The summary sheet, for example, covered things 

like the enzymes involved in breaking down carbohydrates, proteins and fats, the 

end products produced, the site of absorption and the processes involved in 

absorption.

In the third activity, the students were given a worksheet on the role of nervous and 

hormonal stimulation in digestion. Sally gave her students 10 minutes in which to 

read the sheet and answer the questions on it. When they had completed the 

questions, Sally discussed the answers with them in a whole class question and 

answer session.

Following on from this activity, Sally provided her students with a handout on the 

large intestine that she asked them to read. She then discussed with them the role 

of the large intestine in digestion (e.g. reabsorption of water and ions). Sally then 

posed her students a problem 'why is it that cholera causes chronic diarrhoea in 

humans?'. She gave her students some contextual information about what cholera 

does to the lining of the large intestine and then encouraged them to solve the
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problem posed by drawing upon their biological knowledge from the digestion 

topic and other topic areas. The final lesson activity involved working through some 

past paper examination questions with the students.

Lesson 8

The final lesson of Sally's unit-of-work began with a written test on the digestion 

topic. The students were given a sheet covered by a grid containing information in 

each box about either an organ or secretion, the effect of an organ or secretion, the 

contents of a secretion, the stimulus required fora secretion or the site of action of 

a secretion. The test involved the students reorganising the information into a table 

with the following structure:

Organ/secretion Contents Effect Site of action Stimulus

When the students had finished this test the rest of the lesson was spent with Sally 

giving the students an oral assessment where, for example, they had to name 

particular parts of the gut or particular processes based on the information given to 

them (e.g. one student was asked what term referred to the process of breaking 

down fat into smaller droplets).
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Summary

This chapter has sought to present rich, descriptive accounts of the three case 

study settings by providing information about the three teachers, their respective 

students, the schools in which they worked and the units-of-work they taught during 

the research period. Interestingly, despite their different backgrounds and the 

different schools in which they taught, all three teachers shared the same basic 

aim to their A level biology teaching - to get their students through their 

examinations to the best of their abilities. Through these descriptive accounts this 

chapter has suggested that, in order for these teachers to achieve this aim they 

took account of a variety of factors within the contexts in which they worked 

including their students, the resources available to them and the curriculum. All 

three teachers conceptualised the A level curriculum - as manifest in their 

respective syllabi - as content laden. Furthermore, they believed that to be 

successful in their examinations their students needed to acquire a lot of biological 

knowledge. In light of this, the following chapter will examine the ways in which 

these three teachers conceptualised the biological knowledge they believed was 

needed to be successful in A level exams and how they represented this 

knowledge to their students to encourage them to encode, store and retrieve it 

when necessary.
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Chapter Six

Constructing the A Level Biology Curriculum for Student 
Success in A Level Examinations 1

Introduction

In the previous chapter it was argued that the overriding aim of all three teachers' 

teaching of biology at A level was to prepare their students for examination success. 

Further, it was suggested that to be successful their students needed to acquire the 

vast amount of biological knowledge that would form the basis of their assessment. 

The purpose of this chapter is to examine the ways in which the three teachers 

believed their students needed to know the A level biology curriculum for examination 

success and how they worked to bring about the development of such knowledge in 

their students. A distinction first proposed by Schwab in 1964 (see 1964a and 

1964b), and discussed in chapter two, provides a useful analytical framework for 

exploring the conceptions of biology that the three teachers believed their students 

needed to develop to ensure successful examination results. To remind the reader 

of this distinction a brief description is given here. Schwab's distinction classifies 

subject matter content knowledge into two dimensions: substantive knowledge and 

syntactic knowledge. Substantive knowledge is composed of two aspects. The first 

embodies a subject's facts, concepts, principles and theories. The second comprises 

the conceptual frameworks or knowledge structures of a subject. Syntactic 

knowledge is defined as comprising the methods and modes of inquiry a discipline

1 Whilst for all three teachers the A Level examination in biology comprised both written tests and 
coursework, they seemed to separate these two methods of assessment and preparation for 
examinations appeared synonymous with preparation for written tests. Consequently, in this thesis 
the term examination is considered in its narrowest sense as a written test under timed conditions.
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develops as well as the canons of evidence and warrantability it draws upon in order 

to verify its knowledge claims.

In this chapter, it will be argued that, in relation to the three topics taught during this 

research project, these teachers believed that, to achieve A level success, their 

students only needed to know the substantive dimension of biological knowledge. 

Indeed, it will suggest that the teachers did not consider knowing the syntactic 

dimension of biological knowledge to be a prerequisite to examination success. 

Further, it will argue that the teachers believed that their students needed to 

conceptualise this substantive biological knowledge in several patterned ways. 

Moreover, it will suggest that the pedagogical strategies the teachers used in the 

classroom were carefully selected and managed in order that the specific 

conceptualisations of substantive biological knowledge they considered critical to 

know were developed and reinforced in their students.

This chapter is split into five sections. The first three sections will consider the 

substantive aspect of biological knowledge. The first section will explore the 

conceptualisations of substantive knowledge the three teachers sought to develop in 

their students. In essence it will consider what, to these teachers, it means to 'know' 

substantive biological knowledge for success at A level. The second section will 

consider how these three teachers encouraged their students to conceptualise 

substantive biological content in these ways - that is how they assisted their students 

in developing and retaining these conceptions of biology. The third section will 

explore how the teachers decided what substantive biological knowledge their
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students needed to know and in what ways it needed to be known for examination 

success.

The fourth section will show how developing students' knowledge and understanding 

of the syntactic aspect of biology was not considered an important feature of the 

teachers' successful teaching of biology at A level. Moreover, it will provide 

suggestions to account for the lack of emphasis given to developing students' 

understanding of the nature of biology/science.

The fifth and final section will present a summary of the chapter's main findings and 

consider their relationship to those of previous studies.
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Conceptualising substantive biological knowledge for success 
at A level

This section begins with three quotations from the teacher interviews. These 

quotations give rise to the major finding upon which the first three sections of this 

chapter are based. In post-lesson interview 6, John identifies his teaching as 

successful because he feels that, at the end of lesson 6, his students have 

developed knowledge of the oxygen dissociation curve. In his words:

I got through, my plan was the dissociation curve ... I think they grasped it 
amazingly quickly ... it was another difficult concept.

(plint6J17-38)

Similarly, in post-lesson interview 4, Catherine identifies her teaching as successful 

because she feels her students have acquired knowledge of respiratory quotient 

when she says:

I felt... that by the time I was finished they knew what a respiratory quotient was.
(plint 4 C 48-50)

Finally, in post-lesson interview 6, Sally identifies her teaching as successful because 

she feels confident that her students have developed knowledge of exopeptidases 

and endopeptidases. In her words:

It was good ... so I think they've grasped those ideas [exopeptidases and 
endopeptidases].

(plint 6 S 37-42)

Although the three quotations above relate to three very different topic areas, what is 

common to them is that in each the teachers identify their teaching as successful



217

because they feel that their students have acquired knowledge of what John refers to 

as a 'concept', and Sally refers to as 'ideas'. Across the teachers' interviews, they 

repeatedly identify their teaching as successful if they perceive their students to have 

acquired knowledge of what they variously refer to as 'concepts', 'ideas', 'things' and 

'bits'.

But what is a 'concept', 'idea', 'thing' or 'bit'? In explicating what is meant by a 

'concept', 'idea', 'thing' or 'bit' it is useful to draw upon the work of Ogborn et al 

(1996). These researchers studied videotapes of a number of teachers teaching 

science in order to try to make sense of the role that explanation plays in science 

teaching. They identified a key aspect of producing an explanation as constructing 

the entities from which the explanation is developed. These entities are defined as 

'things to think with'. In this chapter it is proposed that what the teachers variously 

refer to as 'concepts', 'ideas', 'things' and 'bits' are synonymous with Ogborn et a/'s 

entities.
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But what is meant by a 'thing to think with'? Although Ogborn et al give many 

examples of entities in their work, they refrain from categorising them definitively in 

any other way than as 'things to think with 1 . Though they suggest that some entities 

might be considered as material things (e.g. teeth) whilst others might be considered 

as conceptual things (e.g. density) and yet others might be considered as processes2 

(e.g. evaporation), no robust definitions for these possible classifications are offered. 

They appear to refrain from offering definitive classifications because they 

acknowledge the inherent difficulties in achieving them. Indeed, the problems 

associated with drawing definitive distinctions between the entities of science have 

been acknowledged by philosophers such as Ruse (1973) who argues that:

there seems to be no one absolute way of drawing a distinction between the 
entities of science

(p. 16)

Instead, he suggests that there are several ways of distinguishing between the 

entities of science including the dimensions of:

observable-non-observable; 

really existent-hypothetical; 

non-theoretical-theoretical.

2 Ogborn et al (1996) point out that a process - such as evaporation - might not, at first glance, be 
considered as an entity. They argue, however, as do Halliday and Martin (1993), that 'Scientific 
texts are well known for their high concentration of events and processes presented as if they were 
things' (p. 51). Indeed, they suggest that processes 'exist in text and in talk as entities because 
they exist in the thinking of scientists as entities. They are .... things with which to think' (ibid., 
p. 51). In essence it seems that they believe one of the characteristics of science is that it 
examines processes in detail and in doing this turns them into something like 'things' In putting 
forward this argument they justify their reasons for considering processes as entities.
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He points out, however, that whilst these dimensions:

are all in their own way informative, despite a considerable amount of overlap, 
each division has boundaries peculiar to itself, and indeed, the methods of 
division themselves are not entirely unambiguous.

(ibid., p. 16)

It seems, then, that whilst entities have been referred to loosely as material things, 

conceptual things and processes, what unites them definitively is that they are all 

knowledge objects. They are all tools that scientists use to think with. They are the 

things that scientists investigate. In this chapter it is proposed that each 'concept', 

'idea', 'thing' or 'bit' that the teachers refer to across their units-of-work and interviews 

is a 'thing to think with', a knowledge object, a tool of thought. In drawing on the work 

of Ogborn ef a/ in this thesis, the term entity has been chosen to refer to what the 

teachers variously call 'concepts', 'ideas', 'things' or 'bits'. In addition, however, the 

term biological will be added in front of the term entity to signal the focus of this study 

on the subject of biology rather than science in general.

Arising from the above discussion, it is suggested that these teachers perceive their 

successful teaching of biology at A level to be any teaching that encourages their 

students to acquire knowledge of 'biological entities'. Consequently, it can be 

inferred that knowing substantive biological content knowledge for success at A level 

means knowing various 'biological entities'. In light of this interpretation, it is 

important to consider what, to these teachers, it means to know a 'biological entity' 

for success at A level.
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Knowing 'biological entities'

The evidence suggests that for these three teachers, what it means to know a 

'biological entity' for success at A level comprises two elements: knowing various 

features of it, and knowing, where possible, any representations of it. Each element 

will be discussed and illustrated in turn.

Knowing features

In order to have knowledge of a particular 'biological entity' for success at A level, it is 

suggested that these teachers believe it is necessary to know various features of it. 

The data indicates that a feature comprises a proposition that embodies meaning 

about a particular 'biological entity' - meaning that is well substantiated and about 

which there is a consensus within the scientific community. A feature appears to be 

an expression of a particular characteristic of the 'biological entity' in question. It 

might communicate, for example, something about the 'biological entity's' structure or 

function or if the 'biological entity' is a process, it might indicate where the process 

takes place or what it involves. The work of this thesis suggests that there are a 

number of different sorts of features that contribute to the meaning of the plethora of 

'biological entities' that comprise biology. For example, some of the features that 

emerged during analysis include:

structural features which are features that embody meaning concerning the 

structure of a particular 'biological entity' - that is what it is made up of or what it 

looks like. John's reference to 'veins' having 'valves' in lesson 3 provides an 

example of such a feature. The proposition 'veins have valves' provides
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information concerning the structure of the 'biological entity' vein, i.e. it is 

composed of, amongst other things, valves.

functional features which are features that embody meaning concerning the 

function of a particular 'biological entity' - that is what role the 'biological entity' 

plays in a living organism. Sally's reference in lesson 3 to 'the action of the 

[digestive] juices' provides, at an abstract level, an example of such a feature. 

Whilst this statement itself tells us nothing about a specific 'biological entity', Sally 

uses it in the lesson to encourage her students to identify the functional features 

of various 'biological entities' i.e. digestive juices such as gastric juice. 

Establishing 'the action of the juices' would require students to identify the 

functional features of the juices, that is what role they play in the living organism 

in question. For example, do the juices contain specific enzymes to catalyse the 

break down of various substrates into products? Or is their function simply to 

provide the right pH conditions for the action of other juices? 

locational features which are features that embody meaning concerning the 

location of a particular 'biological entity', that is where a 'biological entity' is found 

or, if the 'biological entity' is a process, where it takes place. Catherine's 

reference to the Krebs Cycle taking place in 'the mitochondrial matrix' in lesson 3 

provides an example of such a feature. This proposition provides information 

concerning the location of this 'biological entity' 3 .

3 One of the outcomes of this thesis is a realisation that some useful follow up work to this project 
might involve a detailed analysis of substantive biological knowledge in order to produce a typology 
of features.
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The first example of relevant evidence to support the proposal that these teachers 

believe that in order to have knowledge of a particular 'biological entity' it is 

necessary to know various features that embody the meaning of it can be taken from 

the transcript of lesson 3 of John's unit-of-work and the post-lesson interview 

following this lesson. Part of the subject matter focus of this lesson concerns 

developing students' knowledge of three 'biological entities' - that is artery, vein and 

capillary. In the post-lesson interview following this lesson, John indicates - with 

certainty - that he feels his students have acquired knowledge of these 'biological 

entities' when he says:

I would be confident enough to say that if you stopped anyone walking out of the 
door they would know the difference between an artery and a vein and a capillary

(plint3J114-116)

Moreover, he qualifies why he believes that they have acquired knowledge of these 

'biological entities' when he goes on to say 'they'd be able to give you some points 

about them' (plint 3 J 116). It is reasonable to infer that John's use of the term 

'points' refers to the features that the students have been introduced to in this lesson 

about the 'biological entities' artery, vein and capillary.

John's use of the term 'points' during lesson 3 itself, lends further support to this 

inference. In this lesson, John develops his students' knowledge of the three 

'biological entities' artery, vein and capillary through a teacher-led discussion and 

note-taking task. At the beginning of the task he says:
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We are going to look at the structure and function of each type of vessel, arteries, 
capillaries and veins. OK. So let's start off with arteries. And if we just make 
some points. Um. Transports blood away from heart.

(L3 J 92-94)

It seems from this lesson excerpt that the task involves identifying various 'points' 

about the three 'biological entities' artery, vein and capillary. As before, it appears 

that John's use of the term 'points' refers to features of these three 'biological entities' 

because immediately after he mentions the term 'points' in this quotation he provides 

an example of a 'point' - that is Transports blood away from the heart'. This 'point' is 

a statement about an artery, it identifies the function of an artery - it is a feature of 

this 'biological entity'.

Comments from the interview following lesson 3 of Catherine's unit-of-work suggest 

that she also believes that to have knowledge of a 'biological entity' for success at A 

level means to know various features of it. Part of the subject matter focus of this 

lesson concerns developing students' knowledge of the 'biological entity' the Krebs 

Cycle. Immediately after the lesson, Catherine identifies her teaching of this 

'biological entity' as successful. It seems that she perceives this to be successful 

because she feels that during this part of the lesson she has clarified for her students 

what she refers to throughout the interview as the 'main points', 'important parts', 

'important bits' and 'important aspects' of this 'biological entity' that they need to 

acquire in order to know it for success at A level. She makes this clear when she 

says:
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I wanted, I felt I got across the main points, the important bits of biology. That's 
what they need to know for this, [referring to the Krebs Cycle], you know, for A 
level.

(plint 3 C 34-36)

In this interview, she identifies some of these 'main points' as including things like, for 

example, 'removal of carbon to form carbon dioxide' and 'removal of hydrogen'. This 

implies that these 'main points' refer to the various features of the Krebs Cycle that 

Catherine introduces her students to in this lesson.

Finally, comments from Sally in lesson 1 of her unit-of-work imply that she believes 

knowing a 'biological entity' for A level success also means knowing various features 

of it. Towards the beginning of this lesson, Sally provides an overview of what her 

students will cover during their study of the topic area of digestion. In her words:

We need to look at ... function ... like the oesophagus, the colon, the small 
intestine and the stomach ... what each of the bits do ... including the enzymes 
which are produced

(L1 S 92-98)

This quotation suggests that Sally's use of the term 'bits' refers to the various 

'biological entities' - including oesophagus, colon, small intestine and stomach - that 

her students will learn about during the topic area of digestion. Furthermore, her 

comments 'what each of the bits do', 'function', 'the enzymes which are produced' 

seem to refer to the various features of these 'biological entities' that her students will 

come to know as a result of participating in this series of lessons.

So far, it has been suggested that to know a 'biological entity' for success at A level 

means, in part, to know various features of it. But what does knowing a feature for
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success at A level mean? In light of the evidence available, it can be speculated 

that, for these teachers, knowing a feature for success at A level involves knowing it 

at a surface level and, in addition, in some cases also knowing it at a deep level4 .

Surface level knowing

It appears that to know a feature at a surface level means to be able to remember 

and recall it. Evidence to support this proposal can be found in lesson 8 of John's 

unit-of-work. At the beginning of this lesson, John introduces his students to various 

'biological entities' relating to the human body's defence mechanisms against 

disease. At the end of the lesson, he conducts a question and answer session where 

he reviews various features of these 'biological entities'. In this question and answer 

session, one student gets confused between two similar sounding 'biological entities'. 

These are lysozyme (introduced in this lesson) and lysosome (studied in an earlier 

topic area). In the process of clarifying the difference between them, John 

establishes a feature of a lysozyme and encourages his students to do the same with 

lysosome. They respond in unison by recalling a feature of a lysosome as can be 

seen in the following extract from the lesson transcript:

4 In this thesis, it is important to point out that the use of the terms 'surface' and 'deep' in relation to 
knowing 'biological entities' is not meant in any way to reflect the meaning of these terms as used in 
relation to learning in the Higher Education literature e.g. Prosser and Trigwell 1999.
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J: what's an additional feature of the body which stops invading micro­ 
organisms?

Clare: Dm, the lysosomes [A]

J: Lysosomes or lysozymes?

Euan: Lysozymes.

J: Lysozyme. Lysozyme is an enzyme, what's a lysosome?

Students in unison: It's a membrane bound organelle.

J: You're like parrots aren't you, very good like parrots! Um, it's a membrane 
bound organelle which contains the enzyme lysozyme, ok?

(VI1 J 796-810)

In this quotation, John's reference to parrots suggests that his students know the 

feature - lysosome is a membrane bound organelle - at a surface level. They can 

remember, recall and recite it. This is further corroborated by John's reflections in 

vignette interview 1. In this interview, he heard the above passage and commented 

that this part of the lesson was successful because his students 'remembered the 

right information'. It is plausible to propose that John's reference to 'information' 

refers to the feature of the 'biological entity' lysosome that they recalled.

Similarly, evidence from lesson 6 of Sally's unit-of-work also suggests that knowing a 

feature at a surface level means to be able to remember and recall it. During this 

lesson, Sally engages her students in a question and answer session. In this, they 

review various features of the 'biological entities' endopeptidase and exopeptidase. 

In the interview following, Sally identifies this question and answer session as 

successful because her students are able to recall features of these 'biological 

entities'. In the following quotation, she identifies one feature of endopeptidases
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('endopeptidases attack in the middle of a protein') that she was pleased her 

students had remembered and could recall. In her words:

they certainly remembered it today, not bad, you know, they remembered that 
endopeptidases attack in the middle [of a protein]

(plint 6 S 124-125 my emphasis)

A further example of this surface level knowing arises in vignette interview 2 of 

Catherine's unit-of-work. Here she is reflecting on a question and answer session 

that involves reviewing features of the 'biological entity' electron transport chain. She 

comments that this activity provides her with an opportunity to assess whether her 

students have remembered and therefore can recall these. In particular, she 

identifies one feature about the electron transport chain ('the electron transport chain 

involves electrons being passed between carrier molecules') that she wants to make 

sure her students have remembered. In her words:

making sure that she said ... what happens ... the taking and handing on [of 

electrons between] the carriers, so looking for detail, making sure that your 
students are, have gone and learnt it

(VI2 C 583-586 my emphasis)

The previous three examples highlight one feature that each teacher wanted his/her 

students to remember and recall about a specific 'biological entity'. They were for 

John a feature embodying meaning about the 'biological entity' lysosome - a 

lysosome is a membrane bound organelle - for Sally, a feature embodying meaning 

about the 'biological entity' endopeptidase - endopeptidases attack in the middle of a 

protein - and, for Catherine, a feature embodying meaning about the 'biological 

entity' electron transport chain - the electron transport chain involves electrons being
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passed between carrier molecules. Although these three features embody meaning 

about three very different 'biological entities' they have a characteristic in common; 

the propositions that embody the meaning of the particular feature of the 'biological 

entity' in question include reference to one or more 'biological entities' than the 

'biological entity' that the feature concerns. For example, the feature about a 

lysosome, i.e. lysosome is a membrane bound organelle, refers to membrane bound 

organelle and organelle which are both 'biological entities'. The feature about 

endopeptidases, i.e. endopeptidases attack in the middle of a protein, refers to 

protein which is a 'biological entity'. The feature about the electron transport chain, 

i.e. the electron transport chain involves electrons being passed between carrier 

molecules, refers to electrons and carrier molecules, both of which are 'biological 

entities'. In light of this, it can be tentatively suggested that knowing a feature at a 

surface level involves appreciating and remembering the relationship(s) between the 

'biological entity/ies' signified in the explication of the feature and the 'biological 

entity' that the feature is about.

Deep level knowing

There is evidence to suggest that whilst all features can be known at a surface level

- that is all features can be remembered and recalled - some can also be known at 

another level - what has been termed a deep level 5 . From the evidence available, it 

appears that knowing a feature at a deep level involves being able to explain the

5 Acknowledging that 'some' features can be known at a deep level leads one to ask which ones? 
What is it about the nature of these features that mean they can be known at both a surface and a 
deep level? In light of these questions, a further outcome of this thesis is a realisation that some 
additional follow up research to this project might involve investigating whether features that can be 
known only at a surface level share characteristics and whether features that can be known at both 
surface and deep levels share characteristics. Teasing out commonalities based on the nature of 
features might provide interesting extension work to this thesis.
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'why' and/or 'how' of a feature in its wider biological context. In this thesis, a 

biological context is taken to mean any context in which the 'biological entity' to which 

the feature is connected is found. So, for example, a biological context might be a 

biological structure such as a cell, tissue, organ, system or a biological process such 

as digestion, respiration, reproduction. Explaining the 'why' of a feature seems to 

entail being able to consider the significance of it in its wider biological context. This 

might involve examining its importance, relevance or usefulness. For example, in 

lesson 3 Sally encourages one of her students to explain the 'why' of a feature of villi 

- 'the villi are made up of many microvilli'. The student finds this difficult and so Sally 

draws upon various 'biological entities' such as surface area, absorption, diffusion, 

amino acids and glucose to help explain the relevance and significance of this 

feature of the villi.

Explaining the 'how' of a feature seems to entail being able to consider how the 

meaning encapsulated in a feature is achieved. For example, in lesson 3 John 

encourages his students to explain the 'how' of a feature of an artery - 'arteries carry 

blood at high pressure'. He encourages them to come to know how carrying blood at 

high pressure is achieved through reference to various 'biological entities' including 

collagen, elastin and pressure.

Evidence to support this interpretation of what, for these three teachers, knowing a 

feature at a deep level means can be inferred from lesson 3 of John's unit-of-work. 

The major purpose of this lesson is to encourage students to develop knowledge of 

the 'biological entities' artery, vein and capillary. When John is discussing the
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'biological entity' vein, his students recall a feature of a vein that they have already 

come across - that is 'veins have valves'. John seems pleased that they remember 

this feature (i.e. they know it at a surface level) but he also appears to want them to 

know it at a deep level as he encourages them to explore, in this case, the 'why' of 

this feature - that is its importance in the wider biological context of the mammalian 

blood circulatory system. This is clear in the following quotation where his question 

('what is the relevance of-, what is the point of veins having valves, why do veins 

have valves?') encourages one student to explore the usefulness that this feature of 

a vein plays in the overall working of the mammalian circulatory system.

J: Now there is something that veins have if you remember that arteries don't. 

Sarah: They've got valves.

J: Valves, well done. Right. So what is the relevance of-, what is the point of 
veins having valves? Why do veins have valves?

Chloe: Because veins take blood back to the heart and cause they have to go up 
and the blood is at low pressure, it isn't pumped there, and so some blood might 
go back the wrong way, so the valves keep the blood going the right way and 
stop it going backwards.

J: Exactly that. What Chloe is saying for those who couldn't hear was that veins 
have valves because the blood really needs, it's not under pressure being forced 
through, it's draining if you like, that's how I always remember veins go back to 
the heart, they drain, veins are drains and they are draining back. Now if you're 
not pumping this blood through there's a good chance that it's going to slip back 
the wrong way, so you've got valves.

(L3 J 163-172)

Further corroboration of this interpretation is provided in the post-lesson interview 

following lesson 3. In this interview John makes clear that he wants his students to 

remember the feature 'veins have valves' (i.e. surface level knowing) but, in addition, 

he wants them to go beyond 'just remembering' and, in this case, be able to explore 

the 'why' of this feature of a vein - that is consider its significance in the wider
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biological context of the mammalian circulatory system (i.e. deep level knowing). In 

his words:

Rather than just remembering parrot fashion 'veins have valves', you actually 
work back and think, 'why do they need valves?' 'Surely that blood's going fast 
enough, oh no hang on, there's nothing pushing it cause it's been through all the 
capillaries. What's happened in the capillaries to make it lose its pressure?'

(plint3J132-136)

His reference to blood, pressure and capillaries in the previous quotation appears to 

form, in part, an exploration of the importance of valves to the 'biological entity' vein. 

These 'biological entities' seem, to John, to be integral to knowing this feature at a 

deep level. John refers to the ability to explore the significance of a feature in its 

wider biological context as 'reasoning behind things'. It seems that being able to 

reason behind things involves drawing upon other 'biological entities'. In the above 

quotation, John cites various 'biological entities' including blood, capillaries and 

pressure as necessary to any consideration of the significance of the feature 'veins 

have valves' in its wider biological context.

Comments from Sally also suggest that knowing a feature at a deep level means 

being able to explain the 'why' or 'how' of a feature in its wider biological context. In 

post-lesson interview 3 and 4, Sally reveals that she believes developing her 

students' knowledge of the two 'biological entities' endopeptidase and exopeptidase 

involves 'a lot of understanding'. It seems that the meaning of this phrase is similar 

to the meaning of John's phrase 'reasoning behind things' i.e. knowing at a deep 

level - being able to go beyond remembering and recalling a feature to explain the 

'why' or 'how' of a feature. In this example, Sally's reference to 'understanding'
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seems to be referring to being able to consider the 'why' of a feature, that is to 

consider its significance in a wider biological context. The evidence for this comes 

from lesson 3 of Sally's unit-of-work. In this lesson, Sally develops her students' 

knowledge of the 'biological entities' endopeptidase and exopeptidase by talking to 

them as a whole class. Through this teacher exposition, Sally identifies various 

features she deems her students need to know about the 'biological entities' 

endopeptidase and exopeptidase for success at A level. Two of these are:

Endopeptidases are used in the first stage of protein digestion.
(L3S 128-129)

Exopeptidases are used in the second stage of protein digestion.
(L3S 132-133)

Having stated these features, Sally goes on to consider the 'why1 of these features, 

that is their significance in the wider biological context of protein digestion - why it is 

relevant that endopeptidases are used first in protein digestion and exopeptidases 

are used second. As is indicated in the excerpt from the lesson transcript below, 

Sally finds the 'biological entity' surface area useful in her exploration of the 

relevance of these features:

S: So if you do endo first, you just break it down to lots of smaller pieces, you are 
creating a greater surface area, if you think about it if you break it down into a 
smaller piece then you have got two ends haven't you? You have got more ends 
to work on. So without endopeptidases, the digestion of protein would take a 
long time because you are chopping it up into lots of smaller bits, its much 
quicker, it's more efficient.

(L3S 133-138)
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Observations of Catherine's teaching and comments in post-lesson interviews 

indicate too that, for her, knowing a feature at a deep level also means being able 

explain the 'why' and/or 'how' of the feature in its wider biological context. In lesson 

1, when reviewing and developing students' conceptions of various 'biological 

entities' related to the gross structure of the human respiratory system, Catherine 

states the following feature of a trachea - the trachea is composed of C shaped rings 

of cartilage ('what you have is rings of cartilage around it [trachea] ... those rings are 

C shaped'). Catherine goes on to encourage her students to consider the why of this 

feature, that is its significance in the wider biological context of a functioning 

organism. She asks them why the rings of cartilage are C shaped ('Why is that?'). In 

order to consider the relevance of this, the students are encouraged to draw upon the 

'biological entities' oesophagus and bolus as is evident in this lesson excerpt below:
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C: those rings are C shaped, why is that? 

Tanya: [A]

C: No, the oesophagus is behind it. Here is your trachea in the front, here is the 
oesophagus. What happens when you swallow, what are you swallowing?

Paul: Food.

C: Food, and what's the food called, that ball of food?

Paul: A bolus.

C: Is the food bolus going to be, what's it going to do as it goes down the 
collapsed tube?

Nerissa: Push it out.

C: Exactly, it's going to push it out and where's it going to have room to push 
into?

Peter: Into the C shape.

C: Into the C shape, into the trachea.
(L1 C 239-263)

In the post-lesson interview following this lesson Catherine spoke about this aspect 

of the lesson as successful because she felt her students had 'got to grips with the 

trachea, you know, the C shape rings and things. I think they really understood that 

after we'd talked about it' (plint 1 C 153-155). Her reference to 'getting to grips' and 

'understanding' seems to resonate with John's phrase 'reasoning behind things' and 

Sally's reference to 'understanding' suggesting that Catherine's phrase similarly 

refers to being able to explain the 'why' or 'how' of a feature - that is knowing it at a 

deep level.

What is common to all these examples is that explaining the 'why' and/or 'how' of 

each feature in its wider biological context involves drawing upon one or more 

'biological entities' other than the one to which the feature is connected. Indeed,
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John articulates this when, reflecting on the part of lesson 3 where he encourages his 

students to explain the 'why' of the feature - capillaries are thin - by considering the 

relevance of this feature in the context of a functioning organism. He says:

reasoning behind things ... that's one of the reasons I referred back to Pick's Law 
... and that's why the capillaries are thin because they need to get a lot of things 
diffusing through

(plintSJ 140-144)

In this quotation, John seems to be emphasising that the 'biological entities' Pick's 

Law and diffusion are necessary to knowing the feature 'capillaries are thin' at a deep 

level.

Furthermore, Sally implies that explaining the 'why' and/or 'how' of a feature in its 

wider biological context involves drawing upon one or more 'biological entities' other 

than the one to which the feature is connected when she indicates the usefulness of 

'biological entities' - what she refers to as 'concepts' and 'ideas' - in 'understanding 

... other things'. It is plausible that her reference to 'other things' refers to drawing 

upon 'biological entities' when developing biological knowledge at a deep level.

Finally, comments from Catherine suggest that she also feels that knowing at a deep 

level involves being able to draw upon 'biological entities' from different areas of 

biology. In post-lesson interview 1, reflecting on her discussion with students about 

the structure of the trachea, referred to earlier, Catherine indicates that her students 

needed to know other 'biological entities' including the oesophagus and bolus in 

order to develop deep level knowledge of the particular feature of a trachea 

discussed (i.e. the trachea is made up of C shaped rings of cartilage). In her words:
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You see in order to get to grips with that, you know, understand the whole C 
shape and everything they needed to know things about digestion, you know, 
they needed to know about the shape, the bolus and about the oesophagus, you 
know where it is, how it sort of all connects in

(plintl C 155-157)

So far it has been proposed that knowing a 'biological entity' for success at A level 

involves knowing features of that 'biological entity' at a surface level and in some 

cases also at a deep level. Furthermore, establishing and appreciating the 

relationships between 'biological entities' is an integral part of coming to know the 

features of a 'biological entity' at either level. Indeed, knowing features of 'biological 

entities' at both levels seems to involve building networks of meaning between 

'biological entities'. Consequently, 'biological entities' are represented not as discrete 

knowledge objects but instead as related to and interconnected with a huge network 

of other 'biological entities'. However, whilst the teachers perceive all 'biological 

entities' to be interrelated, the evidence suggests that they do not perceive all 

'biological entities' to have equal status. It seems that the teachers believe there to 

be a core set of 'biological entities' (referred to as 'the basics', 'the important 

principles of biology', 'concepts that go all the way through biology' and including 

'biological entities' such as enzyme, water potential and surface area) which are 

drawn upon time and again when developing knowledge of other 'biological entities'. 

Indeed, these core 'biological entities' appear integral to developing surface and 

deep level knowledge of features of many 'biological entities'. Sally indicates this 

when she talks of the significance of 'the basics' (i.e. core 'biological entities') in 

developing conceptions of other 'biological entities' (i.e. 'things') in the following 

quotation:
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you can't forget the basics ... doing that helps in understanding some of the other 
things

(V11 S 583-586)

Similarly, Catherine suggests the centrality of certain 'biological entities' (e.g. 

enzymes) to developing knowledge of many other 'biological entities' (e.g. living 

processes such as digestion, photosynthesis and homeostasis) when she says:

you remind them that yes there's an enzyme here because enzymes are involved 
in all living processes

(V11 C 664-666)

Finally, John suggests the importance of the 'biological entity' specificity to the 

comprehension of 'biological entities' from differing topic areas in biology. In vignette 

interview 1, John makes clear that his students' understanding of specificity has up to 

lesson 8 of his unit-of-work manifested itself through the lock and key metaphor in 

relation to the 'biological entity' enzyme. In his words:

lock and key, there you are a concept they've had rammed into them since Year 
9

(V11 J 182-183)

In lesson 8, however, John is able to show the concept of specificity in another 

context, that of immunology. It appears that he draws upon his students' 

understanding of specificity in relation to enzymes - that is lock and key (i.e. shapes 

fitting together) - in order to help them develop their conceptions of the 'biological 

entity' antibody. It seems that, for John, one of the features of an antibody that he 

seeks his students to develop knowledge of is that 'an antibody has a specific shape
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in order to bind to a specific antigen' (i.e. specificity). He makes this clear in the 

following quotation:

linking back to the lock and key concept ... it is so visually effective cause they 
can ... visualise in their mind shapes fitting together which they have actually 
been doing for years since they've been tiny kids, putting round things through 
round holes and they'll get, hopefully, you know, that concept [i.e. lock and key] is 
reinforcing the idea of these antibodies.

(V11 J 197-202)

Knowing representations

In addition to features, the data indicates that, for these three teachers, knowing a 

'biological entity' for success at A level involves a second element: knowing 

representations. It appears that a representation is a graphical or 3D depiction - e.g. 

a model - of one or more features concerning a particular 'biological entity'. A 

representation might depict, for example, certain characteristics of a particular 

'biological entity'. It might represent certain features concerning the structure of a 

particular 'biological entity', or, if the 'biological entity' is a process, it might depict 

certain features concerning what the process involves.

It is suggested that these teachers believe in order to have knowledge of a particular 

'biological entity' for A level success it is necessary to know certain representations 

of it. The first example of relevant evidence to support this proposal is evident in 

lesson 4 of John's unit-of-work and the interview following it. In this lesson, John 

develops his students' knowledge of the 'biological entity' capillary network through a 

drawing and discussion exercise. The students copy a diagram of a capillary 

network from an OHT as John identifies various features of this 'biological entity'. He
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identifies this part of lesson 4 as successful as he believes that to have acquired 

knowledge of the 'biological entity' capillary network the students need to be familiar 

with a representation of it. In his words:

they need to know what the capillary network looks like with loads of cells in it 
and they'll need to know the arteriole and venule so they'll need to know the 
structure of it really

(plint 4 J 301-303 my emphasis)

The data also implies that Sally considers that knowing a 'biological entity' for 

success at A level requires knowing representations of it. Introducing the topic area 

of digestion in lesson 1, Sally emphasises that throughout this unit-of-work, her 

students will examine 'the structure of the digestive system ... what the parts look 

like' (L1 S 95-96 my emphasis). Whilst knowing the structure of various 'biological 

entities' might mean knowing various features concerning their composition, Sally's 

emphasis on 'what the parts look like' indicates that the students also need to know 

representations of these 'biological entities'. This suggests that, for Sally, part of 

knowing a 'biological entity' means knowing representations of that 'biological entity'. 

A comment made by Sally in post-lesson interview 1 provides further support for this 

claim. In this interview, Sally indicates that part of learning 'new concepts' requires 

being able to 'visualise them' (any new concepts ... they've got to sort of... visualise 

them plint 1 S 95-99).

Finally, comments from Catherine in post-lesson interview 3 also suggest that she 

feels that knowing a 'biological entity' for success at A level requires knowing 

representations of it. In lesson 3 she introduces her students to the 'biological entity' 

the Krebs Cycle. They copy down a simplified diagram of the Krebs Cycle that she



240

produces on an OHT and are also given a handout with a diagram of the Krebs Cycle 

on it. She is very keen, as the following quotation suggests, for her students to come 

to know the basic representation of the Krebs Cycle that the scientific community 

offers. In her words:

Now, I want them to learn this diagram, but I also-, I gave them a handout of 
Krebs from another book, I want them to see that it might have different names in 
it and things but what it looks like is really the same. They need to know, you 
know, what it looks like. They need to recognise it.

(plint 3 C 254-259)

From the evidence and interpretation presented so far, it appears that to 'know' 

substantive biological knowledge for success at A level means to know various 

'biological entities'. Furthermore, to know a 'biological entity' for success at A level 

comprises knowing various features of it and, where appropriate, knowing one or 

more representations of it. All features need to be known at a surface level - that is 

they need to be remembered so that, when appropriate, they can be recalled. 

However, certain features can also be known at a deep level. Knowing at a deep 

level involves being able to explain the 'how' or 'why' of a feature in its wider 

biological context. Knowing features at both levels involves being able to appreciate 

the relationship between the 'biological entity' the feature is connected with and one 

or more other 'biological entities'. Indeed, this interpretation suggests a characteristic 

of 'biological entities' - that is they are inter-related. It is not possible to know about 

one 'biological entity' without knowing about many others too. Finally, the 

interpretation presented suggests that the teachers wanted their students to 

appreciate the different status of 'biological entities' - that is that some 'biological 

entities' would be met over and over again when developing knowledge and
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understanding of new 'biological entities' throughout the biology course. Such 

'biological entities' have high status and are central to developing meaning in many 

different contexts.

To summarise, this analysis has suggested that these three teachers sought their 

students to conceptualise substantive biological knowledge as a network of related 

'biological entities' (of differing status) where a 'biological entity' is conceptualised as 

comprising a constellation of features and, where appropriate, one or more 

representations. The next section will consider how these teachers encouraged their 

students to develop and retain such conceptions.
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Encouraging students to conceptualise substantive biological 
knowledge in particular patterned ways

The last section outlined the particular conceptions of substantive biological 

knowledge these three teachers sought their students to develop across their units- 

of-work. The focal point of these conceptions is the concept of 'biological entity'. 

Consequently, the focus of the teachers' attempts to develop such conceptions of 

substantive biological knowledge concerned encouraging students to develop and 

retain knowledge of 'biological entities'.

All three teachers employed subject matter tasks6 to encourage their students to 

develop and retain knowledge of 'biological entities'. Across their units-of-work the 

teachers used a variety of subject matter tasks to introduce their students to various 

'biological entities'. In lesson 2 of her unit-of-work, for example, Catherine engaged 

her students in a teacher lecture and student note-taking task to develop their 

knowledge of the 'biological entity': glycolysis. In lesson 4 of his unit-of-work, John 

engaged his students in a drawing exercise to develop their knowledge of the 

'biological entity': capillary network. In lessons 3 and 4 of her unit-of-work, Sally 

engaged her students in a research and written presentation task to develop their 

knowledge of various 'biological entities' related to the topic of digestion.

6 In the context of this thesis a subject matter task is defined as a combination of: the 'biological 
entities' of which knowledge is to be developed; and the medium through which knowledge of these 
'biological entities' is developed. An example of a subject matter task is the group research and 
oral presentation (medium) that John set his students in lesson 6 of his unit-of-work in order to 
encourage them to develop knowledge of various 'biological entities' related to circulation, including 
the oxygen dissociation curve and haemoglobin.
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However, all the subject matter tasks employed during the three teachers' units-of- 

work shared one characteristic - they were carefully structured by the teachers so 

that during each task one or more of the following events were enacted:

• features were identified;

• representations were identified;

• opportunity was given to explore the 'why' or 'how' of a feature in its wider 

biological context.

It seems that by structuring the tasks such that one or more of the events outlined 

above were enacted, the teachers encouraged their students to come to know 

'biological entities' in the particular sort of way they deemed appropriate to ensure A 

level success - that is as:

a constellation of features;

related to a wider network of 'biological entities';

one or more representations, where relevant.

The sorts of subject matter tasks the teachers employed, therefore, might best be 

described as 'teacher centred' since even when the students seemed, on the 

surface, to be given some freedom (e.g. the research and written presentation task 

Sally set in lesson 3 of her unit-of-work) the teachers carefully controlled the ways in 

which their students explored the substantive biological content such that they 

encouraged them to come to know it in specific ways. What follows is a description
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of a task from each teacher's unit-of-work and a discussion of how it was structured 

so that their students came to know specific 'biological entities' in the particular sort 

of way outlined above.

In lessons 3 and 4, Sally wants to develop her students' knowledge of various 

'biological entities' related to the topic of digestion7 . She selects a research and 

written presentation subject matter task as the medium through which this knowledge 

will be developed. This involves allocating each student one or more 'biological 

entities' to investigate. The purpose of this investigation is to produce an 'information 

poster' which will be displayed in the classroom and drawn upon in future activities.

Sally structures this subject matter task so that she can encourage her students to 

come to know these various 'biological entities' as a constellation of features, as 

related to a wider network of 'biological entities' and also, in some cases, as specific 

representations. She does this by giving strict instructions at the start of the exercise 

as to the format of the 'information poster'. In her words the 'information poster' has 

to include 'bullet point things and diagrams where necessary' (L3 S 7). It is plausible 

to suggest that Sally's reference to 'bullet point things' refers to the fact that she 

wants her students to identify and develop knowledge of various features of the 

specific 'biological entities'. Furthermore, it is likely that her reference to 'diagrams 

where necessary' refers to the fact that, where appropriate, she wants her students 

to identify and come to know specific representations of these 'biological entities'. 

Moreover, implicit in the process of developing knowledge of various features of

7 These include mouth, oesophagus, mucosa, sub mucosa, muscularis externa, serosa, stomach, 
gall bladder, bile, pancreas, villi, intestinal wall, colon and caecum.
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'biological entities' is the building of networks between the 'biological entity' to which 

the feature is connected and other 'biological entities'. The reason for this was 

explained earlier - knowing a feature of a 'biological entity' at a surface or deep level 

involves being able to appreciate the relationships between the 'biological entity' the 

feature is connected with and one or more other 'biological entities'.

To summarise, it seems that by limiting the format of the 'information poster', Sally 

encourages her students to develop a certain sort of knowledge of the 'biological 

entities' that are the focus of the task. But how do her students know which features 

and which representations to select for their information poster? The variety of 

textbooks available present them with a considerable amount of detail. How are they 

to make decisions about what information to include and what information to leave 

out?

Sally clearly had no intention of abandoning her students to make such decisions 

themselves. Instead, she encourages them to select what she believes to be the 

appropriate features and representations to know of the 'biological entities' in two 

ways. First, she provides the students with a verbal framework at the start of the 

lesson. This signposts the areas the students should focus on when selecting 

features to include in their information poster (see Box A overleaf for an outline of this 

verbal framework).
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Box A

Sally verbally proposes the following framework for her students in the research and 
written presentation exercise in lesson 3. It suggests the areas the students should 
focus on when identifying features about the particular 'biological entities' they are 
investigating. These areas include:

• Structural characteristics connected with mammalian digestive structures
('What the basic layers of each of the parts are like. Why they are different' - L3 S 
2-3, 'structure if it's a structural thing' - L3 S 41)

• Functional characteristics connected with mammalian digestive structures 
('what each of the parts of the digestive system does' - L3 S 2)

• Structural characteristics of digestive secretions connected with mammalian 
digestive structures
('What the digestive juices produced are'- L3 S 3, 
'Juices and any contents of juices.' - L3 S 42)

• Functional characteristics of digestive secretions connected with mammalian 
digestive structures 
('the action of the juices' - L3 S 44)

• Stimulus of digestive secretions
('Whether the juices are produced by nerves or by hormones or both.' - L3 S 3-4, 
'whether they are stimulated, whether it's nervous, whether it's hormonal or 
whether it's a mixture.' - L3 S 44-45)

• Site of production of digestive secretions
('What the juices are produced by, which particular bits' - L3 S 43)

This framework indicates, for example, that if a student is researching a digestive 

structure such as the stomach s/he should investigate:

• what it is made of;

• what role it plays in the body;

• whether it produces any digestive juices and if so: 

o what the components of these juices are; 

o what role they play in digestion; 

o what stimulates their production.
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Second, Sally personally identifies particular features for individuals to include in their 

respective information posters. For example, she gives quite specific information to 

one of her students when allocating her the 'biological entity' mouth. In her words:

S: Right, Eleanor, you do the mouth ... obviously we talk about amylase, saliva 
with amylase in it. Mechanical digestion. Right, that's your task.

(L3 S 40-43)

In this quotation, Sally establishes the function of the mouth as 'Mechanical 

digestion'. Furthermore, she identifies the important secretion connected with the 

mouth, that is saliva, and also one of its key components, amylase.

Similarly, when talking individually to the student researching the colon, Sally 

identifies one of the features she feels this student ought to know about it, namely it's 

function. In this quotation from the lesson transcript, Sally directly establishes the 

particular function of this 'biological entity' as, in her words, 'reabsorption of water'.

you want to talk about the colon ... the colon being involved in reabsorption of 
water

(L3 S 73-74)

In both of these examples, through identifying a specific feature of the 'biological 

entities' mouth and colon, Sally is also highlighting relationships between these 

'biological entities' and a number of other 'biological entities'. For example, the 

'biological entity' mouth is identified as related to the 'biological entities' saliva and 

amylase and the 'biological entity' colon is identified as related to the 'biological 

entity' water. Sally is beginning the process of building a network of relationships 

between each 'biological entity' and other related 'biological entities'.
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To summarise, it is suggested that Sally's explicit instructions at the beginning of the 

subject matter task encourage her students to develop a certain sort of knowledge of 

the 'biological entities' that are the focus of the task, i.e. knowledge of features of 

them, knowledge of other 'biological entities' to which they are related and, in some 

cases, knowledge of representations of them. Furthermore, Sally's verbal framework 

and her self identification, in individual conversations with students, of particular 

features and representations associated with specific 'biological entities' encourages 

her students' selection of what she believes to be the essential facets of knowledge 

they must learn about these 'biological entities' for success at A level.

Similar to Sally, Catherine also carefully structures her subject matter tasks to 

encourage her students to come to know 'biological entities' in a particular sort of 

way. In lesson 3 of her unit-of-work, Catherine introduces her students to the 

'biological entity' the Krebs Cycle. She chooses a teacher lecture and student note- 

taking subject matter task as the medium through which knowledge about this 

'biological entity' will be developed. Catherine structures this task in a number of 

ways to encourage her students to come to know the Krebs Cycle as a constellation 

of features, as related to a wider network of 'biological entities', and as a specific 

representation. The different ways in which she structures the subject matter task 

are outlined below.

First, Catherine identifies features of the Krebs Cycle herself as can be seen from the 

following excerpt from lesson 3:
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C: And the next stage in the process, step three, also takes place in the 
mitochondrial matrix and is aerobic. If you remember we haven't used any 
oxygen and it's called Krebs Cycle. ... Now it is a cycle so things are going to go 
round and round and round

(L3C 229-241)

In this quotation she identifies for her students the following features of the Krebs 

Cycle:

that it takes place in the mitochondrial matrix; 

that it is a cycle; 

that it is aerobic.

The students note these features down. In this example, as in all examples given 

below, not only are features of the 'biological entity' the Krebs Cycle identified but 

also through this identification relationships between the 'biological entity' the Krebs 

Cycle and other 'biological entities' are established. For example, in the above 

quotation, the Krebs Cycle is identified as related to the mitochondrial matrix. In this 

way the identification of features is coupled with encouraging students to appreciate 

that the 'biological entity' in question is related to a wider network of 'biological 

entities'.

Second, Catherine introduces her students to a representation she has produced of 

the Krebs Cycle on an OHT (see figure 6.1 overleaf for a reproduction of this 

representation). This representation is a very simplified version of an exceedingly 

complicated cyclical process. The students copy the representation into their notes.
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Catherine uses this representation to identify further features of the Krebs Cycle. For 

example, in the following quotation from the transcript of lesson 3 Catherine identifies 

the feature - the Krebs Cycle involves the removal of hydrogen at different points. In 

her words:

C: Hydrogen is being lost there, there and there [Catherine is pointing to the parts 
of the diagram where the following is written - NAD+ ——^ NADH + H+] and is 
being picked up by the hydrogen acceptor ... It picks up two H's and goes off 
again. ... the basic principle of all this ... is the loss of hydrogen at different 
points.

(L3 C 252-283)

Figure 6.1 A reproduction of the representation of the Krebs Cycle that Catherine 
uses in lesson 3 of her unit-of-work

NADH + H +

NAD +

Acetyl Coenzyme 2C

NAD+

NADH + H +

NAD +

NADH + H+

loss of C + O2 -> CO2
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Third, using this representation, Catherine identifies additional features of the Krebs 

Cycle. She annotates the diagram to illustrate these new features (see figure 6.2 for 

a reproduction of this annotated diagram) and the students note down these 

annotations. This involves identifying various features concerning the production of 

intermediate compounds during the Krebs Cycle. At this point, a handout of the 

Krebs Cycle is also given to the students to assist with this identification process (see 

figure 6.3 for the handout).

Figure 6.2 A reproduction of the annotated representation of the Krebs Cycle that 
Catherine uses in lesson 3 of her unit-of-work

NADH + H +

NAD+

Acetyl Coenzyme 2C

NADH + H +

NAD+

NADH + H +

loss of C + O2 -> CO2
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Figure 6.3 A reproduction of the handout Catherine gives her students to 
accompany them in this task

The release of energy

Figure /4.5 The metabolic pathway in which 
sugar is broken down in respiration. The 
process starts with phosphorylation of 
6-carbon sugar (glucose). In the diagram this is 
shown happening in one step but in fact it 
involves several steps. In the first a phosphate 
group is added to the glucose molecule, 
resulting in the formation of glucose 6- 

phosphate. so-called because the phosphate 
group is attached to the glucose molecule at 
position 6 (see page 126). A second 
phosphate group is then attached to the sugar 
which is subsequently split into two molecules 
of 3-carbon sugar. These are in equilibrium 
with each other and normally both are 
converted into pyruvic acid and fed into the 
Krebs cycle.

The overall function of the pathway is to 
produce ATP molecules. Energy is transferred 
to ATP mainly as a result of the removal of 
pairs of hydrogen atoms from intermediate 
compounds in the pathway. The diagram 
shows the stages at which hydrogen atoms are 
removed, together with the numbers of ATP 
molecules synthesised. The ATP molecules 
circled are produced via the hydrogen earner 
system which is explained on page 234. 
Usually three ATP molecules are synthesised 
every time two hydrogen atoms pass through 
the carrier system. However, in the 
conversion of succinate to fumarate only two 
ATPs are produced because in this case the 
initial carrier (NAD) is absent.

One of the most important intermediates in 
the pathway is acetyl CoA because it links 
glycolysis with the Krebs cycle. Coenzyme A is 
a complex molecule derived from the vitamin 
pantothenic acid (see page 149). Its function is 
to transfer an acetyl group (CH^CO) from 
pyruvate to oxaloacetate. In this way two 
carbon atoms are added to the oxaloacetate 
with the formation of citrate.

The process outlined here is called 
oxidative phosphorylation. It is oxidative 
in the sense that hydrogen atoms are 
removed from certain compounds and 
combined with oxygen. It is phosphorylation 
in that phosphate groups are added to ADP 
to give ATP. The process also involves 
decarboxylation, the removal of carboxyl 
groups with the formation of carbon dioxide.

Glycolysis
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Fourth, using the representation reproduced in figure 6.1, Catherine asks her 

students specific questions in order to assist them with identifying certain features of 

the Krebs Cycle themselves. For example, she asks them the following question:

C: Now all I've shown on there is something is happening. What is happening?
Amanda: The carbon is being taken away.
C: So the carbon is being lost between steps one and two there.

(L3C 246-251)

In this case, one student interprets the representation and identifies the very feature 

of the Krebs Cycle that Catherine seems to want to elicit from them.

To summarise, Catherine uses a variety of techniques to structure this subject matter 

task to encourage her students to come to know the Krebs Cycle in a particular sort 

of way. The production of her own simplified representation of the Krebs Cycle 

seems to play a key role in the structuring process. She uses this diagram to:

• identify features of the Krebs Cycle herself;

• represent the Krebs Cycle in an uncomplicated way;

• encourage students to identify features of the Krebs Cycle themselves.

It seems that Catherine has a clear idea of the basic features of the Krebs Cycle she 

wants her students to know. She thoughtfully constructs a simple diagram to assist 

in the identification of many of these features. In conjunction with this diagram, she 

carefully selects a diagram from a textbook which she photocopies for her students 

and uses to identify further features. Thus, by structuring the task in this way 

Catherine encourages her students to construct the meaning of the 'biological entity'
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the Krebs Cycle as a constellation of various features, as related to a wider network 

of 'biological entities' and as a particular representation.

Finally, there is evidence to suggest that John also carefully structures his subject 

matter tasks to encourage his students to come to know 'biological entities' in a 

particular sort of way. In lesson 3, John wants his students to acquire knowledge of 

various 'biological entities' including capillary, capillary network, sphincter muscle, 

pavement endothelium and shunt vessel. He employs a comprehension subject 

matter task to encourage his students' development of this knowledge. In this task, 

the students read a passage from the textbook and answer three questions written by 

John on an OHT. Throughout this task, John circulates around the classroom 

speaking to students individually (see Box B overleaf for a reproduction of this text 

and questions).

John structures this subject matter task in two ways to stimulate his students' 

acquisition of knowledge of these 'biological entities' as a constellation of features, as 

particular representations, and as related to a wider network of 'biological entities'. 

First, he carefully selects the text that will form the basis of the comprehension. This 

text contains reference to the relevant features of each 'biological entity' he wants his 

students to know as well as an exploration of the 'how' and 'why' of some of the 

features in their wider biological context.



255 

BoxB 

A reproduction of the text and comprehension questions

The capillaries

As a transport system, the job of the circulation is to take up materials in one part of 
the body and deliver them to another. There must therefore be an intimate 
relationship between the circulatory system and the tissues. This is achieved by the 
capillaries.

Figure 19.208 shows a small part of a capillary network. In contrast to arteries and 
veins, the capillaries are narrow (an average of 10 urn in diameter) and thin walled. 
The wall consists of a single layer of very thin pavement epithelium which allows 
rapid diffusion of dissolved substances into or out of the capillary. The cells are 
bathed in tissue fluid derived from the blood plasma which provides a medium 
through which diffusion can take place. The close proximity between the capillaries 
and the tissue cells, and the thinness of the barrier between them, facilitates this 
exchange of materials.

The flow of the blood through the capillaries can be regulated. Rings of muscle 
surround the ends of the arterioles at the points where they break up into capillaries. 
Under the influence of nerves, hormones or local conditions, these sphincter 
muscles contract or relax, thereby decreasing or increasing the flow of blood through 
them.

In some parts of the body larger vessels form a direct connection between arteries 
and veins, thereby bypassing the capillaries. By constricting or dilating, these shunt 
vessels can regulate the amount of blood which flows through a particular set of 
capillaries at any given time. This occurs in parts of the body where the blood flow 
needs to be adjusted according to the external temperature (see page 400).

The capillaries are like a vast irrigation system, different parts of which can be 
opened or closed according to local needs and conditions. This coupled with the fact 
that the heart can vary its rate of beating, makes the mammalian circulation a highly 
adaptable transport.

Questions written by John on the OHT

What is the relevance of pavement endothelium to a capillary? 
What is the relevance of sphincter muscles to a capillary network? 
What is the relevance of shunt vessels to a capillary network?

This figure is reproduced in Appendix H (see p.414).



256

Second, he carefully words the three questions. On the face of it, constructing 

answers to these three questions appear to encourage students to develop 

knowledge of various features of a capillary and a capillary network at a deep level 

(i.e. being able to consider the 'why' of various features of a capillary and a capillary 

network in the wider context of the mammalian circulatory system.). However, a 

prerequisite to exploring the significance of these features would be to know, at a 

surface level, various features of the 'biological entities' pavement endothelium, 

shunt vessel and sphincter muscle. Indeed, it appears that implicit in being able to 

answer these questions is the first step of identifying particular features of the 

'biological entities' pavement endothelium, shunt vessel and sphincter muscle. This is 

apparent when John introduces the task to his students. In the following quotation, he 

highlights the two aspects to the task, that is first identifying features of pavement 

endothelium, sphincter muscles and shunt vessel and then moving on to consider the 

significance of these three features to a capillary and a capillary network. In his 

words:

J: I'd like you to do a bit of reading ... read the paragraph called the capillaries, 
the three new terms, newish terms, pavement endothelium, sphincter muscles, 
shunt vessels ... I want you to find out some stuff about the three terms and then 
think about their relevance to capillaries and capillary networks by answering 
these three questions, ok?

(L3J 317-327)

Being able to answer the three questions requires first identifying various features of 

pavement endothelium, shunt vessel and sphincter muscle and then being able to 

consider the significance of each of these structures to their respective 'biological 

entities' (i.e. pavement endothelium to a capillary and shunt vessel and sphincter 

muscle to a capillary network). Implicit in engaging in both of these processes is
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appreciating and recognising the relationships that exist between different 'biological 

entities'. Answering these questions, therefore, encourages John's students not only 

to come to know various 'biological entities' as a constellation of features but also as 

related to a wider network of 'biological entities'.

So far it has been argued that these teachers carefully structure their teaching so 

their students develop and retain biological knowledge in a particular sort of way. 

However, it appears that the teachers also used an additional strategy to encourage 

their students to retain biological knowledge for retrieval when necessary (i.e. 

examinations). This strategy comprises the frequent rehearsal ('recap', 'recall', 

'going ... over things', 'revisiting') of knowledge.

Catherine indicates this when she says in the following quotation:

Recap and recall... that's helping just the learning
(V11 539-541 C)

Similarly, Sally reiterates this point when in post-lesson interview 6 she comments 

that:

the more you tell them ... the more likely it is to sink in
(plint6120-122S)

Sally's use of the metaphor 'sink in' implies that the more times her students come 

into contact with knowledge about 'biological entities' the more likely they are to 

remember this knowledge.
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Finally, John indicates, in vignette interview 1, that the frequent review of 'biological 

entities' leads to retaining knowledge about them. In this interview, he expresses 

delight that, in lesson 9 when learning about the 'biological entity' monoclonal 

antibody, his students remember knowledge about the 'biological entity' enzyme that 

he refers to as having been 'rammed into them since Year 9'. The use of the 

metaphor 'rammed' suggests that they have come across knowledge relating to this 

'biological entity' on many occasions and, as a result, have retained it.

These quotations suggest that the teachers held certain beliefs about the nature of 

learning assuming that frequent contact with the same information eventually leads to 

its internalisation and easy retrieval. Furthermore, given that developing knowledge 

of 'biological entities' is so dependent on drawing upon knowledge of other 'biological 

entities' this frequent revision process is likely to ensure that knowledge and 

understanding about certain sorts of 'biological entities' (in particular those deemed 

to be central to the subject or key to a particular topic area) is constantly kept at the 

forefront of students' minds so it can be used when necessary.

The teachers employed a variety of strategies to rehearse the biological knowledge 

they introduced to their students. The most common strategies were question and 

answer sessions at the beginning or end of lessons reviewing features of 'biological 

entities' and, on occasion, also reviewing representations of 'biological entities'.

In this section, it has been argued that these three teachers carefully structure their 

subject matter tasks to encourage their students to come to know substantive
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biological knowledge as a network of related 'biological entities' where a 'biological 

entity 1 is conceptualised as a constellation of features and, where appropriate, also 

one or more specific representations. Indeed, it has been suggested that the 

pedagogical strategies they use in their teaching encourage the development and 

retention of this desired conception of substantive biological knowledge in their 

students.
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How do the teachers decide what substantive biological 
knowledge needs to be known and in what ways it needs to be 
known for success at A level?
In light of the fact that these teachers believe that to learn substantive biological 

knowledge for success at A level their students need to conceptualise this knowledge 

in particular sorts of ways, it is plausible to suggest that they have to make a series of 

decisions concerning:

what 'biological entities' are important to study within a specific topic area;

what features of these chosen 'biological entities' need to be known and at what

depth they need to be known;

what representations of these chosen 'biological entities' need to be known.

Indeed, the evidence indicates that these three teachers do make decisions 

concerning which 'biological entities' they believe important to study within specific 

topic areas for student success at A level. Catherine, for example, clearly regards 

respiratory quotient to be an important 'biological entity' to study as part of the 

respiration topic she teaches during this research when, in post-lesson interview 4, 

she states that:

they simply have to do respiratory quotients
(plint4C31-2)

In addition, John implies that he considers the 'biological entities' oxygen dissociation 

curve and Bohr effect to be important to study as part of the blood and circulation 

topic he teaches during this research. This is clearly indicated when he states that
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his aim for lesson 6 was to develop his students' knowledge of these two 'biological 

entities'. In his words:

my plan was the dissociation curve ... and the Bohr effect
(plint6J18)

Finally, Sally indicates that she deems the 'biological entities' endopeptidase and 

exopeptidase important to study as part of the digestion topic she teaches during this 

research when she says:

this [referring to endopeptidase and exopeptidase] is something that they need to 
know

(plint6S118-119)

Furthermore, there is evidence to support the proposal that these teachers make 

decisions regarding which features and representations they consider need to be 

known about specific 'biological entities' for A level success. In lesson 3 of John's 

unit-of-work, for example, he engages his students in an exercise that involves them 

copying a diagram of a cross-section of an artery, vein and capillary from their 

textbook. John indicates to his students what knowledge he seeks them to acquire 

about capillaries from this exercise. In his words:

All you need to show is that it's very thin ... the capillaries are very thin, single 
celled vessels.

(L3 J 274-275)

This remark suggests that the students need to acquire knowledge of two features of 

the structure of a capillary - 'a capillary is made of a single layer of cells' and 'the 

walls of a capillary are very thin'. Furthermore, John's comment, 'All you need to
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short (my emphasis), implies that the students need to become familiar with the 

textbook's representation of these two features. John's statement, 'All you need to 

show' (my emphasis), suggests also that there are more features concerning 

capillaries, and possibly further representations of those features, that the students 

could learn about. Indeed, there are. They could learn, for example, that the cells 

that constitute a capillary are not attached tightly to each other but rather are 

separated by narrow spaces filled with tissue fluid. They could then familiarise 

themselves with a more appropriate representation of a capillary in light of this 

knowledge. For the students' purposes - that is success at A level - however, it 

seems that John perceives the two features and the representation of these features, 

in the form of the cross-section illustrated in the textbook, as sufficient.

Similarly, comments from Catherine indicate that there are certain features she wants 

her students to know about the 'biological entity' the Krebs Cycle. In lesson 3, 

Catherine develops her students' knowledge of this 'biological entity'. It is clear from 

the interview that follows this lesson that there were a number of features that 

Catherine wanted her students to learn about this 'biological entity'. Catherine 

summarises some of them in the following quotation:

good biology teaching ... was showing them ... getting the important parts of the 
Krebs Cycle ... reducing the carbon, showing that oxygen for the first time was 
coming in cause we said it was an aerobic process ... and then ... these 
hydrogens

(plint 3 C 44-49)

Moreover, the data suggests that Catherine recognises her students could learn 

more about the Krebs Cycle than the features she establishes in this lesson. This is
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implied by her use of the word 'detail' in the following quotation from post-lesson 

interview 3:

here was a good opportunity, a great opportunity to colour it with detail
(plint3C122-123)

She decides, however, that the features she establishes in the lesson - implied by 

her use of the phrase 'the important bits of biology' in the following quotation - are 

enough for her students to know for success at A level. In her words:

the important bits of biology. That's what they need for this, you know, for A 
level.

(plint 3 C 35-36)

Comments from Sally's interviews also suggest that she makes decisions about what 

sorts of features and representations she wants her students to know about the 

various 'biological entities' that form the basis of her subject matter teaching. For 

example, in post-lesson interview 3 she identifies an aspect of her successful 

teaching as talking individually to each of her students about their research of various 

'biological entities' involved in digestion. It seems that these conversations involve 

Sally identifying the specific features (referred to in the following quotation as 'points') 

of the 'biological entities' they have been assigned that she considers they need to 

know for success at A level. In her words:

I thought it's good to be able to talk to each person about what they have to-, 
what information they have to include ... I went round and talked to them I was 
able to highlight the important points.

(plint 3 and 4 S 17-24)
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Finally, there is evidence to tentatively suggest that these teachers also make 

decisions concerning the level at which they deem their students need to know 

various features for success at A level. This can be seen in lessons 3 and 8 of 

John's unit-of-work. Evidence from lesson 8 and the interview following it implies that 

John wants his students to know a particular feature of a lysosome - that is 

'lysosome is a membrane bound organelle' - at a surface level. In the lesson, when 

in unison his students recall this feature he says 'You're like parrots aren't you, very 

good like parrots'. His reference to parrots seems to imply that they have committed 

this feature to memory. They can remember and recall this exact feature when 

necessary. They know this feature at a surface level.

In contrast, in lesson 3, it is apparent that John wants his students to know a feature 

of a vein - that is 'veins have valves' - at a deep level. In the interview following this 

lesson, he makes this clear when he says:

Rather than just remembering parrot fashion 'veins have valves', you actually 
work back and think, 'why do they need valves?' 'Surely that blood's going fast 
enough, oh no hang on, there's nothing pushing it cause it's been through all the 
capillaries. What's happened in the capillaries to make it lose its pressure?' So as 
they go on they're ... reasoning behind things

(plintSJ 132-141)

In this quotation, John stresses that he wants his students to go beyond 

remembering the feature veins have valves. Instead, it seems he has decided he 

wants his students to know this feature at a deeper level - i.e. consider its 

significance in a wider biological context - as implied by his reference to 'reasoning 

behind things'.
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In light of these observations, it might be inferred that, for these teachers, part of their 

expertise lies in being able to select which 'biological entities' they consider their 

students need to know, within a given topic area, for success at A level. In addition, 

a further part of their expertise might comprise an awareness of the ways in which 

they believe their students need to know these 'biological entities' for examination 

achievement. This seems to involve identifying which features and representations 

of a specific 'biological entity' are important to know and deciding at what level - 

surface and/or deep - these features need to be known.

But, how do these teachers select which 'biological entities' - out of the many within 

the discipline - they consider their students must know for success at A level when 

studying specific topic areas? Furthermore, how do these teachers select which 

features about and representations of them they deem necessary for their students to 

know? Moreover, how do they select at which level these features need to be 

known? In short, what decision-making processes underpin the content selections 

they make?

An additional outcome of this thesis is a recognition that some further follow up 

research to this project might involve exploring the decision making processes that 

the teachers employ when selecting 'biological entities' to be studied for success at A 

level and deciding in what way they need to be known. The evidence available, 

however, does make it possible to conjecture the likely factors that inform such 

decision making.
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Comments from the teachers indicate that two factors inform their decision-making in 

this area: knowledge of the syllabus; and experience of past examination questions. 

It seems that syllabuses themselves can suggest directly which 'biological entities', 

within a specific topic area, need to be studied. This is indicated in vignette interview 

1 when John says that the 'biological entity' monoclonal antibody is directly stated in 

his syllabus. In his words:

It came up in the syllabus, sorry, it's in the syllabus, and they do specify it ... 
Monoclonal antibodies

(V11 J 327-328)

Experience of past examination papers also seems to inform the teachers' decision- 

making regarding what 'biological entities' to include in their teaching of various 

topics. John, for example, suggests that the 'biological entity' oxygen dissociation 

curve is important to study as students are frequently assessed on this part of the 

course in their examinations. In his words: 'questions are guaranteed to come up' 

(plint 6 J 73).

Similarly, Sally also outlines exopeptidases and endopeptidases as two 'biological 

entities' her students 'need to know' for success at A level. Her experience both as a 

classroom teacher and examiner has led her to conclude that questions concerning 

these two 'biological entities' are often found on examination papers and that 

students are rarely able to distinguish between them. In her words:
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I was plugging it a lot [that is the difference between endopeptidases and 
exopeptidases] because having I suppose read the exam papers where people 
hadn't a clue about the differences between them and this is something that they 
need to know

(plint6S116-119)

Experience of past examination questions also seems to inform the teachers' 

perceptions of the ways in which they deem their students need to know a particular 

'biological entity' for success at A level. Catherine illustrates this. When deciding 

which features her students need to know about the 'biological entity' the Krebs 

Cycle, Catherine's experience of past examination questions suggests they need to 

know various features concerning the intermediate compounds formed in the Krebs 

Cycle. In her words:

in terms of the names of the substances they do need to know some names, they 
do, you'll see it in the ... questions that they get in a biology exam

(plint3218-223C)

Consequently, she includes various features concerning intermediate compounds 

when constructing the meaning of the Krebs Cycle in lesson 3 of her unit-of-work.

In addition to the two factors already discussed, it is possible to speculate that there 

might be a further tool that Sally uses to help her select the features and 

representations she considers her students need to learn in order to know a specific 

'biological entity' for success at A level. This tool seems to be a guiding framework 

that assists Sally in her selection process. Whilst there is no direct evidence from 

Sally's interviews that she uses this tool, she was observed using it with her students 

in lessons 3 and 4. In these lessons, as was described earlier on in this chapter,
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Sally engages her students in a research and written presentation task. The 

students are allocated certain 'biological entities' relating to the topic area of 

digestion and they have to investigate these and produce an information poster about 

them. To assist her students in their selection of features about, and representations 

of, the specific 'biological entities' they are investigating, Sally provides them with a 

verbal framework at the beginning of the lesson (this is outlined in Box A on p. 246). 

This framework provides the students with a general guide as to what to include in 

their written presentations. It suggests, for example, that if they are investigating a 

digestive organ, they should include some information about what the digestive organ 

is made of, and what role the digestive organ plays in the mammalian body. In short, 

the framework suggests that, with respect to digestive organs, the students must 

include features (and possibly representations) about the organ's structure and 

function. In lesson 3 then, Sally used this guiding framework to help her students 

select the features and representations she considered they needed to learn in order 

to know specific 'biological entities' related to the topic of digestion for A level 

success. It is possible that guiding frameworks similar to the one exemplified here 

might help Sally when she is selecting which 'biological entities' need to be known 

and in what ways they need to be known in topic areas across the entire A level 

biology curriculum.

Finally, although there is no direct evidence from the observations of the teachers or 

the interviews with them, it is possible to conjecture several further factors that might 

influence their decision making in this area. It is probable that examiner reports on 

past A level examinations, the textbooks the teachers use to prepare and set work for
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their students and discussions with colleagues might also have an impact on their 

decision making regarding which 'biological entities' they consider their students 

should study within a specific topic area and the depth to which they should be 

studied to ensure A level success.

To summarise, so far this chapter has argued that these teachers sought to 

encourage their students to conceptualise substantive biological knowledge in 

particular sorts of patterned ways. This involved viewing substantive biological 

knowledge as a network of related 'biological entities' - of differing status - where a 

'biological entity' is conceptualised as comprising a constellation of features - to be 

known at a surface and/or deep level - and, where appropriate, one or more 

representations. Furthermore, it has been suggested that these teachers considered 

that viewing substantive biological subject matter knowledge in these patterned ways 

would help their students to develop and retain the vast amount of knowledge they 

would need to retrieve in order to be successful in their A level examinations. 

Moreover, it has been proposed that the teacher-centred pedagogical strategies the 

teachers used in the classroom served to develop and reinforce these 

conceptualisations of substantive biological knowledge in their students. Whilst it has 

been pointed out that the decision-making processes that the teachers employ when 

selecting these 'biological entities' and deciding in what ways they need to be known 

for success at A level is beyond the scope of this thesis, there has been some 

speculation about the likely factors that might inform this decision-making. These 

include knowledge of the syllabus, experience of past examination papers, 'guiding 

frameworks', examiner reports, textbooks and discussions with colleagues.
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Developing students' understanding of the nature of biology/ 
science: an unnecessary feature of students' preparation for 
A level biology examination success?
So far, this chapter has argued that the major focus of these teachers' perceived 

successful teaching of biology at A level concerns developing their students' 

knowledge and understanding of substantive biological content. There is little 

evidence to show that developing their students' understanding of syntactic 

knowledge - that is Schwab's second dimension to subject matter knowledge - is 

considered to be a feature of their successful preparation of students for A level 

biology examination achievement. Reflections in post-lesson and vignette interviews 

are not dominated by this concern. In fact only a handful of comments seem to relate 

in any way to developing students' understanding of the nature of biology/science. 

Furthermore, direct attempts, through lesson activities, to develop their students' 

understanding of syntactic biological knowledge are not apparent to any great 

degree.

One of the ways in which it could be argued that biology/science teachers might 

encourage their students' development of knowledge and understanding of the 

nature of biology/science is through experimental work. Experiments, however, did 

not play a central role in these teachers' respective units-of-work. For example, 

laboratory experiments did not feature in any of John's lessons, although, in lesson 2, 

one of his colleagues performed a dissection of an ox heart for the class to observe 

and then later in the same lesson all students dissected a pig's heart themselves. 

Catherine's students performed one laboratory experiment across her unit-of-work 

involving setting up and using a respirometer. And finally, Sally's students performed
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two short experiments during her unit-of-work: the first, in lesson 2, concerned the 

digestion of starch and the second, in lesson 6, concerned the digestion of protein.

Furthermore, only a few comments made by the teachers about these experiments 

could be perceived as tentative evidence of them considering successful teaching of 

biology at A level to involve developing students' understanding of syntactic 

biological knowledge. For instance, all three teachers did mention an aspect of their 

successful teaching as providing opportunities for their students to develop various 

practical skills. In post-lesson interview 2, Catherine mentioned that the respirometer 

practical was successful because her students were able to develop their skills in 

using particular laboratory equipment. In her words:

another good bit was the getting used to the apparatus, practical skills, learning 
how to use different bits and things.

(plint2C71-72)

Similarly, Sally makes clear in the following quotation that she felt the practical 

involving the digestion of starch in lesson 2 of her unit-of-work encouraged her 

students' development of experimental skills:

I think there were good bits of practical sort of involvement in it, using equipment, 
doing tests, measuring, all things you expect them to be able to do but they have 
to practice I suppose, you know, to get better.

(plint2S48-51)

Finally, John was pleased most of his students had attempted the dissection of a 

pig's heart in lesson 2 as he felt this gave them the opportunity to practice using
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scientific equipment - e.g. scalpels - thereby developing their laboratory skills. In his 

words:

It's good for them to have a go at using the scalpel and things.
(plint 2 J 52-53)

In addition to the above comments suggesting that successful teaching of biology at 

A level involves providing students with opportunities to develop their practical skills, 

Catherine also argued that the respirometer experiment provided her students with 

the opportunity to develop their capacity to make predictions concerning the outcome 

of an experiment ('the technique of biology there is important, predicting and saying 

why you predict, explaining your own prediction.' VI1 C 437-439) and to improve their 

ability to critically evaluate the methods used in an experiment ('what I try to do with 

this every time is to get them to improve the method which was the business of how 

the control was better, so improving the very thing that they were doing within that.' 

plint 2 C 48-51).

Parallels could be drawn between the three teachers' reference to practical skills and 

abilities, Catherine's reference to predictive and evaluation skills and elements of 

Schwab's reference to the syntactic structures of a subject - that is 'the methods and 

modes of inquiry that a discipline develops'. Indeed, practical skills and abilities such 

as accurately measuring, learning how to use specific equipment and performing 

dissections could be considered examples of methods used in scientific endeavours. 

Furthermore, both the skills of prediction and evaluation could be interpreted to be 

examples of modes of inquiry in science. However, the scarcity of evidence makes
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any such parallels highly speculative. Indeed, much more evidence would be 

required to substantiate any claims of this sort.

Other ways in which it could be argued that biology/science teachers might 

encourage their students' development of knowledge and understanding of the 

nature of this discipline include historical discussions concerning the development of 

scientific knowledge. For example, in the Blood and Circulation topic John could 

have drawn upon the work of William Harvey (1628) (cited in Roberts et al 1993) to 

illustrate how, until his research - based on dissections and experiments - was 

published it was thought that blood was pumped from the heart and subsequently 

drawn back into it via the same vessels. However, such a technique was not used by 

any of the teachers.

Since the aim of analysis in this research is to produce an account of three teachers' 

perspectives of what teaching biology for success at A level comprises using their 

comments in interviews (as described in chapter four) to shape an understanding of 

observed classroom practice, findings that might result simply from my interpretation 

of their observed teaching have not been explored. However, it is worth noting here 

that whilst developing their students' knowledge and understanding of the nature of 

biology/science did not appear to be a conscious aim of their successful teaching of 

the subject at A level it is possible to speculate that implicit in the teachers' 

predominant focus on the teaching of substantive content and their presentation of 

this content was a representation of the nature of their subject. This representation 

seemed to involve presenting biology as comprising a fixed and unchanging body of
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knowledge to be learnt in order for examinations to be passed successfully. Whilst 

this might not have been the intention of the teachers, the combination of not 

consciously or directly developing their students' understanding of the nature of 

biology/science and their major focus on developing students' knowledge and 

understanding of a set body of unchanging facts as set out by their respective 

syllabuses could have achieved this outcome.

The lack of evidence concerning developing students' understanding of the syntactic 

aspect of biological knowledge leads us to ask the following question - how can we 

account for the fact that all three teachers did not consider developing their students' 

understanding of the nature of biology/science to be a feature of their successful 

teaching of biology for A level examination achievement? Indeed, why did these 

three teachers not consider developing students' understanding of the syntactic 

structures of biology to be necessary for A level examination success? In the 

following section, various possible explanations will be suggested and explored in an 

attempt to account for this finding.

The first possible suggested explanation to account for this finding relates to the 

nature of the three syllabuses taught by the teachers in this research project. The 

nature of the syllabuses can be considered along three dimensions: subject content; 

nature of assessment; and method of assessment. The subject content dimension 

outlines in statements the biological knowledge and understanding that will be 

assessed at the end of a course - in the case of a linear course (e.g. Catherine's 

course) - and during a course - in the case of a modular course (e.g. Sally's course
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and John's course). The nature of assessment dimension outlines in what ways the 

students will be assessed, for example, by the recall of facts, concepts, principles, 

theories or by the interpretation and analysis of data. The nature of assessment 

dimension is embodied in each syllabuses aims and objectives. These are outlined 

in detail in chapter one (pp. 6-8). Finally, the methods of assessment dimension 

outlines the various ways in which the subject content will be assessed. This 

involves a number of written papers taken under examination conditions and 

coursework. For all three syllabuses the coursework element comprises one or more 

'investigations'. These involve students planning and executing (e.g. making 

observations, recording measurements) an experiment; presenting, analysing and 

drawing conclusions from the experimental data; and finally, evaluating the 

experiment.

In the following sections all three dimensions will be considered in turn and their 

contribution to account for the finding that the teachers did not consider developing 

their students' understanding of the nature of biology/science necessary for A level 

examination success will be discussed.

Analysis of each syllabuses subject content dimension (see Appendix A), that is the 

biological knowledge and understanding taught during this research project, reveals 

an overwhelming emphasis on substantive content. The statements defining the 

content of each syllabus section set out specifically what facts, concepts, principles 

and theories the students need to know and understand for the examination. No 

statements indicate the need for students to know and understand the nature of their
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subject in relation to the three topic areas taught during this research project. 

Indeed, the only suggestion that one of the topics taught during this research might 

provide the opportunity to encourage the development of students' understanding of 

the nature of biology/science comes from the 'possible learning experiences' that, in 

conjunction with the syllabus statements, are suggested by Sally's syllabus. Various 

suggestions are given and all include the word 'investigate'. For example, next to the 

section outlining the biological subject matter concerning the digestion of 

carbohydrate, protein and fat, the following possible learning experience is 

suggested:

Investigating protein digestion using photographic film or egg albumin
(NEAB1999, p. 24)

It is possible to interpret the meaning of the word 'investigate' in two ways. To begin 

with, in science education, the term 'investigate' has historically been used to refer to 

laboratory experiments - that is 'investigations' - which are designed, executed and 

evaluated more or less entirely by students themselves in order to solve practical 

problems (Watson 2000; Woolnough 1994; Woolnough and Allsop 1985). Indeed, in 

certain science education circles 'investigations' are seen to be a way of encouraging 

students' development of understanding of the nature of science (Woolnough 1991). 

However, an alternative interpretation of the term 'investigate' in relation to laboratory 

experiments might lead a teacher to provide students with the opportunity to perform 

an experiment that has already been designed and tested by other teachers and/or 

curriculum developers. In this case the students simply follow a set of instructions, 

presented by the teacher, and, providing they do this correctly, should produce a
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particular set of results. It seems that Sally interpreted the term 'investigate', as 

found in the 'possible learning experiences' in her syllabus, in the latter way. She 

incorporated two out of the five recommended 'possible learning experiences' in her 

unit-of-work. However, for each, her students followed a set of instructions the 

purpose of which seemed to be to verify knowledge and understanding already 

developed. For example, the experiment investigating protein digestion using 

photographic film or egg albumin involved her students verifying that the optimum pH 

for the enzymatic action of pepsin is 2 and trypsin is 8. In Sally's case then, the 

possible hint from the syllabus section to encourage teachers to develop students' 

knowledge and understanding of the nature of biology/science was not borne out in 

the classroom.

It seems then, that the emphasis of the subject content sections of each of the 

syllabuses is on outlining substantive content thereby giving the impression that there 

is much substantive content to be covered. Indeed, all three teachers mentioned the 

content-laden nature of their syllabuses suggesting they had a lot of substantive 

content to cover and their students had a lot of substantive content to acquire. Given 

that these syllabus sections are probably one of the most vital sources for the 

teachers in their lesson planning it is perhaps not surprising that they tended to 

focus, almost exclusively, on developing their students' understanding of substantive 

biological content in the particular topics taught during this research project.

Across all three syllabuses the nature of assessment is very similar. Indeed, the 

assessment objectives for the three syllabuses can be loosely grouped into three
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areas: knowledge and understanding; application and analysis; and investigation. 

Although these assessment objectives are discussed in detail in chapter one, for 

overall coherence for the reader they are also described briefly here. The knowledge 

and understanding objective is described as referring, in the main, to assessing 

students' knowledge and understanding of facts, theories, concepts and principles. 

The application and analysis objective is defined as assessing a candidates' ability to 

apply knowledge and understanding of substantive biological content to solve 

problems in familiar and unfamiliar situations as well as to analyse and interpret 

scientific information that is presented in a variety of forms. The investigation 

objective includes assessing a students' ability to: formulate hypotheses and design 

feasible experiments to test them; implement an experimental design making 

accurate observations and recording results; analyse, evaluate and draw conclusions 

from the outcome of an experimental investigation and finally write up an 

experimental investigation in an appropriate manner making good use of grammar, 

punctuation and spelling.

When the assessment objective descriptors are analysed it is worth noting that each 

tends to focus its attentions on assessing either predominantly substantive biological 

content or predominantly syntactic biological content although for one objective - 

application and analysis - there is some degree of overlap. For example, the 

knowledge and understanding objective appears to assess students' substantive 

biological knowledge, that is knowledge and understanding of facts, theories, 

concepts and principles. The application and analysis objective appears, in part, to 

assess students' knowledge and understanding of substantive biological content but,
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in addition to this, it also seems to assess, in some way, students' understanding of 

the nature of biology/science. For example, being able to analyse and interpret 

scientific information suggests some level of knowledge and understanding of the 

syntactic structures of science since analytical and interpretive skills are part of the 

armoury of practising scientists. Finally, the investigation assessment objective 

seems to focus almost exclusively on assessing students' knowledge and 

understanding of the nature of science. For example, being able to formulate 

hypotheses, record results, analyse and draw conclusions from data seems to 

resonate with some basic knowledge and understanding of the syntactic structures of 

science.

Analysis of the three syllabuses assessment objectives therefore suggests that only 

two out of the three - that is knowledge and understanding, and application and 

analysis - assess students' knowledge and understanding of substantive biological 

content. Furthermore, it also suggests that only two out of the three - that is 

application and analysis, and investigation - assess in some way students' 

understanding of the nature of biology/science. These findings are important when 

the nature of assessment is considered in conjunction with the three syllabuses 

methods of assessment.

Across all three syllabuses the methods of assessment are very similar. For all 

courses, as mentioned earlier, assessment takes the form of either written tests, 

taken under examination conditions, or coursework. Table 6.1 overleaf outlines the 

three major assessment objectives for each syllabus and the percentage of the
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Table 6.1 A table to show the % of each syllabuses overall A level marks 
devoted to the assessment of the three assessment objectives as 
well as the assessment component through which the majority of 
each assessment objective is assessed.

Assessment objectives and % of 
overall A level devoted to their 
assessment for the different 
syllabuses_______________

Assessment component through 
which the majority of the assessment 
objective is assessed (e.g. between 
90-100%} ____________

Knowledge and understanding

AEB 45% (linear) 
ABE (modular) 
NEAB 50%

Written test 
Written test 
Written test

Application and analysis

AEB 35% (linear) 
AEB 35% (modular) 
NEAB 30%

Written test 
Written test 
Written test

Investigation

AEB 20% (linear) 
AEB 20% (modular) 
NEAB 20%

Coursework 
Coursework 
Coursework

overall A level marks devoted to their assessment. Furthermore, it also outlines the 

assessment component through which the majority of the assessment objective is 

assessed.

When nature of assessment is considered with method of assessment various 

findings emerge. To begin with, it seems for all three syllabuses the assessment of 

substantive biological content (i.e. assessed through the assessment objective 

'knowledge and understanding' and to some degree also through the assessment 

objective 'application and analysis') is achieved almost exclusively through written 

tests. Furthermore, it appears that for all three syllabuses the assessment of
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syntactic content (i.e. assessed through the assessment objective 'investigation' and 

in part through the assessment objective 'application and analysis') is achieved in 

large part through coursework. Given these facts, it is possible that these three 

teachers tended to develop their students' understanding of the nature of 

biology/science predominantly when they were engaged in coursework activities. 

Since none of the units-of-work observed involved any students doing coursework 

this might help to explain why developing students' knowledge and understanding of 

the nature of biology/science was not a major feature, if a feature at all, of the three 

teachers' successful teaching of biology at A level.

It has been argued above that the A level biology curriculum and its representation in 

the three syllabuses taught during this research might help to explain why, for these 

three teachers, successful teaching of biology at A level comprised an almost 

exclusive focus on developing students' knowledge and understanding of substantive 

biological content with little, if any, emphasis on developing students' knowledge and 

understanding of the nature of biology/science. An additional factor that might help 

to explain why developing students' knowledge and understanding of the nature of 

biology/science was a peripheral feature, if a feature at all, of the three teachers' 

successful teaching of biology at A level is the teachers' assessment of the suitability 

of the topic areas taught during their respective units-of-work for developing this sort 

of understanding. It is possible that the three teachers did not consider the subject 

content of their topics conducive to achieving this sort of understanding in their 

students. Indeed, judging by the syllabus subject content statements, only Sally's, 

through 'possible learning experiences', makes any hint to suggest that the particular
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topic area chosen might be suitable for developing this sort of knowledge and 

understanding in students. For John and Catherine two later topic areas in their 

syllabuses - genetics and ecology - do provide subject content syllabus statements 

that seem more geared to encourage teachers to develop their students' 

understanding of the nature of biology/science in addition to their knowledge and 

understanding of substantive content. For example, the following notes that 

accompany Section 2.1 of Section 2 (Variation and the Mechanisms for Inheritance 

and Evolution) of both the linear and modular AEB syllabus suggest, through the use 

of terms such as analysis, deduction and evidence from experimental work, an 

opportunity for teachers to develop students' knowledge and understanding of the 

nature of biology/science:

These sections provide the opportunity to examine the work of a number of 
biologists such as Griffith and Avery, Macleod and McCarty on Pneumococcus, 
Hershey and Chase on the T2 bacteriophage and E.coli and Beadle and Tatum 
on Neurospora crassa. Candidates will not be expected to study all these 
examples or to link workers' names with particular pieces of work or to be familiar 
with details of techniques. The exercise for the candidates should be one of 
analysis and deduction using evidence derived from the experimental work.

(AEB1997,p.21)

Moreover, it is possible that the three teachers might have felt that the subject 

content of their units-of-work was conceptually demanding enough for their students 

to cope with and that introducing another dimension in the form of developing an 

additional sort of knowledge and understanding would make things too difficult for 

their students.

In addition, it might be the case that the teachers consider developing students' 

knowledge and understanding of the nature of biology/science to be a time
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consuming process. Consequently, given the pressure they feel to ensure they get 

through the subject content syllabus statements in an appropriate time frame they do 

not embark on achieving this aim in the classroom.

Finally, it might be the case that the teachers do not consider developing students' 

knowledge and understanding of the nature of biology/science a possible aim of their 

teaching or do not consider it a possible aim to achieve through explicit teaching 

methods. Perhaps they believe that the nature of biology/science can only be 

modelled through their own practices and therefore inferred indirectly by students 

rather than intentionally taught by them.
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Summary of the chapter's main findings and their relationship to 
previous studies

In light of the suggestion in chapter five that the overall aim of all three teachers' 

teaching of biology was to prepare their students for examination success, this 

chapter has investigated the ways in which the three teachers believed their students 

needed to come to know the A level biology curriculum in order to achieve this 

objective. Schwab's classification of subject matter content knowledge into the two 

dimensions of substantive knowledge and syntactic knowledge has been particularly 

useful in assisting the exploration of the conceptions of biology the teachers deemed 

necessary for their students to know in order to be successful in their A level 

examinations.

This chapter has suggested that, for all three teachers, the major focus in preparing 

their students for A level examination success involves developing their knowledge of 

substantive biological content. Indeed, this finding resonates with the anecdotal 

assertions made about A level biology/science teaching by a variety of other 

researchers including Yan Yip (2004), Ryder et al (2003) and Lock (1997).

This chapter has argued that, for students, coming to know substantive biological 

content for success in examinations involves conceptualising it in several patterned 

ways since these ways help them to develop and retain the knowledge they need to 

retrieve for examination achievement. This proposal concurs with findings from other 

studies. In a study of four English and history teachers' teaching, for example, 

Gudmundsdottir (1991) found that the teachers she worked with wanted their



285

students to come to know either literary texts or historical topics in particular 

patterned ways. Nancy - one of the English teachers - for example, wanted her 

students to come to know a literary text in three ways. She wanted them to:

• know the literal meaning of the text;

• be able to interpret the text;

• be able to relate the text to their own lives.

Similarly, David, one of the history teachers, wanted his students to come to know 

history in three ways. He wanted them to:

know specific historical facts and events;

be able to interpret these facts and events;

be able to link these interpretations to current events.

Further, this chapter has explored the nature of the conceptions of substantive 

biological knowledge the teachers considered critical for their students to know for A 

level examination achievement. It has been argued that these conceptions involve 

viewing substantive biological content as a network of related 'biological entities' and 

'biological entities' as comprising a constellation of features (which can come to be 

known at either a surface and/or deep level) and, where appropriate, one or more 

specific representations. Whilst the teachers believe all 'biological entities' to be 

interrelated they do not perceive all 'biological entities' to have equal status. Indeed, 

it has been argued that the teachers consider there to be a core set of 'biological
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entities' that are integral to developing surface and deep level knowledge of features 

of 'biological entities' across the discipline.

A number of studies accord with aspects of the conceptions of biology the teachers 

considered necessary for their students to know for A level success. Findings from a 

study by Gess-Newsome and Lederman (1995), for example, suggest that it is not 

unusual to seek to represent biology as a network of related subject matter. In this 

study Gess-Newsome and Lederman described the conceptual structures - what 

they referred to as Subject Matter Structures - of five experienced biology teachers 

from observations of their classroom practice. For three of these teachers a feature 

of their Subject Matter Structure comprised representing to their students the 

integrated nature of biological content through their teaching.

Elements of Ausubel et a/'s (1978) work on meaningful learning resonates with 

aspects of the patterned way of knowing 'biological entities' the teachers in this study 

sought their students to develop. In Educational Psychology: A Cognitive View, 

Ausubel et al discuss a number of different types of learning including concept 

learning. They define a concept as an object, event, situation or property suggesting 

that their 'concepts' are similar in nature to the 'biological entities' described and 

discussed in this thesis. They argue that learning a concept involves learning its 

identifying or distinguishing criterial attributes. Whilst the definition of an identifying 

or distinguishing criterial attribute is never given it is possible to infer that it might be 

similar to this thesis' definition of a feature - that is an expression of a particular 

characteristic of a specific 'biological entity'.
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Furthermore, aspects of Wilson's (1989) analysis of the subject matter knowledge of 

history teachers also accords with some elements of the patterned way of knowing 

'biological entities' that the teachers in this study sought their students to develop. 

Wilson identifies four constructs to substantive historical knowledge. They are: 

differentiation; elaboration; qualification; and integration. Two of these - 

differentiation and integration - resonate with elements of knowing 'biological entities' 

as suggested by this research. Differentiation, for example, refers to the ability to 

identify the characteristics of a particular topic, a construct that shares similarities to 

this thesis' definition of a feature of a 'biological entity'. In addition, integration refers 

to comprehending the connections between historical facts. This construct bears 

resemblance to the suggestion that learning about 'biological entities' involves 

appreciating the connections between them.

It is possible also to draw parallels between various aspects of the patterned way in 

which the three teachers in this study sought their students to come to know 

'biological entities' and the findings of Gudmundsdottir's study discussed earlier. For 

instance, it seems that knowing features at a surface level shares similarities with the 

sort of knowing her English and history teachers sought to develop in their students. 

Remembering and recalling features seems comparable with knowing the literal 

meaning of a text or knowing specific historical facts and events. Furthermore, 

knowing at a deep level seems to resemble Gudmundsdottir's teachers' 'interpreting'. 

Being able to explain the 'how' and/or 'why' of a feature in its wider biological context
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resonates with being able to interpret a text in English and being able to interpret 

facts and events in history.

Literature from psychology suggests support for the teachers' desire to encourage 

their students to appreciate that whilst all 'biological entities' are inter-related not all 

'biological entities' are of equal status, indeed, some play a more central role in 

connecting with 'biological entities' than others. Ausubel et al (1978), for example, 

suggest that there are always concepts in any knowledge structure that are more 

'central' than others as they are linked to many other concepts.

In addition, this finding also concurs with results from a study by Hoz et al (1990). In 

this study, the researchers explored the conceptual structures of seven biology and 

six geography teachers and suggested that experienced teachers have hierarchically 

arranged conceptual structures suggesting that some aspects of biological subject 

matter are more central to developing knowledge and understanding than others.

The findings presented in this chapter also suggest that through the careful 

structuring of subject matter tasks and the frequent rehearsal of knowledge the 

teachers believe their students will develop and retain the specific conceptions of 

substantive biological subject matter knowledge that they consider necessary to have 

for A level examination success. Research from cognitive psychology supports the 

teachers' beliefs in the value of frequently reviewing knowledge. Indeed, a number of 

studies have shown that rehearsal leads to improved memory recall (Eysenck and 

Keane2000; Eysenck 1993; Benjafield 1992).
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Moreover the findings presented in this chapter suggest that the decision-making that 

the teachers employ in order to decide what substantive biological knowledge needs 

to be known and in what ways it needs to be known is shaped by a variety of factors. 

These include knowledge of the syllabus, experience of past paper examination 

papers, examiner reports, textbooks, discussions with colleagues and 'guiding 

frameworks'. The variety of factors discussed signal the importance of context in 

shaping and guiding the decisions teachers make that inform their practice. A 

number of studies illustrate the significance of context in shaping teaching. For 

example, Delpech (2002) suggests the significance of the curriculum and methods of 

assessment on teaching whilst studies such as Brown and Mclntyre (1993) suggest 

the importance of a wider range of factors including pupil, time and material 

conditions.

Finally, this chapter has argued that, for these three teachers, preparing their 

students for A level examination success does not seem to involve developing their 

knowledge of syntactic biological content. This finding concurs with findings from a 

number of other studies (Lederman 1999; Abd-EI-Khalick et al 1998; Lederman et al 

1994; Gess-Newsome and Lederman 1993; Duschl and Wright 1989). These studies 

show that even in projects where the research participants are both very 

knowledgeable about the nature of biology/science and highly experienced teachers 

they rarely consider the nature of science when planning for instruction or making 

instructional decisions. In short, they do not intentionally attempt to teach in a
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manner that is consistent with their perceptions of the nature of science (Lederman 

1999).

The arguments offered in this chapter to account for this finding suggest that 

contextual variables such as the curriculum and the teachers' perceptions of the 

cognitive demand of the content taught might explain why the teachers did not 

consider it appropriate to develop their students' knowledge and understanding of the 

nature of biology/science in their classrooms. Previous research has also 

consistently alluded to contextual factors such as these as significantly inhibiting 

teachers' attention to the nature of science in their classroom teaching (Roberts and 

Gott2000; Brickhouse 1990; Duschl and Wright 1989; Lederman and Zeidler 1987).

In the next chapter the findings reported in this thesis will be related to the study's 

three research questions. Furthermore, there will be a critical reflection upon the 

design and conduct of the study. Finally, the implications of these findings for policy, 

practice and research will be discussed.
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Chapter Seven 

Conclusions

Introduction
To conclude this thesis the final chapter will relate and discuss the findings 

presented in chapters five and six to the three research questions posed in 

chapter three. Furthermore, it will critically reflect upon the design and conduct 

of the research study, and finally, discuss the implications of the findings for 

policy, practice and research.

Answering the research questions

What are the teachers' characterisations of their successful teaching of 
biology at A level?

The findings presented in chapters five and six suggest that given the contexts 

in which the teachers worked, there are three central features that comprise a 

characterisation of their successful teaching of biology at A level. The first 

feature concerns an overwhelming focus on developing students' knowledge 

and understanding of substantive biological content. The data indicates that 

preparing students for A level examination achievement in biology involves 

developing this aspect of subject matter knowledge almost to the exclusion of 

the direct development of other content based aims such as fostering 

knowledge and understanding of the nature of biology/science.

This is an interesting finding because it does not seem to resonate with the 

intentions of the curriculum developers of the three syllabuses that the teachers 

were following. Indeed, the aims and objectives of the three syllabuses, as laid
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out in chapter one and discussed in chapter six, suggest a balance of both 

substantive and syntactic content based aims ranging from assisting students 

to acquire knowledge and understanding of biological concepts and principles 

(a substantive content based aim) to assisting students in developing a 

scientific approach to the solving of problems including, for example, forming 

hypotheses and predicting outcomes (a syntactic content based aim). 

Moreover, although it has not always been the case, more recently science 

curricula rhetoric has tended to emphasise a balanced curriculum with a focus 

on both substantive and syntactic content aims (Roberts 2001; Miller and Driver 

1987).

It is possible that the teachers are not interpreting the syllabus documents as 

the curriculum developers intended because they are having to take account of 

an additional national policy driver which, in conjunction with the variety of factors 

they take account of in their immediate classroom contexts, means they are 

unable to fulfil all of the aims outlined in the syllabuses. Increasingly education 

is being seen as a commodity. There is an emphasis, for example, on setting 

and reaching targets, on restructuring the workforce by encouraging more 

students into higher education (Phoenix 2003) and on encouraging competition 

between schools through the publication of league tables. This national context 

constantly reinforces the importance attributed to examination results as, for 

example, they can be important in target setting, they are a requirement for 

entrance into higher education and they are the key component in the 

construction of league tables. Certainly, the three teachers in this study seemed 

affected by this national context since the main aim of their successful teaching 

of biology at A level was not, for example, to develop their students as inquiring
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and creative biologists, but to get their students the best results they could in 

their examinations. In light of the immediate contexts of their classrooms and 

the variety of factors of which they had to take account, it is possible that 

prioritising the teaching of the substantive aspect of biology over the syntactic 

aspect became a necessity. Within the topics taught during this project, the 

teachers might have perceived it as impossible to achieve both the teaching of 

substantive and syntactic content knowledge. Furthermore, it might be the case 

that in their experience having knowledge of the substantive aspect of biology is 

more likely to achieve successful examination results than having knowledge of 

the syntactic dimension.

It is also possible that the teachers did not emphasise syntactic subject matter 

issues in their successful teaching of biology at A level because they did not 

possess the knowledge, understanding and skills to do this. Indeed, Ryder et 

al (2003) suggest that teaching about the nature of science is 'a new area of 

expertise for many teachers' (p. 2). It is unlikely that biology teachers will ever 

have had explicit instruction in the syntactic dimension of science through 

science degree courses or professional development and training, and unless 

they are highly motivated and interested in this aspect of science - perhaps they 

have undertaken scientific research themselves - it is doubtful they will have 

developed sophisticated knowledge and understanding of this dimension of 

biology. In light of this, it is perhaps expecting a great deal of biology teachers to 

be able to teach explicitly about this aspect of subject matter knowledge.

There is a likelihood that since the teachers did not focus on developing 

knowledge and understanding of the syntactic dimension of biology, their
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students might well emerge from their school education with truncated 

conceptions of the nature of biology/science. As is argued in chapter six, it is 

possible that implicit in the teachers' predominant focus on the teaching of 

substantive content and their presentation of this content was a representation 

of the nature of their subject. This representation seemed to involve presenting 

biology as comprising a fixed and unchanging body of knowledge and truths 

about the world.

It could be argued that one of the aims of science education is to develop 

scientifically literate citizens. However, it is unlikely that holding views about the 

nature of biology/science such as those described above would be beneficial in 

achieving this aim. How, for example, do individuals who consider science to 

be a fixed body of knowledge and truths about the world reconcile the different 

findings and conclusions of competing scientific theories concerning issues 

pertinent to them? Furthermore, if the pressure of examinations encourages the 

development of such a truncated conception of biology/science this might have 

implications for the role that examinations play in the overall aim of developing 

scientifically literate citizens.

The second feature of the three teachers' successful teaching of biology at A 

level concerns the fact that, to help their students develop and retain knowledge 

and understanding of large volumes of substantive content, they represented 

this content in patterned ways.

As discussed in greater detail in chapter two, the work of Shulman and his 

colleagues at Stanford led to the suggestion that in addition to knowledge of
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subject matter per se, teachers develop a special sort of knowledge - 

pedagogical content knowledge - that blends their knowledge of subject matter 

with their knowledge of pedagogy (including, for example, knowledge of learners 

and knowledge of curricula). It is argued that this knowledge develops from a 

teacher's re-evaluation of his/her own understanding of subject matter for the 

purposes of teaching it - that is it involves developing ways of transforming 

subject matter in order to foster the development of subject matter knowledge in 

the minds of students (Wilson efa/1987).

The teachers in this study provide strong support for this early formulation of 

pedagogical content knowledge. Indeed, the evidence suggests that they 

transform their knowledge and understanding of substantive biological content 

into specific patterns of knowledge that they represent to their students in order 

to encourage them to develop what they consider appropriate knowledge and 

understanding for success in A level biology examinations.

The third and final feature of the teachers' successful teaching of biology at A 

level concerns the fact that they tended to use carefully structured and controlled 

teacher-centred approaches to teaching, including the frequent use of repetition, 

in order to encourage their students to develop knowledge and understanding of 

specific representations of biology. This certainly seems to be a familiar picture 

since the anecdotal assertions of other writers have highlighted the use of such 

methods as a characteristic feature of A level biology teaching (Yan Yip 2004; 

Lock 1997).
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This is an interesting finding since one of the major criticisms levelled at the 

original conception of pedagogical content knowledge is that it suggests a 

transmission model of teaching and a didactic role for the teacher (Calderhead 

1996; Pendry 1994). It assumes that teachers understand subject matter and 

through appropriate tasks, explanations and demonstrations they develop this 

understanding in their students. This assumption tends to dismiss other 

possibilities for learning such as students constructing their own knowledge 

within a social context or problem-based inquiry type learning. Indeed, 

researchers adopting more constructivist conceptions of teaching and learning 

have questioned whether Shulman's concept of pedagogical content knowledge 

is a necessary prerequisite for teaching (Calderhead 1996).

The use of teacher-centred approaches to teaching does not resonate with 

much of the extant literature in science education on teaching and learning. 

Indeed, the use of such methods in the teaching of A level biology has often 

been criticised (e.g. Hall et al 2003; Lock 1998; Purchon 1998). The 

predominant use of these methods suggests that the teachers' major 

conception of what learning in biology/science comprises is the accretion of 

new knowledge. The highly controlled classroom environment they engendered 

gave little opportunity to students to play an active role in the development of 

their own knowledge. Indeed, one of the only ways they contributed was when 

they were presented with the opportunity to develop deep level knowledge of 

features of 'biological entities'. In these cases the students were encouraged, 

under the watchful eyes and prompting of their teachers to connect 'biological 

entities' together in an attempt to construct accounts to explain the 'why' or 'how' 

of a feature. In this way they began to actively construct networks of meaning
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themselves. Since, however, this was quite a time consuming process it was 

not an overly frequent feature of the three teachers' teaching.

This picture of science teaching and learning contrasts with the views of what 

many (e.g. Jenkins 2000; Tao and Gunstone 1999; Banet and Nunez 1997) 

consider to be the dominant paradigm in science education: the 'Constructivist 

Movement'. Constructivists argue that learning in science 'ought' to comprise 

learners constructing their own meaning for events and phenomena having 

addressed any prior ideas or conceptions they might have about 

biology/science topics. The role of teachers in this process is to provide the 

right conditions for the students' reconstruction of meaning.

The findings of this thesis, however, indicate that within the contexts in which the 

teachers worked they did not consider constructivist approaches to be either 

appropriate or practicable. They adopted a teacher-centred approach to 

teaching because of the contexts in which they worked and the various factors 

they took account of in their practice. They adopted this approach because they 

truly believed that given the primary aim of their A level biology teaching - to 

ensure examination success for all their pupils - and their conceptualisation of 

how best to achieve this aim - by developing their students' knowledge and 

understanding of substantive biological content - a carefully structured and 

controlled teacher-centred mode of teaching was the most fruitful and effective. 

Nevertheless, if one were to judge the three teachers according to a great deal 

of the science education literature (academic writing that is predominantly of 

constructivist origin) they would be deemed lacking. However, what this thesis 

has tried to do is show that the teachers' use of teacher-centred methods and
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repetition was not thought/ess but instead thought^/. The teachers in this study 

are highly skilled practitioners. They have a clear rationale for the ways in which 

they act everyday in their classrooms. The decisions they make and the actions 

they take are a reflection of their priorities (in particular their desire to encourage 

student success in examinations), their perceived student needs (in particular to 

view substantive biological knowledge in specific ways) and their knowledge 

and understanding of the subject matter of biology. It seems that this finding, 

therefore, highlights a much broader issue: the discrepancy in science 

education between academic writing about practice and practice itself.

Furthermore, there is a possibility that the teacher-centred approaches to 

teaching these that teachers adopted might, in part, be a response to this 

country's constant drive for students to achieve examination success. Indeed, 

other researchers seem to support such a conjecture (Van Yip 2004; Delpech 

2002; Slingsby 2003; Purchon 1998; Lock 1997). It might be interesting then to 

consider that if we did not have such a drive for examination achievement other 

aspects of subject matter knowledge could be prioritised over the acquisition of 

substantive biological content or at least considered by teachers to be 

appropriate goals of their teaching and, in light of this, possibly alternative 

teaching and learning approaches might find a place in the enactment of the A 

level biology curriculum.

In what ways and to what extent do these characterisations vary between 
the teachers?

The evidence from this research indicates that the characterisations of 

successful teaching of biology at A level do not vary between the teachers, in fact 

they are extremely similar. As has already been suggested, the prevailing
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assessment driven culture in England is likely to help us, in part, explain these 

huge similarities. Indeed, the commonalities between the teachers' teaching 

might arise from their wealth of experience concerning how best to assist their 

students in achieving A level examination success.

Further to this, however, it is possible that the logic of the subject of biology itself 

might also help us to explain the similarities observed. Analyses of the nature 

of biology/science suggest parallels with the conceptions of biology the 

teachers sought to develop in their students. There is general agreement, for 

example, that biology/science is populated by a wide variety of entities (Ogborn 

et a/1996; Halliday and Martin 1993; Ruse 1973). Indeed, Ogborn et al refer to 

these entities as an 'ontological zoo' giving examples that include such things 

as water, energy and animals. Furthermore, academics concur that these 

entities are often related to one another. Halliday and Martin (1993) argue that 

an aspect of scientific discourse is that the technical terms of science tend to 

accumulate information - a feature they refer to as the condensing power of 

scientific language. They argue that technical terms are consistently used to 

define other technical terms. To understand a term, therefore, it is important to 

have knowledge of all the technical terms that are referred to in its definition as 

well as knowledge of the relationships between them. Moreover, academics 

argue that defining entities, that is constructing knowledge and understanding of 

them involves establishing things like what they can do - functional statements 

- (Ayala 1974; Ruse 1973; Beckner 1971; Munson 1971) and what they are 

made of (Ogborn efa/1996).
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Given the three aspects of the logic of biology/science suggested by the various 

scholars referenced above it makes sense that the teachers represented their 

subject in the ways they did and developed their students' knowledge and 

understanding of it by using predominantly didactic pedagogic techniques and 

the frequent use of repetition. An analysis of the teachers' conceptions of 

biology suggests that these teachers had developed highly sophisticated 

knowledge of aspects of the logic of their subject and drew upon this knowledge 

and understanding in their teaching. Teaching for them became developing 

ways in which they could get across the logic of their subject to their students.

At a more tentative level it is possible that several factors the teachers had in 

common might help to explain their strikingly similar characterisations of 

successful A level biology teaching. To begin with, all three teachers were 

teaching classes where the students were of varying levels of prior attainment - 

that is some students were considered particularly academic whilst others were 

considered much less academic. It might be the case that the similar features 

observed between them, therefore, assisted them in catering for this spread of 

ability in their classes.

An additional similarity between the three teachers concerned the fact that the 

students they taught were a combination of those where biology was their only 

science at A level (i.e. they were studying other more arts based subjects such 

as history or English alongside it) and those where biology was being studied 

alongside all the other sciences and/or maths. It is possible that the congruity 

in their characterisations of their successful teaching of biology at A level took 

this factor into account - that is the features of their teaching they shared in
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common enabled them to accommodate students in their classes who had a 

definite scientific flair as well as students who were more artistic in their talents 

and therefore had no support from understanding in other scientific subjects.

What subject matter knowledge and understanding shapes and accounts for 
these characterisations?

The evidence from this research suggests that the subject matter knowledge 

and understanding that shapes and accounts for the characterisations 

described and discussed in relation to research question one comprises 

various specific conceptions of biology. These conceptions involve:

viewing biology as a network of 'biological entities' where each 'biological

entity' is related to every other 'biological entity' in some way;

viewing 'biological entities' as made up of features, which can be known at

different levels and in different ways, and representations;

viewing some 'biological entities' as having a higher status than others,

thereby holding a hierarchical conception of the network of 'biological

entities'.

It is suggested that the three teachers' conceptions of biology share two 

characteristics. First, they display an overall structure to biological subject 

matter knowledge. For example, biology is viewed as a network of inter-related 

'biological entities'. Furthermore, 'biological entities' are viewed as comprising 

features and, where appropriate, representations. Features are viewed as 

attributes of a 'biological entity' that can be known at a surface level, and 

sometimes also a deep level. Finally, the structure is conceived as hierarchical,
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not flat. Thereby a core set of'biological entities' help to draw the huge network 

of'biological entities' together.

Second, the overall structure is determined by guiding principles. For example, 

the guiding principle that shapes the conception of biology as a network of inter­ 

related 'biological entities' is 'All biological entities are inter-connected'. Several 

guiding principles shape these teachers' conceptions of a 'biological entity'. 

The first is 'all 'biological entities' comprise features and, where appropriate, 

representations'. The second is 'all features can be known at a surface level 

and some can also be known at a deep level'. The third is that "biological 

entities' can be common or core depending on how significant they are at giving 

meaning to other 'biological entities". The more significant they are the more 

they are used to give meaning to other 'biological entities' and therefore the 

more likely they are to be core 'biological entities'.

Given that all three teachers shared similar subject matter conceptions of 

biology, this thesis suggests a subject matter conception that teachers consider 

useful for successful A level biology teaching as well as the value of subject 

matter conceptions per se. The three teachers' subject matter conceptions 

appeared to provide a framework to structure large amounts of substantive 

subject matter knowledge. It is likely that this framework assisted in making the 

enormous volume of biological content both easy to retain for the teachers 

(Berliner 1987) and useable for their pedagogical purposes.
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Critical evaluation of the study
Advanced level study comprises only a small part of a student's educational 

career and since it is not a compulsory element large numbers of students do 

not study at this level at all. Given this context, it could be argued that the sole 

focus of this study on the teaching of biology at A level is too narrow. However, 

as discussed in chapter three, the choice of A level was dictated by the purpose 

of this research - to explore in detail the teaching of biological subject matter. 

Since A levels are not compulsory and tend to be studied by students who are 

well motivated and interested in the subject area, it was felt that classroom 

management issues would be minor, if not absent altogether, thereby ensuring 

the purest sample available to investigate the teaching of biological content.

A further criticism that could be levelled at this research relates to the fact that 

only the teaching of three areas of biology - Digestion, Blood and Circulation, 

and Respiration - were investigated. There is no evidence of the teaching of 

other topics which might have suggested additional features to the teachers' 

characterisations of the successful teaching of biological subject matter or 

might have resulted in the modification of the characterisations presented. 

However, as with other studies, this project was limited by time constraints. The 

overall time scale of the research only permitted the intensive investigation of 

three topic areas.

Time constraints also meant that it was not possible to engage in respondent 

validation when analysis had been completed. Whilst elements of respondent 

validation had been woven into the research design - for example, through the
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use of confirmatory probing in interviews as discussed in chapter three - the 

feeding back and discussion with the research participants of complete 

analytical accounts would have been a desired feature of the investigation. 

Given more time and increased proficiency in the analytical process respondent 

validation at the end of analysis in an additional project might become a real 

possibility.

A number of researchers (e.g. Rickinson 1999; Cooper and Mclntyre 1996) have 

suggested that there is much value to be gained from classroom studies that 

simultaneously explore the perspectives of teachers and their students. Another 

way in which this study could be criticised, therefore, is for focusing on only one 

of the perspectives of these two groups of actors in the classroom. 

Nevertheless, looking at both would have widened the scope of the study 

beyond the reserves of time available.

The focus of this study on only the successful practice of classroom 

practitioners could also be criticised although there were a number of 

methodological grounds for focusing on just the positive aspects of the 

teachers' teaching as discussed in chapter three. First, the positive emphasis 

provided the teachers with a point of focus to the accounts they gave of their 

subject matter teaching. Second, previous research (e.g. Cooper and Mclntyre 

1996; Brown and Mclntyre 1993) had suggested that encouraging teachers to 

talk about the successful aspects of their practice gives them confidence and 

assists them in explaining their classroom actions. Third, research exploring 

the successful aspects of teachers' teaching was felt to be most useful to the 

recipients of the research.
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During the course of this study the quality of interviewing improved. Although 

careful preparation was instigated through the reading of methodological texts 

before data collection began it was only when engaging in the interview process 

itself that the practical skills of interviewing were developed. As data collection 

proceeded and there was time to reflect upon my conduct as an interviewer I 

became a better listener, I was able to probe more effectively and I was less 

likely to ask leading questions. Since improvements in the quality of 

interviewing might lead to improvements in the quality of data generated this is 

another area in which this study might be criticised. However, during analysis, 

steps were taken to minimise the effect of any examples of poor interviewing on 

the interpretation produced. On occasions where, for example, a leading 

question was asked and the teacher's response supported a particular claim of 

the developing analytical interpretation, further corroborative data from the same 

teacher (under conditions where interview practice was good) was sought 

before the evidence was accepted as trustworthy.

The small number of case studies in this investigation ensured a richness and 

detail to the accounts produced. However, given the small-scale nature of this 

research, it is difficult to know, with confidence, the extent to which the findings 

and implications of this study might be applicable to settings beyond the three 

investigated. At this juncture, it would seem most useful if the conclusions of 

this study are considered as ideas that are valid in relation to the contexts in 

which they were generated. However, in addition to this, the ideas could also be 

considered as potential frameworks used to explore further settings. 

Consequently, any generalisations arising from this study should be
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constructed in a 'naturalistic' form. These are generalisations, not of a 

statistical nature, but instead, generalisations that 'form the basis of hypotheses 

to be carried from one case to the next' (Brown and Mclntyre 1993, p. 50). 

Further investigation in different settings, therefore, would enable the potential 

generalisability of the findings of this study to be explored.
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Implications of the study

Implications for policy and practice

The findings of this thesis suggest a number of implications for policy and 

practice. To begin with the finding that developing students' knowledge and 

understanding of the syntactic dimension of biology was not an intentional aim 

of the teachers' successful teaching suggests that there is a real need for initial 

teacher training to encourage the development of student teachers' conceptions 

of the nature of biology/science as well as assist them in considering ways in 

which their conceptions could be translated into their practice. A study by Gess- 

Newsome (2002) suggests the value of explicitly teaching the nature of science 

to pre-service teachers since through a specifically designed course her student 

teachers developed more sophisticated conceptions of this dimension of 

subject matter knowledge. The study, however, did not explore the effects of this 

explicit teaching on the pre-service teachers' classroom practice.

Furthermore, it is suggested that it might be beneficial to give practising 

teachers the time (away from their school teaching commitments), resources 

and support through in-service training to develop and extend their knowledge 

and understanding of the syntactic dimension of biology/science and encourage 

them to reflect and share their thoughts and experiences on how to successfully 

integrate this aspect into their classroom practice.

The suggestion that teachers interpret syllabus documents according to the 

national and local contexts in which they work, and not necessarily in the sorts of 

ways the writers intend, indicates that much more account needs to be taken of
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the ways in which teachers work and what they consider possible in their 

classrooms in the formulation of such documents. It would certainly be 

beneficial to involve teachers in a consultative process when new curriculum 

documents are being developed.

The finding that teachers draw upon highly sophisticated conceptions of biology 

in order to teach it successfully suggests that initial teacher training would also 

benefit from encouraging pre-service teachers to develop, discuss and reflect 

upon their substantive subject matter structures and consider how they might 

assist their teaching of biology. Moreover, it is also suggested that it might be 

advantageous for practising teachers to be given the time (away from their 

teaching commitments), resources and support to reflect upon and share their 

conceptions of biology with other teachers. In this sort of format they might be 

encouraged to extend their subject matter conceptions and consider how they 

do use them and can further use them to develop their own subject matter 

teaching.

Moreover, this finding holds significance for a feature of science teaching in 

England - teachers of science frequently teach outside of their subject 

specialism in the lower school years (for example in Years 7, 8 and 9) and 

sometimes also through to GCSE (for example in Years 10 and 11). It is 

unlikely that non-subject matter specialists will have the depth of knowledge and 

conceptions of a specific science discipline that subject matter specialists have 

developed. Indeed, this might help to explain the well-documented difficulties 

that teachers teaching outside of their specialism experience (e.g. Sanders et al 

1993). Given the problems in this country with recruiting and retaining science
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teachers (Parliamentary Office of Science and Technology 1996) it is likely that 

teaching outside of ones specialist area will remain an aspect of a science 

teachers' job for some time to come. Consequently, it is suggested that both 

pre-service and in-service support that encourages science teachers of different 

subject specialisms to share the conceptions they have of their subjects with 

other non-specialists, and that offers the opportunity for specialists to explore 

with non-specialists how these conceptions shape their teaching might help 

non-specialist teachers to feel better prepared and more confident when 

teaching outside their subject area.

Finally, it has been suggested that the prevailing assessment driven culture in 

England might encourage a greater focus on the teaching of substantive rather 

than syntactic content as well as the use of more teacher-centred approaches to 

teaching in A level biology classrooms. An attempt to change this situation, 

therefore, might benefit from reducing the burden of examinations on teachers 

(and pupils) and therefore encourage a change in teachers' perceptions of the 

main aim of science education as synonymous with examination achievement. 

Steps in this direction might begin to encourage a broader view of the aims of 

science education, and in turn, possibly a greater emphasis on other 

dimensions of subject matter knowledge and understanding as well as a wider 

range of teaching and learning approaches.

Implications for future research

There are a number of areas of research that might build upon the findings of 

this study. The finding that the teachers' successful teaching of biology did not
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include developing students' knowledge and understanding of its syntactic 

dimension coupled with the belief that an understanding of the nature of science 

is an important aspect of science learning in schools suggests important 

avenues for research. To begin with, it would be useful to investigate why 

teaching about the nature of biology/science is not an intentional aim of A level 

biology teachers' teaching despite the emphasis that it is given in curriculum 

documents. Whilst this thesis has attempted to suggest explanations for the 

relative absence of this dimension in the classroom, there is a need for rigorous 

research to explore this in more detail. Further to this, it would also be 

beneficial to explore what sorts of factors, from the perspectives of teachers 

themselves, might encourage them to make the nature of biology/science an 

intentional aim of their subject matter teaching.

Moreover, given that there is no broadly established body of professional 

knowledge and expertise within the teaching community related to teaching the 

nature of science (Ryder et al 2003) there is also a real need for research to 

investigate the nature of the practical knowledge and understanding required to 

successfully teach the syntactic dimension of subject matter knowledge in real 

biology/science classrooms. Research of this nature, for example, might 

involve working with teachers highly committed to teaching the nature of science 

in their classrooms and exploring with them the sort of things they do and why 

they do these things when they are encouraging their students to develop 

knowledge and understanding of the syntactic dimension of biology/science.

An additional and potentially highly significant area of research would involve 

investigating the most appropriate ways to effectively provide pre-service and in-
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service support to encourage novice and experienced teachers alike to consider 

developing students' understanding of the nature of science to be an important 

aim of their subject matter teaching. Further, it would be useful to explore how 

such support could be effectively given to encourage novice and experienced 

practitioners to develop the sort of practical knowledge required to successfully 

achieve this aim in their own classrooms.

As identified earlier, the findings of this thesis highlight a discrepancy between 

much academic writing on practice in science education and practice itself. 

This suggests that how biology/science teachers really work in their classrooms 

is being ignored in the literature and therefore there is a real need to know more 

about their actual everyday practice. Consequently, further research exploring 

biology/science teachers' perspectives of their practice and revealing their well 

thought out and clear rationales for acting as they do in their classrooms would 

seem to be important. It is only through developing our knowledge and 

understanding of teachers' practice that we will be able to institute policies for 

professional development that will have a chance of being successful in that 

they will build on an understanding of where teachers are.

In addition, there is also a need for research that does not ignore what teachers 

know, believe and do. The fact that many interventions in science education 

have had limited success in the classroom are testament to the need to value 

and encourage this sort of research. More collaborative research in which 

teachers have the opportunity to bring their practical knowledge to bear on the 

formulation of research questions would be particularly useful as well as
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engaging teachers in research projects that are interested specifically in them 

and their concerns about their teach ing.
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Appendix A

A copy of the three teachers' syllabuses outlining the 
content comprising the different topic areas they taught 
during their respective units-of-work

John AEB Biology (Advanced) Modular 0601 1998

(d) Transport

Module 3

Supply and Demand in Living Organisms

Content Notes
3.9 The blood system of a mammal transports metabolites between exchange 
surfaces. (4.9B)

The advantages of a double 
circulation over a single circulation. 
The general pattern of mammalian 
circulation.

The structure of arteries, veins and 
capillaries in relation to their function. 
The histology of blood.

The roles of haemoglobin and
hydrogencarbonate ions in the
carriage of respiratory gases and the
control of blood pH.
Oxyhaemoglobin dissociation curve
and the Bohr effect.
The importance of capillaries in
metabolic exchange.
The formation of tissue fluid and
lymph and their return to the
circulatory system.

Names only required of the carotid 
artery and of blood vessels entering 
and leaving the heart, liver and 
kidneys.

Confined to recognition of red blood 
cells, lymphocytes, monocytes and 
granulocytes in stained smears. 
Candidates should be aware that 
different organisms possess different 
types of haemoglobin with different 
oxygen transporting properties.

Details of the lymphatic system are 
not required.
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3.10 The heart and circulation continually adapt to meet the varying demands 
of the body. (4.1 OB)

The gross structure of the
mammalian heart in relation to
function.
Pressure and volume changes and
associated valve movements during
the cardiac cycle.
Myogenic stimulation of the heart
and transmission of the wave of
excitation.
Nervous and hormonal control of
heart rate in relation to changing
demands.

3.11 Humoral and cell-mediated immunity play critical parts in the body's 
response to antigens. (4.11B)

Roles of sino-atrial node and atrio- 
ventricular node and bundle of His.

Definition of antigen and antibody. 
The concept of self and non-self.

Phagocytosis and the subsequent 
destruction of ingested pathogens.

The essential differences between 
humoral and cellular responses as 
shown by B-lymphocytes and T- 
lymphocytes. The role of plasma 
cells and memory cells in producing 
primary and secondary responses. 
The immunological aspects of 
transfusing blood and transplanting 
organs.
The production of monoclonal 
antibodies and their use in enabling 
the targeting of specific cells and 
chemicals.

Principles should only be stressed in 
this section. The function of cell 
types other than those specified and 
the classes of immunoglobulins are 
not required.



CatherineAEB Biology (Advanced) Non- modular 0607

Section 1 The Organisation of Living Organisms

344

1999

Content Notes

1.6 Aerobic and anaerobic respiration produce ATP which is the immediate 
source of energy for all cell activities.

The utilisation of different respiratory 
substrates and the determination, 
calculation and interpretation of RQ.

The release of energy from 
carbohydrate by aerobic respiration. 
Glycolysis, the Krebs cycle and the 
electron transport system. 
The role of the cytoplasm and 
mitochondria in these processes.

RQ should be considered with 
reference to lipid, protein and 
carbohydrate.

This process should be 
considered only in such detail as 
to show that:

• glycolysis involves the oxidation 
of glucose to pyruvate with the 
net gain of ATP and reduced 
NAD;

• acetyl coenzyme A is produced 
from the combination of pyruvate 
and coenzyme A;

• acetyl coenzyme A combines with 
a 4-carbon molecule to produce a 
6-carbon molecule in the Krebs 
cycle;

• in a series of oxidation-reduction 
reactions, Krebs cycle generates 
reduced coenzymes and ATP by 
substrate phosphorylation and 
carbon dioxide is lost;

• oxidative phosphorylation leads to 
the aerobic generation of ATP via 
a chain of electron carriers;

• aerobic respiration is more 
efficient than anaerobic 
respiration in terms of ATP 
production.
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Content Notes
The production of ethanol or lactate 
and the regeneration of NAD in 
anaerobic respiration. 
The role of ATP as an immediate 
source of energy in active transport, 
glycolysis, photosynthesis and other 
metabolic processes.
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Sa//y NEAB Biology (Advanced) Modular 4164 1999

BY03: Physiology

Topic

3.5
Digestion 
in 
mammals

Knowledge, skills and 
understanding

Mammals have a gut to digest, 
then absorb food. The 
generalised structure of the 
mammalian gut wall. The 
movement of food through the gut 
by peristalsis. The sites of 
production and action of the 
following:
Amylases, endopeptidases, 
exopeptidases, lipase, maltase 
and bile.
Mechanism for the absorption of 
food by the ileum.

Candidates should:
• Be able to relate modifications 

of the generalised structure of 
the gut wall in the oesophagus, 
stomach, ileum and colon to 
the functions of these organs

• Understand the role of the 
nervous reflexes and the 
hormones gastrin, 
cholecystokinin and secretin in 
the control of digestive 
secretions.

Possible learning experiences

Investigating the effect of bile salts
on the rate of fat digestion by
lipase.
Using colorimetry to investigate
starch digestion.
Investigating protein digestion
using photographic film or egg
albumen.

Investigating digestion and
absorption using visking tubing as
a model gut.
Microscopic investigations of gut
sections.

Using secondary sources to 
investigate the development of 
understanding of the control of 
digestive secretions.
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Appendix B

A copy of the introductory letter sent to all three teachers 
inviting them to participate in the project

University of Oxford Department of Educational Studies
15 Norham Gardens 

Oxford 
OX2 6PY 

Date

Name
Address of school

Dear.............

'A' Level Biology Teaching Research

I am a first year D.Phil, student in the Department of Educational Studies at Oxford 
University. At the present time I am planning a project that will investigate the 
teaching of 'A' level biology. Your name has been recommended to me by the LEA 
Science Advisor, ............. and the Tutor for Biology at the Department of
Educational Studies, .............. as an expert 'A' level biology practitioner.

I am writing to ask you if you would be interested in being involved in such a project 
and if so if it would be possible to meet up with you.

If you are interested please could you contact me either at the Department on 01865 
274001 or at home on 01865 559877. Please leave a message on the answer 
phone if I am not there.

Thank you very much for you time. Looking forward to hearing from you soon, 

Yours faithfully,

Alison Black
D.Phil. Research Student
OUDES
15 Norham Gardens
Oxford OX2 6PY

Tel: 01865 274001
Email: alison.black@areen.ox.ac.uk
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The written summary (resume A) of the research project 
presented to John during the introductory meeting

Research project

Area of interest

• My project is all about trying to understand, from your perspective, how you teach 
biology successfully at 'A' level

• In particular I am interested in getting you to talk about what it is you are doing 
when you are teaching biology successfully at 'A' level and why you teach 
biology in the particular ways you do

Data collection

1. Exploratory interview - the purpose of this interview is to find out something 
about you - your educational background, your employment background, how 
you came into teaching and so on

2. Unit-of-work interview - the purpose of this interview is to talk a bit more about 
the unit-of-work you will be teaching (How many lessons will there be? Will any 
of the lessons be practicals? And so on)

3. Period of familiarisation - a chance for me to get to know you and your class a 
bit better and to practice with the radio-mikes and tape recorders (1 or 2 lessons)

4. Post-lesson interview - after each lesson I will interview you as soon as 
possible. This will involve asking you what you thought was good biology 
teaching at 'A' level in the observed lesson - we shall explore what you say in as 
much detail as we can for as long as you like (this may take anything from 
10minsto SOmins)

Alison Black
D.Phil. Research Student
OUDES
15 Norham Gardens
Oxford
OX2 6PY

Tel: 01865 274001
Email: alison.black@qreen.ox.ac.uk
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The written summary of the research project presented 
to Catherine and Sally (resume B) during the introductory 
meeting
Research project

Area of interest

• My project is all about trying to understand, from your perspective, how you 
teach biology successfully at 'A' level

• In particular I am interested in getting you to talk about what it is you are doing 
when you are teaching biology successfully at 'A' level and why you teach 
biology in the particular ways you do

Data collection

1. Exploratory interview - the purpose of this interview is to find out something 
about you - your educational background, your employment background, how 
you came into teaching and so on

2. Unit-of-work interview - the purpose of this interview is to talk a bit more 
about the unit-of-work you will be teaching (How many lessons will there be? 
Will any of the lessons be practicals? And so on)

3. Period of familiarisation - a chance for me to get to know you and your 
class a bit better and to practice with the radio-mikes and tape recorders (1 or 
2 lessons)

4. Long post-lesson interview - here I will ask you what you thought was good 
biology teaching at 'A' level in the observed lesson - we shall explore what 
you say in as much detail as we can for as long as you like (this may take 
anything from 10mins to SOmins)

5. Short post-lesson interview - here I will ask you to identify episodes/isolate 
instances of your good/successful teaching of biology in the observed lesson 
so that we can discuss them further, a day or so later, in the vignette interview 
(this will take about 5 mins max)

6. Vignette interview - this will involve me playing back sequences from the 
observed lesson, identified by you in the short post-lesson interview, that you 
regard as instances of good/successful teaching of biology at 'A' level in your 
classroom. I will ask you to listen to the sequences and stop the tape when 
you feel you are engaging in good/successful teaching of biology. When you 
stop the tape I will ask you some questions about the passage of lesson tape 
you heard (this will take anything up to an hour).

Alison Black
D.Phil. Research Student
OUDES
15 Norham Gardens
Oxford OX2 6PY

Tel: 01865 274001
Email: alison.black@qreen.ox.ac.uk
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A copy of the letters sent to key gatekeepers in two of 
the teachers' schools to seek their support for the project

University of Oxford Department of Educational Studies
15 Norham Gardens 

Oxford 
0X2 6PY 

Date

Name
Headteacher 
Address of school

Dear.............

'A' Level Biology Teaching Research

I write to seek your approval to work with one of your colleagues, ................ in the
Science Department at........................ .

I am currently a post graduate student at the Oxford Department of Educational 
Studies researching into the teaching of 'A' level biology. The project involves a 
number of teachers in Oxfordshire schools and ................ has been recommended
by both the County and Department as an expert practitioner.

I have been in touch with ............... who is willing to work with the project. It
involves several interviews with her and observations of her teaching this half term.

I very much hope that you will be happy to let me work in your school. 

Yours sincerely,

Alison Black
D.Phil. Research Student
OUDES
15 Norham Gardens
Oxford 0X2 6PY

Tel: 01865 274001
Email: alison.black(a>qreen.ox.ac.uk
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University of Oxford Department of Educational Studies
15 Norham Gardens 

Oxford 
OX2 6PY 

Date

Name
Head of Science
Address of school

Dear.............

'A' Level Biology Teaching Research

I write to seek your approval to work with one of your colleagues, ................ in the
Science Department at........................ .

I am currently a post graduate student at the Oxford Department of Educational 
Studies researching into the teaching of 'A' level biology. The project involves a 
number of teachers in Oxfordshire schools and ................ has been recommended
by both the County and Department as an expert practitioner.

I have been in touch with ............... who is willing to work with the project. It
involves several interviews with her and observations of her teaching this half term.

I very much hope that you will be happy to let me work with ............. in your
Department.

Yours sincerely,

Alison Black
D.Phil. Research Student
OUDES
15 Norham Gardens
Oxford 0X2 6PY

Tel: 01865 274001
Email: alison.black@qreen.ox.ac.uk
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A copy of the confirmation letter sent to the three teachers 
upon their agreement to participate in the research project

University of Oxford Department of Educational Studies
15 Norham Gardens 

Oxford 
OX2 6PY 

Date

Name
Address of school

Dear.............

Just a quick note as promised about the research this half term. I shall be coming in 
on the following dates:

• Exploratory interview - basically an opportunity for me to find out a bit more 
about you, your educational/employment background, what brought you into 
teaching and so on (date and time)

• Period of familiarisation - an opportunity for the class to meet me and learn to 
ignore me (!) and also for you and I to get used to the workings of the 
recording equipment and radio mikes (dates and times)

• Unit-of-work interview - basically an opportunity for you and I to talk a bit more 
about what you are going to teach and arrange some practical things e.g. how 
to get the equipment to you before the lesson starts etc. (dates and times)

• Lessons (unit-of-work): (dates and times)

I hope that this suits you. If you are unsure about anything or want to talk to me a bit 
more about something then please phone 01865 274001.

Thanks so much for all your help. See you soon. 

Best wishes,

Alison Black
D.Phil. Research Student
OUDES
15 Norham Gardens
Oxford OX2 6PY

Tel: 01865 274001
Email: alison.black@qreen.ox.ac.uk
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Appendix C

A copy of the exploratory interview guide complete with 
prompts/supportive questions

Exploratory interview

Introduction

Brief resume of the purpose of the interview and a quick run through of the areas of 
interest.

Section 1: Educational background/life history

Can you tell me something about your educational and employment history from the 
age of 16 onwards?

Prompts/supportive questions:
What subjects did you take at 'A' level/equivalent?

Why did you choose to take those subjects?

What did you do when you finished school?

Why?
What subject did you take at degree level?

Why did you choose to take that subject?

What did you do when you finished university?

Where did you do your training?

What was it like?
Did you go straight from training into your first teaching job?

How long /many years have you been in your current job?

What did you do in-between?

Can you tell me what you did before becoming a teacher?
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Section 2:Why teaching?

Can you tell me something about why you became a biology teacher? 
What made you go into teaching?

Possible supports/prompts:
- possible influences?
- possible rewards?
- job satisfaction?

Section 3: Life history as an 'A' level biology teacher/course/school students 
and current group

How many years experience have you had teaching 'A' level biology? 
What course(s) have you taught in the past?
Have you been teaching 'A' level biology all the time that you have been at this 
school? (make sure that you clarify this - how many years?)
Have you been teaching the same course all the time you have been here?
What course before?
What course now?
Linear/modular
How do you feel about the course you do now in comparison with the previous one?
Can you give me an outline of the course? What are the main components of the 
course?

Prompt with:
Fieldwork, coursework, experiments e.g. can you tell me something about the
fieldwork element to the course? etc.
What do you think of the course?
Are there things that you would include or get rid of from the course?
What are students like that take biology for 'A' level at this school?/ln general how 
would you characterise the students that come and do 'A' level biology here?

What are they like in terms of ability?
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Prompt:
Boys/girls, scientists/artists, intelligent/not intelligent

Can you tell me a bit more about your current group of students?

Section 4: Perception of teaching 'A' level biology:

What do you enjoy about 'A' level biology teaching?
Are there any areas of your teaching of 'A' level biology e.g. the students, the 
syllabus etc. that you find frustrating?
What are your overall aims/goals as an 'A' level biology teacher?
Key thing that you feel is important about your teaching e.g. getting your students 
through their 'A' levels, encouraging them to develop into independent learners etc.

Why do you think biology is an important subject to study at 'A level? If you had to 
make a case for the inclusion of the subject what would your case be? Why is it 
valuable?
Is there anything else you'd like to say that I haven't given you the chance to?
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A copy of the unit-of-work interview guide complete with 
prompts/supportive questions

Unit-of-work interview

Introduction

Purpose of the interview is for the researcher to gain more understanding 
of/familiarisation with the content of the unit of work. Also to make some 
organisational and practical arrangements.

Section 1: Overall unit

How many lessons/periods for the unit overall?
Can you tell me about your overall plan for the unit of work?

Section 2: Breaking it down - lessons

At this stage have you got plans to break this down into individual lessons? 
Can you tell me about these?
At this stage what kinds of teaching and learning strategies have you got in mind? 
What sorts of things are you hoping to do?

Section 3: Assessment

In your plans do you have any ideas about assessment? 

Section 4: Reasons for this 'unit of work'

Can you tell me why you chose this 'unit of work'?
Have you taught this unit before?
How often have you taught this?
Is there anything else you would like to say?
Are there any questions you would like to ask?
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Appendix D

Interview transcripts from each type of interview used in 
this study: 'short' and long post-lesson interviews' and 
vignette interviews

Lesson 2

Case 2

'Short post-lesson interview'

Key:
A= me in the interview
C = Catherine in the interview

1 C: Trial and, trial and error, and you never know how they will react, and they got
2 really-, oh isn't it silly, are you listening to me here? You are aren't you!
3
4 A: Is that all right?
5
6 C: Yeh (**) Did you think oh my goodness! [ ]
7
8 A: Um, now this is a short one isn't it?
9

10 C: Yep, no, this is only a shortie, shortie one.
11
12 A: Thursday's the longer one isn't it?
13
14 C: So is there anything you want to find out?
15
16 A: Yeh, yeh basically all I want you to do is try and isolate for me episodes of that
17 lesson that you felt were good teaching of biology.
18
19 C:No(**)
20
21 A:Soovertoyou!(**)
22
23 C: Right, I kept saying you can do it, you can do it, you can do it, cause this is
24 really, technically it's very difficult and really pr-, I mean I really felt I had to praise
25 a lot and I did when they got it. You saw how they would respond to that, there's
26 a lot of excitable-, and you just have to allow for that I think, I think, you know. I
27 tried to get them back because I knew I wanted to get them to that stage today
28 [Catherine points to the blackboard behind her which has a big diagram of
29 glycolysis on it], um, but (**) [ ] but I think they enjoyed what they were doing. I
30 don't know if they, did you get that impression? I think they were enjoying, you
31 know, just because it's, it's something that they had to challenge themselves to
32 get it done, um, there were little things that I should have done before like tell
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33 them about the dye and so on, but which obviously I, you know, I'll remember
34 next time, but you forget that when you try and-, at least I forgot, no I think, urn,
35 right now getting them to predict and to work out-, urn, I felt we had to take-, we
36 had to-, I had to make sure that I-, within the teaching, that there was an element
37 where they could take this experiment to its logical conclusion because I'm not
38 sure they're going to work, urn, and so I felt it was important to do that and I think
39 they certainly got that. They are on the ball a lot of these, they're really very good,
40 urn, and demonstrating, helping the, helping when things went wrong to try and
41 make myself available as much as I could, um, and it is fortunately, you know,
42 you've only, I only have four groups here but I think I was able to spread round
43 them and to make sure that they were seeing, excuse me, that they could do
44 something and responding to things like 'oh help it's going to die', you know,
45 (**) [ ]. You know, you could have taken the view with Amanda that the others
46 take that it's only a maggot kill it, you know, (**) but, um, no then. And rounding it
47 off with, you know, them-, getting them to-, getting them to talk through
48 something I thought which was, I hope is good biology teaching and what I try to
49 do with this every time is to get them to improve the method which was the
50 business of, um, how the control was better, so improving the very thing that they
51 were doing within that [ ]. And there was nothing else that was good, it was all
52 rubbish (**).
53
54 A: Can you isolate then, um, the actual episodes that were good teaching of
55 biology, I mean I think I can find the one on the control cause you were standing
56 back there
57
58 C: Yeh, yep, yep, yep.
59
60 A: And the predicting, what was that one? Can you just remind me of that?
61
62 C: That's when I said to them we don't have to write a long method. I want you to
63 make notes on the bits of the method that are not identified in the pictures,
64 cause they were sticking the picture on, um, because there's no, you know,
65 there's no need for them to do that so they had to mention how they got the dye
66 in and things like that, and how they set it up, and then I said and at that stage I
67 want you then to predict well what's going to happen and work out why, and
68 that's when we, and then we talked about it, well they, I talked about that with
69 individuals, so I went round to try and make sure that everybody was able to tell
70 me why the dye would move in that direction, so I would think that was, why, a
71 good piece of biology. Oh, and another good bit was the getting used to the
72 apparatus, practical skills, learning how to use different bits and things.
73
74 A: Right, so I can get that one.
75
76 A: Um, any other good episodes, good instances of biology teaching that you
77 were particularly happy with?
78
79 C: The awareness of the animals I think is good. I mean I made them handle
80 them first, and that is, er, that's a genuine ploy to make them aware of the fact
81 that it is a living organism. We-, I related it to us. I said 'this organism is doing
82 exactly the same as you' and although you had-, because Emma and Nerissa
83 weren't here to start with, 'I'm not handling maggots', everybody handled a
84 maggot in the end and doing it myself, quite, because it's a living organism is
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85 showing that. So the respect for living organisms I would think is a useful, but
86 you can't get that off the tape, that was an action (**). You saw me do that [ ]. But
87 I expected this lesson to be very, um, it will have no structure to it, well no
88 prescribed structure. You're not sure how it will go. I would never, I would never
89 be able to predict, but it was all right, because once you, I always think that if you,
90 you're timing, ah, that's the other thing I didn't, we didn't talk about at all in the
91 last lesson was timing. I think I usually can manage timing quite all right.
92
93 A: So any other episodes of good biology teaching?
94
95 C: Well you've got the control, you've got the predicting, you've got the respect for
96 animals, and handling, and responding to the animal, and again at the
97 beginning, um, the recap, and I used what I had done on Friday. I have to say,
98 Friday was brilliant. I had 16 non-chemists in here Friday. I wish you'd been
99 here, not a single chemist, and I was able to take them to that. [Catherine points

100 to what is written on the board about glycolysis] And I had to really enthuse (**).
101 You should have seen me, I thought you should have been here for that
102 because of course you have to, you know, with something like this they could
103 just so, um, completely switch off []. Emma is an able girl, but she is, she's very
104 unsure sometimes of herself, and she will want to be [] but it's nice to, er-. The
105 other thing is to make sure that, to use each other, and to use the strengths of
106 some students to use, you know, both Tanya and Paul do a lot of chemistry and
107 they use their strengths to explain the oxidation and reduction. Oh it is a terrible
108 topic isn't it! (**). Anyhow, that's it.
109 A: Yeh and, any other things?
110
111 C: No (**) rubbish.
112
113 A:(**)
114
115 A: Anything else you want to say?
116
117 C: No thank you!
118
119 A: That's ok (**)

Interview ends
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Lesson 5

Case 3

'Long post-lesson interview'

Key:
A= me in the interview 
S = Sally in the interview

1 A Can you tell me what you thought was successful A level biology teaching
2 in that lesson?
3
4 S: Right. I debated whether to go through the question or not and I decided
5 yes I would because I knew they wouldn't have done all of them, or that
6 they would have had problems with some and I also thought it would be a
7 good opportunity to bring in some exam papers. I think that was sort of
8 successful A level biology teaching, that I could actually show them some A
9 level papers. I didn't photo copy the questions, because we haven't got

10 much money, and therefore I needed to make it-, if, it would have been
11 better if I could have given them a question sheet and they could write on it,
12 but they will actually see those questions again, because before the exam
13 we do revision, we do revision of all past papers, so at least I referred to it,
14 shown it, waved it around, so that was a good point, going through the
15 questions enabled me to do that, but I suppose I could have stood at the
16 front of them and talked it through and that would have allowed me to do it,
17 but going through the questions also allowed me to find out the bits that
18 they found difficult and therefore to pick up on, so they are my two little bits.
19 Oh the other thing what, that going back to because some of the modules
20 are core modules, so I went back to those a number of times, you have to
21 keep doing that because otherwise they forget that they ever had to know
22 that, and then it's a shock when they're sitting the exam and think, 'this is
23 processes of life and I haven't learnt it', and also I was able to go on to
24 excretion which I'll be talking about later. I think the more you can drop little
25 bits in like that, the more the biology becomes easy to understand. You
26 can see where things link in rather than just seems two separate little
27 boxes like today is digestion, today is excretion, whereas you should relate
28 the things together, so I was able to do that.
29
30 A Anything else?
31
32 S: That's it I think.
33
34 A Ok. Can I pick up on the, on what you just said about excretion, um, drop
35 little bits in. Can you tell me a bit more about that? Can you expand a bit
36 for me about what you mean?
37
38 S: There are some concepts like excretion, and defecation that actually get
39 confused, and they get confused as to what really is excretion, so it's nice if
40 you can, it's useful to be able to do those, talk about those sort of things as
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41 many times as possible and that's what I was trying to sort of do, you
42 know, use an opportunity to mention excretion, 'lets do it, what is an
43 excretory product, waste produced by metabolism', and then later we'll be
44 able to mention it again. When we do excretion then at least we will have
45 said that, and I can then relate back to when we were talking about bile
46 pigments, and 'do you remember?' It's just reinforcing things, which they
47 need a lot of that.
48
49 A Dm, then you said this lesson gave you an opportunity to go back to pro
50
51 S: cess. Yes.
52
53 A The core modules. Why is that successful? What were you doing and why
54 was that successful A level biology teaching?
55
56 S: If you don't link back to the core modules, they will just assume that they've
57 done-. One of the dangers of doing a module course is when they've done
58 that particular module they say 'that's it, I've finished that, I can put it away
59 now', although in actual fact you can't because biology doesn't work like
60 that, you can't really put down, you can't put down the concepts, and in
61 particular the ones that the exam board have decided as a core module.
62 You have to keep referring back to, so again it's, you know, the more times
63 you can reintroduce them, like the enzymes, specificity of enzymes, pH of
64 enzymes, it's all in the processes of life and they are expected to know it.
65 But again it's a concept which goes all the way through biology, and I don't
66 think you can stop talking about such things if you want to understand
67 biology as a whole subject and not as little separate compartments. So
68 it's to stop them thinking, 'this is a module, done that module, forget it',
69 which is a danger.
70
71 A You said something about, um, you debated whether to do the, whether to
72 go through the questions, can you tell me a bit more about what you were
73 doing throughout that bit of the lesson and why you were doing it that way?
74
75 S: Well I could have stood at the front and gone through the process of
76 digestion from mouth to sort of end again. Um, they'd produced
77 information for little groups, so I didn't really want to do that. I wanted them
78 to have an input, a bit more of an input into it, and I suppose I decided that
79 answering the questions was the best way to do that. And that, it just lent
80 itself to breaking it down, handed out sheets on the gut, going through
81 questions. It gave me something to focus on and them something to focus
82 on.
83
84 A What about the exam papers bit, the exam questions that you read out?
85
86 S: They need lots of practice into, um, the style of exam questions, um, how
87 examiners think I suppose, because I mean part of it is exam technique,
88 and of course the more times you can introduce that the better. I don't think
89 it does them any harm in seeing something twice, once where you just
90 discuss it and then the next time they have to do it. But I mean that is really
91 just for exam purposes, getting them through.
92
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93 A Can you tell me what you were doing when you had the questions,
94 because I sort of missed this bit because my microphone business, could
95 you tell me what you were actually doing?
96
97 S: Right, I'd come to the relevant bit in the questions, and I knew there was a
98 question on the gut wall, on the stomach, which they'd actually looked at
99 the sections of last Friday, so I sort of said, 'Here is the question, this is

100 structure March 1998, this is what the picture is of, this is what the question
101 was asked'. Part of it I think is also so that they are not frightened of the
102 question, because seeing a face, a picture sometimes you do get a bit
103 thrown, but if you can answer, but if you have, can stand in front of them
104 and say, 'look this, you've seen slides of this, you've drawn this sort of
105 thing and all it's asking you is what are the muscles for in the stomach?' I
106 mean they, that particular group have actually said that it would be a good
107 idea if I stood in the front of an exam room and interpreted the question.
108 They need a lot of help on that. Confidence mainly, which is why they
109 mumble and talk quietly, [ ], so I was trying to just get them to think, 'Ooh
110 that's not a difficult question', and breaking them down into little bits rather
111 than 'there's a question do it'.
112
113 A Right. Dm, I think that's it. Is there anything else you would like to say that
114 you felt was successful, that you want to sort of talk about?
115
116 S: No I don't think so. I think they were the main points I felt about the lesson.

Interview ends
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Vignette interview 1

Case 1

Key:
A= me in the interview
J = John in the interview
J=John in the lesson
S(s) = More than one student answering a question or talking at once.
Ethan, Harvey, Joe, Helen, Sarah, Sam, Euan, Clare, Jess, Finn and Chloe =
students in the class

1 J: [J reads off the handouf\ Monoclonal antibodies. It has long been the
2 dream of scientists and doctors to produce a drug that could kill microbes
3 without affecting any other cells of the body. So far no drug can quite do that
4 even the best drugs occasionally produce harmful side effects. In 1975
5 scientists working in Cambridge took a step nearer the dream when they
6 discovered how to produce substances called monoclonal antibodies.
7
8 [J addresses the class] Now you might know someone, or even yourself,
9 who has to have injections of antibodies

10
11 [J stops the tape]
12
13 A: Ooh yep, definitely can, can you?
14
15 J: Open the parcel! Right (**)
16
17 A: Can you, sorry?
18
19 J: Unpack that?
20
21 A: Can you tell me why you stopped that?
22
23 J: I can tell you why. I stopped that because I asked them whether they knew
24 anyone who had antibody injections, and, and some of them might have done,
25 and I think it was just bringing some real life stuff. We'd gone through-, I was
26 reading there from Robert's, often, um, kids often see textbooks as being I think
27 in some way disjointed from everyday biology and they don't really understand
28 that Mr Robert's is a person who, er, you know, has written good textbooks and
29 he is actually someone who knows a bit about biology. He is a human being
30 and they seem to think that these textbooks come from professors stuck up in
31 ivory towers and so we'd been through all that and then to actually bring things
32 down to earth, 'does anyone know anyone who has antibody injections?'. Now
33 it, there's a very slim chance that anyone did but it might just get them thinking
34 about 'why would someone want antibody injections? I've never heard of that,
35 well fancy that', you know, 'what do these antibodies look like? How do they get
36 them in you? Where would they get them from?' Those sort of questions.
37
38 A: Uh um, anything else you want?
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39
40 J: No, I think we'll go on and listen.
41
42 A Urn [ ] sorry I'm a bit of a novice at this.
43
44 J: It's all right, you go, yeh so am I!
45
46 A: So, ok?
47
48 J: Yep.
49
50 A: Continue, yep, continue.
51
52 [J starts the tape again]
53
54 J: because they are lacking certain antibodies. I know someone who I used
55 to work with actually on the farm, and he used to-, he was forever getting
56 cold, er, chest infections verging on, well, pneumonia a couple of times and
57 pleurisy and all sorts of things, and they couldn't work out why he was getting
58 this so he went in for tests and they realised that he was lacking the
59 antibodies that fight bac-, certain bacteria that cause chest infections. Now,
60 what are the options, imagine if you were a, if you had anything at your
61 fingertips, what could you do for someone who did not have the right
62 antibodies?
63
64 Helen: Cure them.
65
66 [J stops the tape]
67
68 J: Right, 'what could you do?', gets them to think. That's why I've done that
69 rather than saying 'the first thing you could do is give them such and such, the
70 second thing is this' because they don't want to be, um, well they probably do
71 want to sit there and have, be spoon fed but they're not going to be spoon fed
72 because it won't get them very far when they come to actually sit the exams and
73 go on to develop further study, so, I mean posing the question, you know, can
74 anyone come up with any suggesting, you've heard enough from me get
75 yourself thinking now.
76
77 A: Uh um, can you tell me what it is about that, what you've just heard that makes
78 it a 'good' piece of A level biology teaching?
79
80 J: I think it's get, it's posing a question, um, asking them to think about a
81 solution, a problem solving exercise if you like. I've told them that the situation
82 exists, the problem exists, so how, 'how did they sort this poor chap out if he
83 didn't have enough antibodies? How would you do it?' Put yourself in his
84 shoes. Problem solving.
85
86 AUm
87
88 [J starts the tape again]
89
90 J: Cure them, right how are we going to cure them?
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91
92 S(s):Getthemto[A]
93
94 J: Right you obviously realise, the first thing you could do is you find the right
95 antibody and inject them with antibodies to do the work. What is the
96 drawback of that?
97
98 Ethan: [A]
99

100 J: Got to keep doing it. Good! Why? Why is that not a drawback for us, people
101 who make our own antibodies?
102
103 Harvey: Cause you don't realise you're doing it.
104
105 J: It's going on all the time isn't it? We're topping up, we're forever
106 synthesising or making more antibodies or we're ready to make them. When
107 we were born we had B lymphocytes that were ready to produce antibodies
108 when that antigen arrived. Now this chap, I don't know what happened, either
109 he didn't get that B lymphocyte from his mother when he was born or it just
110 doesn't work anymore, for some reason it doesn't produce those antibodies
111 so he has to have an injection, I think it's every two months or something,
112 actually rigs up a drip and just sits there, watches tele and happy as anything,
113 and this drip just feeds him antibodies so he can fight that infection if he gets
114 it. The question is, how do you, where do these antibodies come from? Yeh,
115 in our own case they are our own but how do you start giving someone,
116 someone?
117
118 Joe: You have to make them.
119
120 J:Yeh.
121
122 Chloe: From a dead person?
123
124 J: From a dead person, oh God, (**). The thought of it! Well I suppose you
125 could.
126
127 Harvey: Borrow them?
128
129 J: Borrow them, yeh, um, [students chattering], yep, the question was where
130 are we going to get these antibodies to give to people who haven't got them?
131
132 Helen: Clone them.
133
134 J: Clone them. Fancy that Helen, you're gonna clone them (**). And we clone
135 them by a process called monocloning or monoclonal antibodies. Now,
136 looking at our sheets, let's see what happens. [J reads from the sfteefj
137 Monoclonal antibodies are made by special cells and are proteins with the
138 amazing property of recognising foreign substances or antigens either in the
139 bloodstream or in tissues. This means that they are useful for helping
140 doctors to detect and treat many types of disease and will eventually help to
141 treat cancers in man. The special cells which make monoclonal antibodies
142 are called hybridomas and are made in test tubes by joining a special rapidly
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143 dividing cancer cell with an educated normal cell which knows which
144 antibody to make. So what type of cell will that be?
145
146 Ethan: A clever one.
147
148 Chloe: A B lymphocyte.
149
150 J: A B lymphocyte, yeh, a clever B lymphocyte. These hybridomas can
151 therefore divide and multiply vigorously producing large amounts of identical
152 monoclonal antibody molecules. Monoclonal antibodies can be used in the
153 development and manufacture of new vaccines. They are made to recognise
154 the virus protein which the body's own defence mechanism detects and can
155 be used to purify. [J has finished reading the sheet and addresses the class]
156 Right, so we're using them to produce antibodies basically. See the process
157 they get? They put an antigen into, in this case a mouse, notice that the, I
158 think it must be a bacteria, has antigens around it one, two, three, four. Why
159 have they drawn different shapes on those antigen things do you think?
160
161 [J stops the tape]
162
163 J: Is that about right? (**) That's what you hoped wasn't it? Right, that question
164 'why have they drawn different antigens?' was because I wanted them to link
165 back to what antigens were. I think when they're given a handout you are never
166 really sure whether they're with you or not, looking at it, what are they thinking of,
167 they might not be as, um, as inspired as I am (**) about monoclonal antibodies,
168 if that would be possible. So we-, I want to get them thinking again about these
169 antigens, what, because that was a very clever little diagram, the way they'd
170 drawn four or five different shapes. I guess when the person created that he or
171 she was thinking the very same thing, 'I could draw them all just circles' but the
172 fact that they were different shapes reminded them that antigens come in all
173 different types, yep?
174
175 [J starts the tape again]
176
177 J: They're specific, yeh, each antigen has a special shape, so a bit like the old
178 enzyme lock and key remember?
179
180 [J stops the tape]
181
182 J: There's a lot in there isn't there? A lot of biology, lock and key, there you are a
183 concept they've had rammed into them since Year 9 (**), and it's gradually being
184 proved further away from what actually happens but anyway we refer back to lock
185 and key systems, and it's again sort of reiteration, and I've talked about this
186 before but, um, what's the word called, repetition, where you keep reminding
187 them of concepts, that's what I'm always so keen to do rather than just facts,
188 because I've said to you, as you know, in the past I learnt a lot of my science by
189 having, by remembering facts which was the wrong way for me, um, probably
190 the wrong way for most people, but certainly for the way I think now I have to
191 unpick concepts and get to grips with them in my own mind, then apply them to
192 situations which is really what A level is all about, because when they go in for
193 an exam it's very unlikely that they will be faced with a picture of bacteria, for
194 example, with four or five different antigens shapes and be asked 'why are they



367

195 different shapes?', but what they might be asked is, 'why would, you know, only
196 one type of antibody suit a certain type of antigen?' Getting them to think about
197 different shapes and so on, so linking back to the lock and key concept is getting
198 them to again visualise the concept, that lock and key is, when you get to it, is so
199 visually effective cause they can see-, visualise in their mind shapes fitting
200 together which they have actually been doing for years since they've been tiny
201 kids, putting round things through round holes and they'll get, hopefully, you
202 know, that concept is reinforcing the idea of these antibodies. It is difficult,
203 you're on about a bacteria, you know, a minuscule organism with these
204 chemicals and we're drawing them as circles and squares on the side of the
205 bacteria and they don't look like that, you know, if you get an electron microscope
206 you don't see triangles, but you've got to understand, or they've got to
207 understand that these chemicals are important, the fact that they are different
208 shapes means that they lead to different things happening.
209
210 A: Dm
211
212 J:Ok?(**)
213
214 [J starts the tape again]
215
216 J: so it's a bit like that, in that goes to the mouse, the mouse produces lots of
217 antibody producing cells, like B lymphocytes get reproducing, if you fuse
218 them with tumour cells-, what's a tumour cell?
219
220 Sarah: One that rapidly divides.
221
222 J: One that rapidly divides, and if you fuse them a bit like what you saw Joe in
223 that cloning
224
225 [J stops the tape]
226
227 J: Going back to that 'what is a tumour cell?', they won't have come across
228 anything about cancer cells throughout the syllabus or GCSE or A level yet, and
229 that again that's, um, picking up content that they've learnt from everyday life,
230 cancer and tumours, rapidly dividing cells they would have heard from
231 somewhere, Tomorrow's World type of thing, er cause no-one, it's not taught at
232 GCSE, so, and I knew that, but, you know, I'm always interested to bring in stuff
233 that they've, they've got from other areas.
234
235 A: So what is it about what you said that makes it a 'good' piece of A level biology
236 teaching?
237
238 J: Again linking in everyday things, things that they've heard, concepts and ideas
239 that they've picked up outside of the class, because, it is, it's very easy to get, I
240 think, to get in some way isolated when you are doing A levels, you know, it's so
241 theoretical lots of it, they are walking around with big textbooks, big lever arched
242 files and they're thinking 'oh, you know, got all my A level stuff', but there's more
243 to it than that, because not all of them are going to be doctors or surgeons or
244 work in a med, you know, a medical field or plant biology field, and yet they're
245 going to be, um, having kids possibly or certainly working with other people and
246 if someone says to them, um, you know, 'such and such had cancer or had a
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247 tumour', you know, someone might quite likely say to them 'what is a tumour?'
248 or a, you know, a child saying 'why did so and so die because of cancer', you
249 know, 'what happened to them?' and I just think to be able to prepare yourself
250 for those type of things make is a lot about why we are here.
251
252 A: Urn, (**).
253
254 J: Yep?
255
256 A: Absolutely!
257
258 [J starts the tape again]
259
260 J: programme, if you fuse the two, then you fuse and confuse, there you are,
261 you fuse and confuse, because you've confused the tumour cell, it doesn't
262 know what, it's just there being a tumour cell, and it, but it's given
263 instructions in the form of what? What would the instructions be?
264
265 Harvey: Divide.
266
267 J: It would be to divide, but it's in the, locked in the DMA, good,
268
269 [J stops the tape]
270
271 J: Am I stopping too often?
272
273 A: Go ahead, stop away! (**).
274
275 J: Dm, there we go again, back to DMA for instructions, what is it that the, um,
276 what is it virus? No, what was I talking about?
277
278 A: Tumour.
279
280 J: Tumour, that's right, the tumour's going bonkers that's right and it's because
281 the DMA has somehow got mixed up and it's saying reproduce [A] so get them
282 back to mitosis, although I didn't mention that, but they, some of them will have
283 linked to cell division, mitosis, ok?
284
285 AUhum.
286
287 J: Am I linking back enough to, am I talking about good biology as opposed to-,
288 yeh, are you happy?
289
290 A: Yeh!
291
292 [J starts the tape again]
293
294 J: go round producing loads of antibodies, which is what it's been taught to
295 do, if you like, and it says there, description at the bottom, antigens are
296 injected into a mouse, the mouse produces antibodies, the antibody
297 producing cells are fused with tumour cells to produce hybridoma cells each
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298 of which produce the unique type of antibody and you can separate those,
299 and then, how would you go on and get more and more from each type?
300
301 S(s): [A]
302
303 J: Ethan?
304
305 Ethan: Clone the cells.
306
307 J: Yep, you could go on and clone the separate antibody producing cells,
308 Bob's your uncle, you've got billions of antibodies coming, all right? Now this
309 is the process they actually specify that, you know, about in the syllabus, it
31 0 came up didn't it Sarah?
311
312 Sarah: Um?
313
314 J: Didn't it come up in module three one of them?
315
316 Sarah: What was that? Sorry!
317
318 J: (**) What we're talking about, monoclonal antibodies!
319
320 Sarah: I think it did.
321
322 J: I thought it did, monoclonal antibodies. Ok, so I would keep hold of that
323 carefully, there is a similar description in Roberts on 4
324
325 [J stops the tape]
326
327 J: It came up in the syllabus, sorry, it's in the syllabus, and they do specify it.
328 Quite a nice, it's a tidy little bit. Monoclonal antibodies is something that, well,
329 we covered just there and then, and if you understand what is going on, you can
330 answer a question on it basically, so, and I think it's-, although I've talked about,
331 you know, teaching biology and learning biology for everyday life, at the end of
332 the day they've got to get through an exam, which I personally don't feel is the
333 best way of assessing their biological knowledge, but there's another can of
334 worms (**), um, they've got to get through it and just from time to time, you know,
335 I do link back to the syllabus, because to have a syllabus like we've got is such
336 an asset, because, um, I'm sure in the past, you know, teachers have taught
337 biology and they enjoy doing lah de da, and all, you know, everything that's under
338 the sun you could talk about, but you never know what-, which part of that's
339 gonna come up in the exam. At least with this syllabus content you can say
340 what, specify, this could be on so you jolly well need to know it, it's not
341 something to be stuffed in the back of your file.
342
343 A: So what is it about what you've just heard that makes it a 'good' piece of A
344 level biology teaching?
345
346 J: Well, I'm helping them. I'm giving them a tip. Ajungle tip.
347
348 A: Ajungle tip!
349
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350 J: And the jungle tip of the day then was, 'this bit of paper I'm giving you and what
351 we've just talked about has every chance of coming up, so understand it', and, in
352 a way, a sort of negative way, 'don't come to me in June and say 'Monoclonal
353 antibodies, there was a question on it 1 , you know, which for their benefit they
354 need to know, they need to be reminded, they don't see the value of a syllabus
355 like we do, so every possible point, you know, of help and advice I can give them
356 hopefully is the best way to do it.
357
358 A:Um.
359
360 [J starts the tape again]
361
362 J: which you are going to be looking at in a minute, um, but I thought this was
363 a bit more clear actually than his. Right, we've got one major section left and
364 that is the problems involved with transplanting organs and blood as it
365 happens, er, we won't write anything in addition to that apart from what you'll
366 write yourself.
367
368 Joe: Sir [A].
369
370 J: Would they think it was?
371
372 Joe: Yen.
373
374 J: [ ] That is a good, Joe has just asked a good question which is very valid.
375 Let's see if anyone's got the answer cause I'm having to think as well, um,
376 would the mouse not start rejecting the foreign antibody producing cells?
377 Would it not think that that was an antigen in itself?
378
379 Chloe: Well, had it been, if it, what if the antibodies had been taken from [A].
380
381 J: Yeh, that, that's the key.
382
383 Joe: No, I mean when you inject it into humans.
384
385 J: Oh, into humans. So, if you go around injecting antibodies, don't forget yeh,
386 so the antibodies are the chemical that is going to attack antigens, so what
387 you are saying is won't the body try and attack the antibodies?
388
389 [J stops the tape]
390
391 J: Gonna stop there, cause I confessed to not knowing the answer, and I've said
392 this to you before, didn't I, cause I said when I said 'Joe's got a good question
393 and I want you to think about it cause I don't know the answer either and I'm
394 having to think about it', um, and I, this, this happened before, and I can't
395 remember where, some other topic some other part do you remember? And I
396 said to you then that it is importa-, it is I think, it's important for them to realise
397 that there are things that we don't know, and to be quite honest with them, and a
398 similar thing happened this morning with Year 12's and I was doing
399 biochemistry and someone said to me 'did you do a chemistry degree?', and I
400 laughed, and I said 'no I certainly didn't', and they said 'oh we thought, you know,
401 we thought, you know, you were like a chemist as well' and they seem to think
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402 that because you talk about little snippets, you know, carbohydrates, and what
403 have you, and start drawing some structural formulae that they think you are the
404 walking expert on chemistry, and that happens a bit in biology, you know, they
405 think that you will know everything, it's a bit like going to a doctor and saying, you
406 know, there's a specialist that he will refer you too, um, so that was why I came
407 clean then cause I, cause I didn't, I didn't know, I'm still not sure myself now why
408 the antig-, antibodies produced by the mouse could be used, the only the two
409 options, well it's not relevant here, or is it? But there are two possibilities, one
410 they can get rid of the antigens on the surface of the antibodies so that we don't
411 recognise them, or two, they somehow get antibodies cloned in human cells.
412
413 [J starts the tape again]
414
415 J: no, yeh, but they do, they've got a whole bank, you go to the JR and they'll
416 say 'oh yeh you want antibody XY233, here you are, have some of that'. Now,
417 it won't have come from you, well from, come from the same person, so why,
418 I wonder if they can in some way
419
420 Ethan: wouldn't they, at the same time as injecting antibodies like they have
421 to do with, um, when they do a transplant, just give them something to stop
422
423 J: suppress it?
424
425 Ethan: Yeh.
426
427 J: Well, yeh, but the danger then, if you're, once you start suppressing or, um,
428 reducing the immune system, which you do when you have transplants, you
429 run the risk of having infections from other things, so every time you do your
430 antibody injection, you might get, start walking around getting flu and colds
431 and warts and all sorts (**). Helen?
432
433 Helen: What?
434
435 J: I thought you were going to say, did you not say something?
436
437 Helen: Yeh, if you do it every two months, and you suppress it, then you're
438 gonna get [A] aren't you?
439
440 J: Yeh exactly, so I don't think you suppr-, that's what, but that was one
441 option. I wonder whether they can't in someway change the antigens on the
442 coat, on the, that are coating the antibodies. When you have a vaccine for
443 example, say you have the polio or measles, rubella, your antibodies don't go
444 around trying to attack that do they?
445
446 Harvey: It's in the deadened form isn't it?
447
448 J: It's in the deadened form but it's
449
450 Chloe: don't they, they do, that's the whole point to try and remember [A]
451
452 J: This is where the memory cells come in you see. They are able to
453 remember what happened the first time so they'll go and do it again. I'm not-,
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454 the only way I can think is that somehow the antigens on the new antibodies
455 are neutralised or somehow changed and I don't know the answer but it's an
456 interesting point.
457
458 Joe: Sir, would the body reject the tumour cells?
459
460 J: Um, well don't, yeh, but the tumour cells aren't going back into the body,
461 don't forget all you're putting back in the body are antibodies, yeh, so the
462 tumour cells are out of the immune system. Right, transplanting,
463 transplanting
464
465 [A stops the tape. End of vignette 1]
466
467 A: Anything else you'd like to say?
468
469 J: No, I think I'm done on that one.
470
471 A: Right. Now, the second thing comes from the same lesson where there are a
472 group of students discussing brain transplants?
473
474 J: Uh
475
476 A: Um, so can you have a look at this one?
477
478 J: Yeh, yeh.
479
480 [J starts the tape again]
481
482 J: Talking of brain transplants, Harvey, why do they say a brain transplant
483 would be better off being called a body transplanting onto the brain? Have
484 you seen that? There's a question
485
486 Harvey: yeh yeh [A]
487
488 J: Is that what you're talking about?
489
490 Harvey: [A]
491
492 J: Yeh, why
493
494 Helen: [A]
495
496 J: Why do they say that?
497
498 Helen: Rather than [A]
499
500 J: Why?
501
502 Helen: You can't transplant a brain to a body.
503
504 J: Why? Why not?
505
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506 Sarah: Cause it has it's own personality.
507
508 J: Has it's what?
509
510 Sarah: It's own personality, doesn't it?
511
512 Chloe: Urn, the brain's connected to the body through the receptors and
513 everything, the brain's in control of the body isn't it?
514
515 Sarah: It would be different the way it would link up as another body would,
516 like a heart, it's not all the same the heart [A].
517
518 J: In what way?
519
520 Sarah: The way the body accepts it [ ] or more like, the brain is in control of
521 the body rather than the body in control of the brain. The brain is the control
522 centre so you can't really stick a control centre in someone else, you have to,
523 er
524
525 J: but you could do that with a car or a computer you could take out the, the,
526 what is it, pentium, whatever it is you have in these computers, you could, you
527 could take one from your computer which you could call the brain of it and
528 put it in mine and it would still work wouldn't it?
529
530 Sarah: No, you'd start again wouldn't you? You'd have to start all over again
531 wouldn't
532
533 Joe: cars don't have souls.
534
535 J: Sorry?
536
537 Joe: Cars don't have souls.
538
539 J: Ooh yeh, very interesting, cars don't have, cars don't have souls
540
541 [J stops the tape]
542
543 J: Um, I don't know whether this is, is this a good aspect of biology teaching?
544
545 A: You tell me.
546
547 J:Oh(**),um
548
549 A: I mean do you think you are teaching biology at the moment?
550
551 J: Oh definitely yeh, yeh, it's not something, urn, this type of teach-. What's going
552 on at the moment is not something that happens very often because they are
553 actually having really to think about a very unusual situation, but as unusual as it
554 would have been to have thought of putting a heart in someone fifty years ago,
555 so it may not, I mean, I, well I think it would be very diff-, the thought of putting a
556 brain or, you know, a brain transplant is, well who knows, but it does seem
557 highly unlikely and I would have said impossible, but then you don't know what's
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558 gonna happen in the future, er, so that, they've got really something to think
559 about. It's a very good piece in that book I think, written by the transplant man
560 and they seem-, people are fascinated by transplants, well they are certainly. I
561 think it is-, there's something weird about it that you are, as Joe was getting on
562 to saying about the soul, um, you know, and there is something slightly, um,
563 uncon-, well it's unconventional, sort of something that's not quite right about
564 putting someone else's organ into another person, it's just not natural, but it
565 can, you know, be a tremendous benefit for people and many thousands of
566 people have gained, got their life back from it, so it's just that, it's a really good
567 part of biology for them to think about the ethics, what it will be like I think to
568 actually be given someone else's organ or to give someone else part of you and
569 they, this group particularly were getting their head round it and really thinking
570 hard about what it would be like and was it possible.
571
572 A: Can you, sorry, can you tell me why you think that's an example of a 'good'
573 piece of biology teaching?
574
575 J: Well, again, it's very relevant to everyday life, they see things on tele they hear
576 about transplants, they'll hear more and more about rearing organs, animal, er,
577 human organs inside animals, going on in the future. When they're sort of
578 middle aged it will be, there'll be nothing unusual I'm sure about having a-, an
579 organ that had been grown in a pig or I don't know, some other, some way of
580 creating, you know, human tissue and organs outside of living organisms, who
581 knows? And it's just getting them to delve into the possibilities in the future and
582 try and bring in their, their understanding of, you know, what are the problems
583 with transplanting things, why is it so difficult? So it's, it's bringing in previous
584 knowledge, getting them to apply it to a sort of, a futuristic situation, problem
585 solving again in a way is underlying it all and almost open ended thinking. It's
586 not like, um, how do you make up a protein, well, you know, you do that from a
587 load of amino acids, that's the answer end of story, this is very much, um,
588 unknown, the thought of, er, putting a new brain into someone, it's this sense of
589 there not being a correct answer, it's a discussion point, people have been
590 discussing this for years, they still will as to whether it is right or wrong, so it's
591 an open ended problem, all right?
592
593 AUhum
594
595 [J starts the tape again]
596
597 Ethan: What's that to do with transplants?
598
599 Joe: Don't worry about that Ethan
600
601 J: but no don't
602
603 Joe: you'd have to start all over again though wouldn't it?
604
605 J: What do you mean don't worry about that! It's not
606
607 Ethan: it's an entire different way of thinking, it wouldn't be the same person
608 [A]
609
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610 Helen: No but it's irrelevant
611
612 Harvey: of course it wouldn't
613
614 S(s): [A]
615
616 J: Ok what about the memory? What happens if you take someone else's
617 memory?
618
619 Harvey: They wouldn't even know if they were being operated on!
620
621 Joe: They'd be like [A]
622
623 J: Habits?
624
625 Sarah: Wouldn't like, urn, the body would have, a certain body have some
626 habits right? And then a new brain there, what, what would happen then,
627 would it like be this sort of battle going on?
628
629 J: It would be like a battle between the old and the new wouldn't it?
630
631 Sarah: Like, um, the body's trying to tell the brain, um, that it's used to doing
632 something
633
634 J: but would the body tell the brain, because surely it's the brain that tells the
635 brain, if you haven't got another brain to tell your new brain that you're wrong!
636
637 S(s): Your body's [A]
638
639 Joe: Your brain's accepting the heart really, your brain's the control centre
640
641 J: ah, is your brain accepting the heart?
642
643 Joe: Yeh, cause doesn't your brain control everything?
644
645 J: What's the brain got to do with whether the heart is new or old?
646
647 Chloe: It doesn't, does it, cause the heart beats independently?
648
649 J: Yeh, what, what's the problem-, the problem with these transplants isn't
650 that the brain says ooh, new liver, new kidney, what's the, what's the problem
651 with transplanting these new organs, it's not the brain that causes these
652 problems, what is it that rejects the organ?
653
654 S(s): Immune system.
655
656 J: Immune system. It's the blood isn't it? It's nothing to do with the brain, you
657 wouldn't know, you wouldn't be able to tell whether you had a new kidney, you
658 wouldn't walk around thinking, 'God there's something strange here, would
659 you?' But you're-, as far as I know anyway, but your blood, you know, you'd
660 know about it, because you'd be in pain, there'd be all sorts of problems with,
661 um, rejection and so on.
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662
663 [A stops the tape. End of vignette 2]
664
665 A: Ok, can, can I play you a bit of the next one?
666
667 J: Yep no problem yeh.
668
669 A: So same pattern, so if I just play it, and when you think you're engaged in a
670 piece of good biology teaching, just stop that tape.
671
672 [J starts the tape again]
673
674 J: So why, why does the doctor give you antibiotics when you've got a viral
675 infection?
676
677 S(s): [A]
678
679 J: Antibiotics can't kill viruses full stop.
680
681 Ss: [A] spreading?
682
683 Helen: It stops them spreading!
684
685 J: But antibiotics don't have any effect at all on the virus. Chloe?
686
687 S(s): [A]
688
689 J: Nope.
690
691 Helen: Does it stop it spreading?
692
693 J: Nope.
694
695 S(s): [A]
696
697 J: What do you?
698
699 Harvey: [A]
700
701 J: Nope, it cannot effect viruses. The reason they give you antibiotics is
702 because when you have a viral infection, you, you're, um, you feel pretty low,
703 your defence is low which opens up, if you like, your immune system to
704 attack by a bacteria, so when you're coughing away and you've got a really
705 sore throat it's sore because the, you're making it all red and it's open to
706 infection, in comes bacteria and thinks heh while you've got a viral infection I
707 shall get in there so the antibiotics will prevent or will deal with a bacterial
708 infection. Now, quite often when you get a cold it can lead on to a chest
709 infection, so the reason the doctor will check your chest and so on is they'll
710 want to know if the, if you've got a bacterial infection as a secondary
711 infection,
712
713 [J stops the tape]
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714
715 J: Back to every day life again. That's what that is all about, I mean, very similar
716 to what I, what we talked about before about the chap who's antibodies, so
717 linking in this business about being given antibiotics when you've got a viral
718 infection cause that used to puzzle me, I used to think 'well cold's a virus why
719 am I having antibiotics'. There you are, ok?
720
721 [J starts the tape again]
722
723 J: so those bac, those antibiotics will do nothing to help your cold, your
724 streaming nose, your sore, might help the sore throat if it's a bacterial,
725 bacteria caused sore throat. Ok?
726
727 Jess: So there's nothing you can do for it?
728
729 J: There is nothing at the moment you can do for
730
731 Finn: isn't there a flu jab
732
733 J: well, that's prevention. You can immune, immunise people against viral
734 infections
735
736 Finn: [A] but if they can't cure it how can they immon, um, that word of the
737
738 J: immunise.
739
740 Finn: Immunise, that's it.
741
742 J: You're, oh
743
744 Finn: see, got you there didn't I!
745
746 J: No, you haven't got me, I'm just trying to think how to explain it. The flu jab
747 Finn
748
749 Finn: [A]
750
751 J: Yep, in a flu jab they will try and identify the current flu virus, now you
752 probably know that viruses change a lot and there are lots of different types
753 and people working in research will say this winter we accept, we, we expect
754 flu virus X to be the main cause of flu, so drugs companies will get producing
755 lots of virus X and doctors will get-, yeh they will kill it, radiate it, stop it being
756 dangerous and if you go for a flu jab they will inject you with virus X. Now as
757 we're going to come on and find out in a minute, your body will then produce
758 antibodies which can attack virus X if you get it, if virus Y comes along that
759 winter, you've wasted your time at the doctors.
760
761 Jess: How do they know which virus?
762
763 J: Well they, they're monitoring things, they're looking at outbreaks of
764 viruses, doctors will be feeding back into central registers at different parts
765 of the world. Viruses spread. They might start in China, for example, and
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766 spread across the world and you can almost see it coming, it can be that
767 obvious, if you get a flu epidemic like you do in this country sometimes, urn,
768 that is-, that flu epidemic might have been across America then it comes into
769 this country, yep in outbreak
770
771 [A stops the tape. Vignette 3 finished]
772
773 A: Right, now, just the final one. I am, this is, when, this is at the end of the
774 lesson when you were, the end of the same lesson when you were going
775 through what they'd done. You were doing a bit of a recap of what they'd learnt
776 in the lesson.
777
778 [J starts the tape again]
779
780 J: um, let's just recap what we know about defence against invasion of
781 pathogens. We have methods to stop invasion like, Chloe, what stops
782 pathogens getting into the body?
783
784 Chloe: Skin.
785
786 J: Skin, thank you, [A]. What else stops pathogens coming in?
787
788 S(s): [A]
789
790 J: Er, we said not really a, ssh ssh ssh folks please. We said not really the
791 hair. [J coughs and splutters]
792
793 Sam: Oh that is really sly!
794
795 J: Is it a cough? Yeh coughing. Ok. Helen, over to you. What else, what's
796 your other line of defence, no sorry, what's an additional feature of the body
797 which stops invading micro-organisms?
798
799 Clare: Um, the lysosomes [A]
800
801 J: Lysosomes or lysozymes?
802
803 Euan: Lysozymes.
804
805 J: Lysozyme. Lysozyme is an enzyme, what's a lysosome?
806
807 Students in unison: It's a membrane bound organelle.
808
809 J: You're like parrots aren't you, very good like parrots! Um, it's a membrane
810 bound organelle which contains the enzyme lysozyme, ok?
811
812 [J stops the tape]
813
814 J: Recap, revisiting of bits of module 1, um, which most of them are revisiting in
815 January, um, yeh, like electron microscopes, lysosomes, they got, they knew
816 what was going on, they remembered the right information. That was good.
817
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818 [J starts the tape again]
819
820 J: Chloe, anything else you want to add to coughing, skin, lysozymes?
821
822 Chloe: Blood clotting.
823
824 J: Blood clotting, well done
825
826 Euan: And sneezing.
827
828 J: And sneezing.
829
830 Sam: And mucus.
831
832 J: And mucus, ok thank you. Once they're in Harvey, once we've got our
833 invasion
834
835 [A stops the tape. Vignette 4 finished, end of Vignette interview 1]
836
837 A: Yeh that's great!

Interview ends
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Appendix E

Examples of lesson summaries for all three teachers

John

Lesson 8

MAJOR LESSON 
EVENTS

SUBJECT MATTER 
COVERED

RESOURCES USED

Teacher-led discussion 
and note taking 
concerning human 
mechanisms of 
preventing the entry of 
micro-organisms and 
natural immunity.

Human mechanisms of 
preventing the entry of 
micro-organisms

OHT (Appendix H, 
p. 426-427)

Students work on
comprehension exercise
and answer the following
3 questions:
State the function of
neutrophils and
macrophages
Why do skin infections
go red?
What are the limitations?

Phagocytosis and the 
subsequent destruction 
of ingested pathogens

Textbook

OHT (Appendix H, 
p. 427)

Teacher-led note taking 
task concerning 
acquired immunity. 
Various concepts 
defined and discussed.

Acquired immunity

Antigen, antibody, B and 
T lymphocytes

OHT (Appendix H, 
p. 427-428

Teacher-led run through 
of comprehension 
exercise questions.

Phagocytosis and the 
subsequent destruction 
of ingested pathogens

Recap of human 
mechanisms of 
preventing the entry of 
micro-organisms and 
natural immunity through 
a teacher-led question 
and answer session.

Human mechanisms of 
preventing the entry of 
micro-organisms

Natural immunity



Catherine

Lesson 2

381

MAJOR LESSON 
EVENTS

SUBJECT MATTER 
COVERED

RESOURCES USED

Question and answer 
session recapping the 
previous lessons work 
on glycolysis.

Glycolysis

Demonstration of 
experiment on 
respiration in maggots

Learning how a 
respirometer works

Equipment required for 
making a respirometer

Students do the 
respirometer experiment 
and Catherine assists 
them throughout.

Learning how a 
respirometer works

Experimental method 
e.g. prediction, controls

Equipment required for 
making a respirometer

Teacher-led discussion 
and note taking of 
glycolysis - continuing 
the previous lessons 
discussion.

Glycolysis Board (Appendix I, 
p. 441)



Sally

Lesson 5

382

MAJOR LESSON 
EVENTS

SUBJECT MATTER 
COVERED

RESOURCES USED

Sally and her students 
go through the question 
sheet she set them in 
the previous lesson for 
their homework. This 
involves discussion, 
question and answer 
and the drawing of 
diagrams._______

Structure and function of 
the gut

Digestive juices - 
contents, stimulus, place 
of production etc.

Board (Appendix J, 
p. 465)

Question sheet from 
lesson 4 (Appendix J, 
p. 464)

Two handouts about the 
structure of the gut are 
given to the students. 
Sally goes through them 
with the students.

Structure and function of 
the gut

Handouts concerning 
the structure of the gut 
(Appendix J, pp. 466- 
467)
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Appendix F

Examples of interview summaries for all three teachers

Interview summary - John vignette interview 1

This interview is based on excerpts from lessons 8 and 9 of John's unit-of-work. The 
numbers refer to line numbers in the interview transcriptions. See Appendix D, 
pp. 363-379 for a full transcription of John's vignette interview 1.

Monoclonal
antibodies - lesson 9

(1-6, 54-64, 90-96,
94-134, 134-159,
177-178, 216-223,
260-267, 294-323)

Revisiting module 1
and 2 content 

(182-208,275-283)

Problem-solving 
questions

(68-75, 163-182, 
391-411)

Real life
experiences

(23-36)

Interview
summary 
John VI1

Antibiotics
discussion -

lesson 8 (674-
711,723-769)

Brain transplants
discussion - lesson 9
(482-539,551-591,

597-670)

End of lesson 8
recap 

(780-807, 809-833)

Revisiting module 1 
content (814-816)

Real life
experiences

(715-719)
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Interview summary - Catherine 'short post-lesson' interview 2

This interview follows a lesson in which Catherine's students engaged in an 
experiment to investigate respiration in maggots. The numbers refer to line numbers 
in the interview transcriptions. See Appendix D, pp. 357-359 for a full transcription of 
Catherine's's plint2'.

Recap content
(i.e. glycolysis -

96-98) Interview
summary
Catherine

plint2

Peer
tutoring

(104-108)

Experimental
prediction 

(35-39, 66-70, 95)

Values 
dimension 
(45-46, 79- 
86, 95-96)

Evaluation of
method (i.e.

improving method,
improving control -

46-51)



Interview summary - Sally 'long post-lesson interview' 5

385

This interview follows lesson 5 in which Sally spent the lesson going through the 
digestion questions she had set her students in lesson 4. The numbers refer to line 
numbers in the interview transcriptions. See Appendix D, pp. 360-362 for a full 
transcription of Sally's 'long plint 5'.

Factors influencing
decision-making re

pedagogical strategy
used in lesson (e.g.
students - 4-6, 17-

18,75-82)

Revisiting 
core module 
content (19-
23, 56-69)

Interview
summary

Sally
plint 5

Examination
practice 

(6-14, 86-91)

Introducing and 
revisiting content

regularly (e.g.
excretion -23- 

28, 38-47)
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Appendix G

Examples of teacher comment/teaching episodes for all 
three teachers

Example 1: John, lesson 3, introduction to arteries, veins and 
capillaries

The episode comes from the beginning of lesson 3. It concerns periods of 
discussion between teacher and students as well as long pauses where teacher 
and students take notes.

	Teaching episode Teacher comments

1 J: [J addressing whole class] We are J: I think we got to grips with vessels.
2 going to look today at the structure And I think we now know, or they
3 and function of blood vessels to start know the different structures and
4 with. We are going to look at the functions of the blood vessels.
5 structure and function of each type of (plint 3 J 63-64)
6 vessel, arteries, capillaries and veins.
7 Ok. So let's start off with arteries. A: Urn, right, you said they got to grips
8 And if we just make some points. with vessels. Can you tell me a bit
9 Urn. Transports blood away from more about that?
10 heart. What about pressure, can
11 anybody tell me about the pressure in J: ... it took me a long time to
12 an artery? Have a guess. Is it going understand the principles and the
13 to be high or low? concepts behind things. That's one
14 thing that I've always been trying-, I've
15 Helen: Higher than in a vein. tried to do. What I've tried to do with
16 these kids is get them to understand
17 J: Good. Why? what is behind the things that we're
18 teaching and I think if they do that they
19 Helen: Because its taking it round the can go on ad infinitum learning and
20 body. It's got to get round the body [ ]. building on that... I think in the end I
21 would be confident enough to say that
22 J: Yes, that wouldn't make the if you stopped anyone walking out the
23 pressure any greater. Don't forget the door they would know the difference
24 oxygen is dissolved in the liquid, it's between an artery and a vein and a
25 not like gas pressure. Any other capillary and they'd be able to give
26 reason why the artery is under high you some points about them ... I'm
27 pressure? happy with the way that went and
28 what they learnt.
29 Ethan:[] (plint 3 J 94-122)
30
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

Teaching episode

J: Ok, so arteries, yes the blood's got 
to be pushed upwards sometimes if 
you're standing up, it's got to go up to 
your head. What creates this 
pressure?

Ethan: Pumping. 

J: Pumping of the [?] 

Ethan: Heart.

J: Yes, there is two things. One is the 
heart pumping and the first place it 
goes from the heart is into the 
arteries.

Harvey: Is it the size of the arteries as 
well?

J: Yes. I suppose that is-, the heart is 
quite a big volume isn't it and if you're 
forcing blood into a small, relatively 
small artery it's going to be high 
pressure. But there is another thing 
to do with the structure of the artery 
which helps it's pressure?

Jess: Walls are thick.

J: Right, what is thickness of the 
walls caused by? What is the 
thickness?

Chloe: Cholesterol.

J: Come on to cholesterol in a 
minute. What's the actual artery made 
of? It's got a lot of muscle and it's got 
some fibres, collagen and elastin that 
we'll look at. Ok. So when you force 
blood into this tube it's a bit like a soft 
hose, garden hose. What happens if 
you hold the end of the hose?

Teacher comments

A: Urn, you just said you'd like them to 
know what is behind the things that 
you're teaching. Can you explain to 
me what you mean?

J: ... when we started talking about 
vessels we need to realise and bring 
in, you know, what is the aim of these 
things? Why are they thick? Why are 
some thick? Why are some thin? 
Why do they have valves? Rather 
than just remembering parrot fashion 
'veins have valves', you actually work 
back and think 'why do they need 
valves?' 'Surely that blood's going 
fast enough, oh no, hang on, there's 
nothing pushing it cause it's been 
through all the capillaries. What's 
happened in the capillaries to make it 
lose its pressure?' So as they go on 
they're developing links which I think 
is so important in A level... the more I 
get them to think about the reasoning 
behind things the better. ... So, it's 
trying to tie in all those concepts and 
there's so many things you can bring 
in, so many links you can make ... 
(plintS J 124-145)

A: Dm, so you were saying something 
about making links. Can you tell me 
a bit more about that?

J: ... links ... within biology ... the more 
I can provide them with the more 
chance they've got of understanding 
some of those things. 
(plintS J 154-179)
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77 Samantha: You get lots of pressure.
78
79 J: Pressure builds up doesn't it and
80 you get a sort of-, it will blow up if you
81 like until it burst. Now that's a bit like
82 the walls of the artery because as
83 soon as the blood's forced into the
84 artery it swells up a bit. What
85 happens when you take your finger off
86 the end of the hose?
87
88 Sarah: It goes shhhh.
89
90 J: It goes down. Well that's, if you
91 like, the blood going through the
92 arteries and that's how the blood
93 moves through. The blood is forced
94 into the arteries from the heart. The
95 walls of the vessel swell out and then
96 retract and a little bit further down the
97 line they swell up and retract, further
98 down. So if you like, the artery in a
99 way is a bit like a heart in itself
100 because it expands and retracts. Ok.
101 So it's under high pressure, blood is
102 under high pressure. How about the
103 speed of flow?
104
105 Helen: Fast.
106
107 J: Fast. [John has written a summary
108 of the information raised in this
109 discussion as a series of bullet points
110 on an OHT. There is a pause as
111 students write down these points in
112 their notebooks.] Now, is-, I write that
113 blood is oxygenated except in [?]
114 What am I going to finish it with?
115
116 Jess: Pulmonary artery.
117
118 J: Good. [Pause as students continue
119 to copy bullet points written by John
120 on the OHT]
121
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122 J: Right. What do we know about
123 veins? What could we put down
124 there?
125
126 Helen: Carry blood to the heart.
127
128 J: Carry blood to the heart. Ok. What
129 about pressure?
130
131 Sarah: Low.
132
133 J:Why?
134
135 Sarah: Because it felt like it.
136
137 J: Because it felt like it. Possibly.
138 Why is it lower pressure Finn than the
139 arteries?
140
141 Finn: Because arteries accept the
142 flow straight from the heart that is at
143 high pressure.
144
145 J: Right.
146
147 Finn: And the vein, I don't know.
148
149 J: Yes you do.
150
151 Finn: No I don't.
152
153 J: But you do because you're
154 explaining it, you just need to get the
155 words in the right order. The blood is
156 going, forced into the artery, where
157 are the veins? If you think of, if you
158 stretch arteries, blood vessels all out
159
160 Finn: further away.
161
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162 J: Further away. Yes, that's it, they are
163 further away. So, by the time the
164 blood gets to the veins they have
165 gone quite a long way so they are
166 lowering in pressure. All right. So you
167 did know. So blood is under low
168 pressure, um, what else have we
169 said, flow is going to be slow. Now
170 there is something that veins have if
171 you remember that arteries don't.
172
173 Sarah: They've got valves.
174
175 J: Valves, well done. Right. So what
176 is the relevance of-, what is the point
177 of veins having valves? Why do veins
178 have valves?
179
180 Chloe: Because veins take blood
181 back to the heart and cause they have
182 to go up and the blood is at low
183 pressure, it isn't pumped there, and
184 so some blood might go back the
185 wrong way, so the valves keep the
186 blood going the right way and stop it
187 going backwards.
188
189 J: Exactly that. What Chloe is saying
190 for those who couldn't hear was that
191 the veins have valves because the
192 blood really needs, it's not under
193 pressure being forced through, it's
194 draining if you like, that's how I
195 always remember veins go back to
196 the heart, they drain, veins are drains
197 and they are draining back. Now if
198 you're not pumping this blood
199 through there's a good chance that
200 it's going to slip back the wrong way,
201 so you've got valves. [Pause as
202 students continue to copy bullet
203 points written by John on the OHJ]
204
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205 J: Right, that's good. What about-,
206 how does the blood-, you PE people,
207 how does the blood pass through
208 veins? I mean, it's got a bit of
209 pressure from the heart
210
211 Harvey: contraction of muscles.
212
213 J: Good. Contraction of the skeletal
214 muscle and that is assisting the
215 blood flow through. All right. So, in
216 between our skeletal muscles we've
217 got little, the veins are flowing, the
218 veins are running through the
219 muscles and as we move about and
220 go like that [John flexes the muscles
221 in his legs] we help the blood flow.
222 So, urn, what shall we say? Flow is
223 assisted by skeletal muscles. [Pause
224 as students continue to copy bullet
225 points written by John on the OHT\
226
227 J: Capillaries, what do we know about
228 capillaries, they are [?]
229
230 Chloe: Little.
231
232 J: Little.
233
234 Samantha: When I chopped my finger
235 off the doctor said that it was bleeding
236 so much because I'd sliced a
237 capillary.
238
239 J: Well yes, in that case if you slice a
240 capillary there will be quite a bit of
241 blood. Usually when you cut yourself
242 you're just going sort of between the
243 capillaries and the tissue fluid.
244
245 Sarah: You disgusting cow. You bled
246 all over the flipping fish didn't you,
247 and the meat.
248
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249 J: Oh no! Right, now they are the
250 smallest vessels in the system. Yes.
251
252 Chloe: [ ]
253
254 J: To the
255
256 Chloe: to the lungs [ ]
257
258 J: The pulmonary artery will take the
259 blood to the lung and then that will
260 divide up into capillaries which
261 surround the alveoli of the lung which
262 rejoin to go back into the pulmonary
263 vein back to the heart. Right, they link
264 arteries to veins so they are in
265 between arteries and veins, no
266 valves. [Pause as students continue to
267 copy bullet points written by John on
268 the OHT\
269
270 J: Have you oxygenated or
271 deoxygenated?
272
273 Euan: Both.
274
275 J: Good, both.
276
277 Clare: You should put for the veins
278 that they are deoxygenated except for
279 the pulmonary artery.
280
281 J: [J talks individually to Clare] So,
282 yes, you can add that if you like to
283 yours, it's a valid point. [Pause as
284 students continue to copy bullet
285 points written by John on the OHT\
286 [John addresses the whole class] In
287 the veins, which vein carries
288 oxygenated blood?
289
290 Clare: Pulmonary.
291
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292 J: Yes, it's the only one. Clare was
293 just saying that if you wanted to write
294 on here, veins carry deoxygenated
295 blood except the pulmonary vein you
296 could have that. Thank you Clare.
297
298 Clare: That's ok, any time.
299
300 J: Ok. Drawing time. Well I'm not
301 going to get the slides out. I would
302 like you to draw a cross section of an
303 artery, a vein and a capillary and there
304 are some good examples in your
305 textbook.
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Example 2: Catherine, lesson 3, introduction to the Krebs cycle

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Teaching episode

C: And the next stage in this process, 
step three, also takes place in the 
mitochondrial matrix and is aerobic. 
If you remember we haven't used any 
oxygen, and it's called Krebs cycle. 
Now Hans Krebs is the German 
scientist who came over to Oxford 
and worked out this Krebs cycle, not 
very far away from here, just across 
the park, in the Biochemistry 
Department. So this is local news, 
it's been done locally. He only died-, 
in the 1980s he died. I used to see 
him walking around Oxford. His son 
is still working here. So it was done 
right here in Oxford. However, you 
ought to know it's also called the 
Tricarboxylic Acid Cycle. You can call 
that the TCA cycle. Now it is a cycle 
so things are going to go round and 
round and round. So what is entering 
this cycle, remember?

George: Acetyl coenzyme A.

C: Acetyl coenzyme A is entering this 
cycle. So the purple there represents 
the end of the link reaction [Catherine 
is referring to the OHT diagram see 
figure 6.3]. Now all I've shown on 
there is something is happening. 
What is happening?

Amanda: The carbon is being taken 
away.

C: So carbon is being lost between 
steps one and two there. Stars are 
where the carbons are lost. 
Hydrogen is being lost there, there 
and there [Catherine is pointing to the

Teacher comments

I put the diagram from their book 
because that's what they're going to 
see. I wanted, I felt I got across the 
main points, the important bits of 
biology. That's what they need to 
know for this, you know, for A level. 
The main points for me were getting 
the carbons, showing them where the 
carbons decrease and that there are 
hydrogen's coming off, because 
that's what we have to deal with next 
in the electron transport chain. So 
effectively they could forget all 
intermediate compounds and that's 
why I kept saying 'well in different 
books you'll see different 
intermediate compounds' and taking 
away that anxiety about something on 
a diagram. 
(plintC333-41)

good biology teaching? (**) was 
going-, was showing them, getting 
the important parts of the Krebs cycle 
and using the terminology 
Tricarboxylic Acid Cycle and reducing 
the carbon, showing that oxygen for 
the first time was coming in cause we 
said it was an aerobic process, 
excuse me, and then the next step 
when we were breaking these 
hydrogen's 
(plint 3 C 44-49)

see how quick they are. It was nice 
how right at the end when I talked 
about the turns in the cycle they could 
do that [Catherine clicks her fingers] 
straight away 
(plint 3 C 66-68)
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	Teaching episode

42 parts of the diagram where the
43 following is written -
44 NAD+ ——* NADH+ H+] and is
45 being picked up by the hydrogen
46 acceptor and taken somewhere else.
47 It picks up two H's and goes off
48 again. Now what's happening here?
49 Well, we've got this acetyl coenzyme A
50 joining up with a four-carbon
51 substance. What is this four-carbon
52 substance? Well I'm going to give
53 you the names of these things to put
54 in as a key in your diagram but the
55 reason I left it like that is that I want to
56 show you that the carbon-, where the
57 carbon is being lost and therefore the
58 number of carbon atoms is reducing.
59 It's called oxaloacetate. See if you
60 can find oxaloacetate on that diagram
61 [Catherine is referring to the handout
62 reproduced in figure 6.4]. So here
63 [Catherine is pointing to the middle
64 left hand section of the OHT diagram]
65 somewhere you are to write
66 oxaloacetate. Oxaloacetate
67 combines with acetyl coenzyme A to
68 give you a six carbon substance.
69 Here is your four carbon oxaloacetate
70 which combines with the acetyl
71 coenzyme A. So how many carbons
72 are adding? We are adding four
73 carbons plus two carbons to give us
74 a six carbon substance. So what's
75 the name Lizzie of that six-carbon
76 substance?
77
78 Lizzie: Citrate.
79
80 C: Citrate yes. What is the next? On
81 the board there I have left out a step.
82 It is called oxoglutarate that one. So I
83 have left out the second of the six
84 carbon substances which is
85 oxalosuccinate. You happy with that.
86 And I have gone straight to the five-
87 carbon substance called

Teacher comments

the good biology of the Krebs, of the 
respiration, pointing out the important 
bits and not letting them confuse 
themselves with names of 
intermediary compounds and 
showing them how that comes in 
secondary and the important thing is 
the the decarboxylation of the, and 
also the hydrogen 
(plint 3 77-82 C)

I think, I think I covered the points 
about the importance, about the 
important bits of biology 
(plint 3 116C)

All right. Well, because there are so 
many intermediate compounds, now I 
had talked to them about that right at 
the beginning of respiration when I 
talked about the multi-step process 
and lots of things being formed and I 
remember using the word 
intermediate compounds with them. 
There are so, so many. Important 
features of Krebs Cycle I thought in 
terms of biology was the reduction of 
the carbons to form the carbon 
dioxide. Sorry, removal of carbon to 
form carbon dioxide and the removal 
of hydrogen which will be picked up 
on the electron transport chain as 
Nerissa reminded us to form the-, 
ultimately to form the ATP. So that's 
why in my boxes to start with I just 
had the carbons being done and the 
hydrogen's going down, and where 
the carbons were lost the hydrogen's 
removed. So, in terms of the names 
of the substances they do need to 
know some names, they do, you'll 
see it in the, in the, um, questions, 
but in some questions it only gives 
them the number of carbons so again 
that's using the knowledge of the 
biol-, of the questions that they____
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89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Teaching episode

oxoglutarate. But on my diagram I 
have shown you that carbon has 
come off and I've also shown you that 
two H's have come off both of which 
are written on this diagram here. Do 
you want to put a key for the blue star, 
the blue star means loss of carbon. 
And when you lose carbon what 
happens to it? It combines with?

Sophie: Oxygen.

C: To form?

Sophie: Carbon dioxide.

C: Can you see that this is the first 
time we have used oxygen in this 
whole process and therefore this is 
the aerobic part of the process. So 
the star means a loss of carbon. So 
from oxoglutarate can you see that 
we've gone to the next four carbon 
substance which is called what? 
That is called succinate. This is why I 
said to you there are so many 
intermediary steps in this thing. 
Various books will give you various 
numbers of steps. I am trying to 
reduce them by showing you the 
basic principle of all this, is the loss 
of carbon and the loss of hydrogen at 
different points. The next four C is 
fumarate. And then one more which 
is not on your sheet, here is the last 
one. It's called malate. It is in your 
book. There are lots and lots of 
intermediate compounds. 
Remember the word intermediate 
compound. But remember the 
principle of the thing is how many 
including the link reaction Amanda 
how many carbons have we lost?

Amanda: Three.

Teacher comments

get in a biology exam, urn, so I didn't 
want them to, to put in-. If I had put in 
oxoloacetate, fumarate, succinate, I 
think they would been, 
psychologically that would have been 
what they would have latched on to. 
Does that explain what I was trying to 
do? They would have latched on to 
names of things as kids do because 
it's new, it's, they haven't seen that 
before and not latched on to 'first of 
all let's look at what's happening and 
what's the um carbon product'. [A]

A: So, can you tell me why that, for 
you, was good biology teaching?

C: Because I was dealing first with 
the important aspect of the cycle. I 
think comes after all these sentences 
or as people say in my opinion and 
you think 'well who else's opinion?' 
(**) Because, so the important 
aspects first before clouding with 
something that, from experience you 
know they will latch on to, names of 
things which as I said to them you 
know 'there are many more 
substances in this thing'. Does that 
make sense to you?

A: Was this something that you were 
thinking about at the time of doing it?

C: Oh no no no no. Pre-determined, 
premeditated. Cause I was, that's 
why I-, cause I'd been looking 
yesterday at their text, what's in there, 
refreshing my mind on what's in 
Rowland about it and I thought they 
are gonna go home and look at that 
cycle and they would think 'oh all 
these names I can't cope' and so 
using the same diagram in their 
books and putting in the simpler



399

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

Teaching episode

C: That's right. So do you see where I 
get the term Tricarboxilic Acid Cycle. 
What happens when we get back to 
the oxaloacetate?

George: It joins with more acetyl 
coenzyme A.

C: More acetyl coenzyme A comes 
back in and we go round the cycle 
again each time losing carbon 
dioxide. And what's going to happen 
to this carbon dioxide that we lose?

Emma: Breathe it out.

C: We breathe it out precisely. This is 
the very carbon dioxide that when you 
talk about respiration you are getting 
rid of. So the only thing we haven't 
done now is what about all these two 
H's that are being picked up by the 
NAD.

Amanda: The electron transport 
chain.

C: That goes to the electron transport 
chain and that would be our final 
stage, the electron transport stage ... 
now what I'd like you to do tonight is 
summarise the Krebs Cycle. There 
are five little points to summarise on 
page 127._______________

Teacher comments

things first, does that make sense? 
(plint 3 C 200- 249)

C: Now, I want them to learn this 
diagram, but I also-, I gave them a 
handout of Krebs from another book, I 
want them to see that it might have 
different names in it and things but 
what it looks like is really the same. 
They need to know, you know, what it 
looks like. They need to recognise it. 
(plint 3 C 254-259)
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The release of energy

figure 14.5 The metabolic pathway in which 
sugar is broken down in respiration. The 
process starts with phosphorylation of 
6-carbon sugar (glucose). In the diagram this is 
shown happening in one step but in fact it 
involves several steps. In the first a phosphate 
group is added to the glucose molecule, 
resulting in the formation of glucose 6- 
phosphate, so-called because the phosphate 
group is attached to the glucose molecule at 
position 6 (see page 126). A second 
phosphate group is then attached to the sugar 
which is subsequently split into two molecules 
of 3-carbon sugar. These are in equilibrium 
with each other and normally both are 
converted into pyruvic acid and fed into the 
Krebs cycle.

The overall function of the pathway 15 to 
produce ATP molecules. Energy is transferred 
to ATP mainly as a result of the removal of 
pairs of hydrogen atoms from intermediate 
compounds in the pathway. The diagram 
shows the stages at which hydrogen atoms are 
removed, together with the numbers of ATP 
molecules synthesised. The ATP molecules 
circled are produced via the hydrogen carrier 
system which is explained on page 234. 
Usually three ATP molecules are synthesised 
every time two hydrogen atoms pass through 
the carrier system. However, in the 
conversion of succinate to fumarate only two 
ATPs are produced because in this case the 
initial earner (NAD) is absent.

One of the most important intermediates in 
the pathway is acetyl CoA because it links 
glycolysis with the Krebs cycle. Coenzyme A is 
a complex molecule derived from the vitamin 
pantothenic acid (see page 149). Its function is 
to transfer an acetyl group (Ch^CO) from 
pyruvate to oxaloacetate. In this way two 
carbon atoms are added to the oxaloacetate 
with the formation of citrate.

The process outlined here is called 
oxidative phosphorylation. It is oxidative 
in the sense that hydrogen atoms are 
removed from certain compounds and 
combined with oxygen. It is phosphorylation 
in that phosphate groups are added to ADP 
to give ATP. The process also involves 
decarboxylation, the removal of carboxyl 
groups with the formation of carbon dioxide.
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Example 3: Sally, lesson 3, digestion research projects

This example covers a substantial part of lesson 3. Unfortunately research 
equipment failure meant that only the first part of the teaching episode was 
transcribed. The teaching episode involves Sally allocating research projects to 
her students which concern investigating aspects of the mammalian digestive 
system. It also involves discussing what those research projects will entail with 
individuals.

Teaching episode Teacher comments

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

S: Right. I said the other day that we 
need to do the structure of the 
digestive system. We need to look at 
what each of the parts of the digestive 
system does. What the basic layers 
of each of the parts are like. Why they 
are different. What the digestive 
juices produced are. Whether the 
juices are produced by nerves or by 
hormones or both. What the action of 
the digestive juices is and so on. So I 
am going to ask you to find some 
information out using the ordinary 
textbooks and to do sort of a bullet 
point things and diagrams, where 
necessary, so that you are providing 
information for everybody to use. We 
have got lots of advanced biology 
books now, so we have got a few 
more books. Now I want it nice and 
neat because I would actually like to 
put it up. If you do it in rough first of 
all, I will come round to each of you 
and talk you through and make sure 
you understand what you are 
supposed to be doing. It might help if 
you have the syllabus, because if you 
are doing anything which has 
enzymes, the syllabus has the 
enzymes on and so we don't want to 
be doing more than we actually need 
to do. The syllabus also has the 
hormones that you are meant to 
know. Right who wants to do the 
mouth? We are going to do this as

S: Right. ... I'd asked them to do notes 
on different parts, so I thought it's 
good to be able to talk to each person 
about what they have to-, what 
information they have to include 
because that helps their note taking 
skills which is something they're not 
very good at. What they're not very 
good at is picking out the points that 
they need, so as I went round and 
talked to them I was able to highlight 
the important points. And also refer 
to the syllabus because the last 
lesson I kept saying 'let's look at the 
syllabus'. 'What does the syllabus 
ask us to do' because they will just 
copy a chunk out of a book and they 
won't actually think 'how much of this 
do I need?' And they won't think 
about whether they know what it's on 
about. The other thing I thought 
which was good out of what I'd asked 
them to do was-, because they 
couldn't find all the information in one 
textbook, or one textbook wasn't good 
enough to use because different 
textbooks do different things better 
than others, so they couldn't 
necessarily find a diagram they 
understood in one textbook and good 
enough notes and sort of vice versa, 
so I mean I do all my notes from a 
variety of textbooks and I think they 
should realise that and they should 
do the same. So they were able to do
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
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63
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69
70
71
72
73
74
75
76
77
78
79
80
81

individuals because otherwise we 
won't get all my things off my list 
because I've got 8. There's 8 of you. 
Right, who wants to do the mouth? 
Right, Eleanor, you do the mouth then 
I will come and say talk about what to 
do so find some paper to start writing 
some information about the mouth, 
what goes on in it, obviously we talk 
about amylase, saliva with amylase 
in it. Mechanical digestion. Right, 
that's your task. Who wants to do 
oesophagus which will include 
obviously peristalsis, description 
about, Owen, did I hear you say you 
would do it? Basic layers of the gut 
wall, really the basic ones, the 
mucosa, submucosa, muscularis 
externa, that one and the serosa. 
What they are like, not what they are 
like in each of the regions but what 
they consist of. Who wants to do that 
one? Right, we will come back to that 
one then. Stomach. Who fancies the 
stomach? We have got two there for 
stomach. Right, Charlotte, stomach. 
So yours will be physical mechanical 
digestion. The juices, what 
stimulates the juices. Right. Gall 
bladder, bile and pancreas I've 
lumped together. Gall bladder, bile 
and pancreas, Stephen, right. 
Intestinal wall. Just the digestive 
juices because in fact the intestinal 
wall produces quite a number of 
digestive juices. So there is probably 
not that much on that one but quite a 
number of juices and what actually 
causes secretion of those. Right, 
Charlie, intestinal. Villi. [S says this 
as she points to a student] A diagram 
has to be done here. Structure of the 
villus, purpose of it, role of it. Can you 
mention the hepatic portal vein 
because the hepatic portal vein is the 
vein that takes the end products of

that. And it also meant because we
were in here, if they couldn't find
something I could say 'well let's look
in the textbook' so we had a variety
out.
(plint3and4S 15-45)

S: Right. I said quite often they will 
just chunk copy, so they'll see a 
heading in the textbook and they 
won't read through what it says but 
they'll just start copying the chunk out. 
So that's one thing they do and then 
they don't take it in. The other thing 
that they do is see the word and then 
just copy the little bit around the word 
without again realising, reading 
through it and thinking 'well does this 
actually answer what I'm supposed to 
be doing. Is it relevant?' So what I 
was trying to get them to do was to 
ask themselves these sorts of 
questions, you know, get them to look 
for the relevant bits without doing the 
whole chunk. And then there were 
better ways of doing it, like some 
books do tables of enzymes, others 
don't do that. I find a table of 
enzymes useful so I say to them you 
know 'this is a good way of learning'. 
It might not be for them but if it 
summarises all the information I 
think that's a useful piece of 
information. So it's trying to get them 
to, not to copy everything down, to pick 
out the relevant, the pertinent points 
and to use a bit of thought while they 
are doing it, so it's not just in their 
eyes and down their fingers but 
there's a little bit of brain power going 
on. 
(plint3and4S 143-166)

S: Right. I was picking out words 
from the book, looking through the 
pages in the book and saying 'well
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digestion from the intestines to the 
liver. So you need to include a bit on 
that. Colon, caecum. [S says this as 
she points to a student] Anne we 
haven't got anything have we. I've got 
8 things down here and there is 8 of 
you, where have I gone wrong. Oh 
basic layers of the gut, no-one 
wanted to do-, you are going to have 
to do basic layers of the gut Anne. 
Colon, caecum, especially in 
herbivores. Do the herbivores that 
have a large caecum. We won't do 
ruminants with the stomachs. Right, 
so its structure if it's a structural thing. 
Juices and any contents of juices. 
What the juices are produced by, 
which particular bits, the action of the 
juices, whether they are stimulated, 
whether its nervous, whether its 
hormonal or whether it's a mixture. 
Use the syllabus. It is quite precise 
on the hormones. Gather your 
information together now. Not loads 
of information, well you won't have 
loads because I gave you very 
precise little bits. Bullet point pieces 
of fact which can then be transferred 
to one of these sheets. [Sa//y waves 
around the paper for the posters.] 
Find yourselves a book and paper, 
find your little region and I will come 
round and make sure everybody is 
sorted. Any other questions?

there's information but is there a 
better way it's written in the book? Is 
there a table somewhere?' Cause I 
knew there was cause I knew what 
was in the books. So I knew that say 
Toole and Toole had a really good 
digestive table so although the 
information was written and it was 
written in other books in paragraphs 
just to be able to go through and say 
'well it's here'. So I suppose I was 
trying to do with them what I would do 
myself and that's sit with the 
information in front of me in the variety 
of books and just sort of flick through 
and say 'right, what's best for me to 
learn from? What's the explanation I 
understand?' So I went round to 
each of them. That's what I was 
doing with them. 
(plint3and4S 172-189)



406

Appendix H

Curriculum materials and copies of all notes put on the 
board/OHT during John's unit-of-work
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Figure IB.6 The arrangement of the heart
and blood vessels
A in the single circulation of a fish,
B in the double circulation of a mammal.
The arrows indicate the direction of the blood
flow. Oxygenated blood, light grey;
deoxygenated blood, dark grey.

j p {circulation B Double circulation
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1. Copy the plan of human circulation. Colour the arteries and the 
pulmonary veins red and the veins and the pulmonary artery blue.

. .
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\
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2. What side of the heart (right or left) pumps blood to the lungs ?

3. Where does the oxygenated blood go after leaving the lungs ?

4. What side of the heart does the deoxygenated blood return to ?
\.

5. Mark on your diagram the blood vessel which has

a) Highest pressure

b) Most oxygen.

c) Most carbon dioxide.

d) Most glucose after a meal.

e) Least poisonous waste (urea).
''-.'A

6. The blood system has been 'compared to London Underground. Write the 
following in the correct pa'irs.

CJrcin at ion 

Heart

Bloodcells 

Vessels 

Ofcvaen

London Unde^o-oun:!.

Tunnels

Electrified third line

Brains

Stations



411

C> f~

/-£ /^ I
/

/ -^ AT/

1 Inferior vena cava 
(from trunk and legs)

parotid arteries (to head)

Artery to left arm 
Aortic (systemic) arch

~———\—Trunk of pulmonary 
__^___j artery

Left pulmonary veins 
Left atrium
Aortic valve 
Atrioventricular valve

Left ventricle 
eptum

Aorta
(to trunk and legs)

Figure /9.9 Ventral view of the mammalian 
heart and the blood vessels connected to it. 
Oxygenated blood, solid arrows; 
deoxygenated blood, broken arrows. The 
atrioventricular valve on the right side of the 
heart consists of three flaps or cusps (tricuspid 
valve); the atrioventricular valve on the left 
side of the heart consists of two flaps 
(bicuspid valve or mitral valve). The pulmonary 
valve guarding the entrance to the pulmonary 
artery, and the aortic valve at the entrance to 
the aortic arch, both consist of pocket-like 
flaps which catch the blood if it tries to flow 
back into the heart.
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A Capillary

Arteriole

Sphlnctermuscte

bv which blood

venule.

B Capillary in i*etal1
Thin endothelium 
(one cell thick)

The capillanes P^ ̂  their needs . )t ls 
which supplies the <* i|iapeswere 
said that if all the body s cap
placed end to end they wouldJ- 
80 000 km! The bore of the cap,

in u.m j us~':N 
averages about lu ^f ^d b|ood ce || s in single
permit the passage epjthe | ia | ce || s is. 
file. The single layer of 1'n.ng P

at rts thinnest, less than 0.1^
hanS^ ^ 

facilitating rapid exc ^ ^^ No ce|| js
between the blood an ^ ̂ ^ ̂ .^^ 

more than 25 |imt and 
The capillanes have no m rd^etertoj
incapable of changing 
extent. Blood flow 
by constriction or
whose walls conta
the sphincter muscles at
artenoies. Oxygenated blood, red,

deoxygenated blood,

'Mainly collagen'fibres

Figure 19.18 The structure of an artery and 
a vein. Their walls contain elastic and collagen 
fibres and smooth muscle. They are therefore 
tough but stretchable and can constrict or 
dilate. The vein has a thinner wall and wider 
lumen than the artery as you can see clearly in 
the photomicrograph below. The diagrams 
show the arrangement of the different types 
of tissue in the walls.

"Mainly
•elastic-fibres-and- 
^smooth.muscle

Lumen

B Vein

Mainly 
elastic fibres 
and
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Figure 17.20 A capillary network, and the origin of a lymph capillary
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of surrounding muscles
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direction of flow 
of lymph

nucleus

basement
membrane part of =apj|iary greatiy enlarged

Rgure 17.21 Exchange at the capillaries
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The diagram shows the Forces acting on water in and around a capillary. Arrows show the di rection 
in which water would move if there were no other forces acting on it. The size and shape of the 
arrows gives an indication of the magnitude and nature of the forces.

•. \ \ X X X X XXX
\X\\XX.is icpasxxx

' \\\

XX

capillary

Hlood

xx \ liody tissues 
x\\

blood hydrostatic pressure 
(4.6 kPa)

biood hydrostatic pressure 
(2.0 kPa)

;issue hydrostatic pressure 
(0.15 kPa)

blood osmotic pressure 
(3.7 kPa)

tissue osmotic pressure 
(0.55 kPa)

Hydrostatic pressure describes the tendency of water to pass away from a region in this system.
Osmotic pressure (which is sometimes described in terms of water potential) describes the tendency 
of water to pass into a solution.

(a) Describe the structure of the surrounding layer of a capillary.

(b) What causes each of the four pressures shown in the diagram? 
(i) Blood hydrostatic pressure. 

(ii) Blood osmotic pressure, 
(in) Tissue osmotic pressure. 
(iv) Tissue hydrostatic pressure.

(4 marks)

(2 marks)
(2 marks)
(1 mark)
(1 mark)

(c) Explain why blood hydrostatic pressure falls between one end of the capillary and the other.
(2 «

(d) (i) What is the pressure, in kilopascals, with which water moves out o/the capillary at the 
arteriole end? (Show your working.)

(ii) What is the pressure, in kilopascals, with which water moves into the capillary at the 
venule end? (Show your working.) ^ mar-ks)

(e) Usually the balance shown in the diagram is not achieved and more fluid is passed out of the 
capillaries than is reabsorbed by the capillaries. Explain how accumulation of this fluid is 
prevented (3 marks)

W.7/2/N84
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The oxygen dissociation curves (Fig. 7.9) represent The relationship between the partial 
pressure of oxygen and the percentage oxygen saturation of rwo respiratory pigments. 
Curve A shows the response of myoglobin in muscle and curves B. C and D the response 
of haemoglobin in the blood ai three different partial pressures of carbon dioxide.

KEY
A = myoglobin in muscle
B = haemoglobin at COi partial pressures 2666 Paf (20 mmHg)
C = haemoglobin at C02 partial pressures 5332 Pa (40 mmHg)
D = haemoglobin at CO2 partial pressures 10 664 Pa (80 mniHg)
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Total for this question: 6 marks

The graph shows an oxygen dissociation curve for human haemoglobin.

Percentage 
saturation of 
haemoglobin 
with oxygen

unloading 
tension

loading 
tension

Partial pressure 
of oxygen

The loading tension is the partial pressure at xvhich the haemoglobin is 95% saturated with oxygen. ' 
The unloading tension is the partial pressure at which the haemoglobin is 50% saturated.

(a) (i)-—What would be the effect on the unloading tension of-a-n-increase in the partial pressure of 
carbon dioxide? (1 mark)

(ii) Explain how this may be of value in supplying tissues with oxygen. (2 marks)

(b) The prairie doe is a small mammal that spends much of its life in an extensive system of 
burrows where~the air may have a low partial pressure of oxygen.

(i) Sketch a curve on the graph which would represent an oxygen dissociation curve for 
prairie dog haemoglobin. (1 mark)

(ii) Explain why you have drawn the curve in this position. (2 marks)

.m/A/BIOL'l (Turn over
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Figure 19.12 Graphs illustrating the pressure 
and volume changes that occur during the 
mammalian cardiac cycle (dog). Pressure 
changes were measured in the left atrium and 
ventricle, and the aorta. Volume changes were 
measured for both ventricles. The electrical 
activity in the heart wall (electrocardiogram) 
and heart sounds (phonocardiogram) as 
recorded in a human subject are also shown. 
The actions at different points on the graphs 
are as follows:
A Atrium contracting: blood flows into 
ventricle.
B Ventricle starts to contract: ventricular 
pressure exceeds atnal pressure so 
atrioventncular valve closes. 
C Ventricular pressure exceeds aortic 
pressure, forcing aortic valve open: blood 
therefore flows from ventricle into aorta, and 
ventricular volume falls. 
D Ventricular pressure falls below aortic 
pressure resulting in closure of aortic valve. 
£ Ventricular pressure falls below atrial 
pressure so blood flows from atrium to 
ventricle; ventricular volume rises rapidly. 
F Atrium continuing to fill with blood from 
pulmonary vein: atrial pressure exceeds 
ventricular pressure so blood flows from 
atrium to ventricle. 
Electrocardiogram (ECG): P wave 
corresponds to wave of excitation spreading 
over atrium; QP>S and T waves correspond to 
wave of excitation spreading over ventricle. 
Phonocardiogram: the first and second 
heart sounds (labelled I and 1 in the diagram) 
are due to sudden closure of atnoventncular 
and aortic valves respectively.

.20-1

S 10-
Aortic pressure*!

:'^---<ffljiWv^-v
;£'"''••' 'Atrial pressure :? 
r~7n~ Ventricular pressur

Electrocardiogram -S|

',.,".'..— Phonocardiogram :|)
•'3P

0.6 time/s
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(5 marks)

The diagram shows some of the changes that take place during a cardiac cycle.

Blood 
pressure

Heart 
sounds

....... aorta

left ventricle 
•left atrium

Time/s

(a) Calculate the heart rate in beats per minute.

mark /
(b)—The-hea.rJ-sounds.are associated with the operation oTj.he^ heart valves, 

(i) What causes the firsi hean sound?

(ii) Give the evidence from the diagram that supports"ydurTnswef."

.' murk* 
(c) Explain how a higher blood pressure is produced in the aorta than in the pulmonary artery. \

1 1 mark > 

A/RIOL/1/J91 
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It has long been the dream of scientists 
and doctors to produce a drug that could 
kill microbes without affecting any other 
cells of the body. So far no such drug can 
quite do that, and even the best drugs 
occasionally produce harmful side- 
effects. In 1975 scientists working in 
Cambridge took a step nearer the dream 
when they discovered how to produce 
substances called monoclonal antibodies.

proteins with the amazaig 
property of recognising 
'foreign' substances, either in 
the blood stream or in tissues. 
This means that they are useful 
for helping doctors to detect 
and treat many types of 
disease, and will eventually 
help to treat cancers in man 
The special cells which make 
monoclonal antibodies are 
called hybridomas and are 
made in test tubes by joining £. 
special rapidly dividing 
cancer cell with an 'educated' 
normal cell which knows

i nesa njrrxcmas can 
therefore civ.de and multiply 
vigorously, producing large

How monoclonal ant&odies are made

ANTIGEN
ANTIBODY-PRODUCING CELLS 

(from mouse spleen)

monccic^sl nrihody 
molecules.

Diagnosis
Mocccsisi Ezdbodies can be 
used is ±= development and 
nsr.u2C=za ci new vaccines. 
They =re zsde to recognise 
the virus prcain. which the 
body's ovn defence
r»a>-'-!STrie — detects, and ran
then be '^sedaa purify large 
t=o'j=3 ci±s protein. This is

TUMOUR CELLS

surface coat of
invading microbe

contains sites (antigens)
recognised by the mouse

immune system

SPLEEN 
(antibody- 
producing)

Antigens are injected into a 
mouse. The mouse produces • 
antibodies against these. The 
antibody-producing ceDs arei 
fused with tumour cells to 
produce hybridoma cells, 
each of which produces a 
unio^te Typ« °f antibody (e.g. 
1, 2, 3 or 4). These cells are 
separated and used to 
produce large amounts of 
each antibody. MONOCLONAL AN7IBC
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Defence against disease

Organ transplantation
Sir Roy Calne, a leading transplant 
surgeon, explains some of the 
problems and achievements in 
transplantation surgery

Since the first transplant operations 
were carried out in the 1960s, organ 
grafting has emerged from being a 
perilous final attempt at saving life 
to become the standard treatment for 
many major diseases of vital organs. 
More than 200 000 organ grafts have 
been performed worldwide, and 
results continue to improve.

The problem of rejection
The greatest problem facing the 
transplant surgeon is rejection of the 
transplanted organ. Unless special 
treatment is given to suppress the 
patient's immune system, a graft 
between members of the same 
species is rejected after 5 to 14 days. 
The body destroys the foreign tissue 
as it would a bacterium or virus. The 
speed of rejection depends on how 
closely matched the tissues of the 
donor and recipient are. Thus, grafts 
between identical twins are accepted 
permanently, since identical twins 
have the same genes and are 
perfectly matched. In grafts between 
siblings, there is a one in four chance 
that the main tissue types will match 
each other. In grafts between 
unrelated people, the chance of the 
tissues matching is remote.

The chief factors that determine 
rejection are the ABO blood groups 
and the tissue typing of the white 
blood cells. However, even if these 
are matched, rejection may still 
occur because there are minor tissue 
groups that we cannot yet identify. 
Therefore, in all cases except 
identical twins, drug treatment to 
prevent rejection is necessary after a 
transplant operation. The drugs 
prevent the recipient's lymphocytes 
attacking the graft. Their dosage 
needs to be carefully watched: too 
low a dose results in the graft being

rejected; too high a dose suppresses 
the immune system to such an 
extent that the patient readily 
succumbs to infection.
The surgical procedure
We can now transplant all vital 
organs except the brain - and even if 
it were possible to transplant the 
brain so that it functioned, the 
outcome would be a body grafted to 
the brain rather than the other way 
around.

Of course, the grafted organ must 
continue to function properly after 
the transplantation operation. It is 
therefore necessary to join up the 
arteries and veins of the donor organ 
to those of the recipient, and if the 
organ has a duct this must also be 
dealt with. Speed is essential, for the 
circulation to the organ must be re­ 
established before the cells die.
Donors
For paired organs such as the 
kidneys, a volunteer - usually a close 
relative - can be a donor, provided 
the blood group and tissue match are 
satisfactory. The donor can manage 
with the one remaining organ. In the 
same way, a lobe of the liver can be 
removed for grafting without 
jeopardising the donor's health. It is 
even possible for a donor who 
happens to be receiving a combined 
heart-lung transplant to give his or 
her own heart to another patient - 
the so-called 'domino' operation.

However, most human transplants 
are taken from recently dead donors. 
Organs from patients dying of cancer 
or an infectious disease cannot be 
used for fear of transmitting the 
disease to the recipient. In practice, 
most donors have died from brain 
injury caused by trauma or 
haemorrhage following a ruptured 
brain artery. In such patients the 
heart can be kept beating only by 
ventilating the lungs with a 
machine. When tests make it 
absolutely certain that the donor's 
brain is irreversibly damaged, the

ventilator should be stopped since to 
continue resuscitation in these 
circumstances would be fruitless and 
very distressing for the relatives. If 
permission has been given, organs 
may then be removed for 
transplantation.

Which organs are transplanted?
Vital organs commonly grafted to 
replace those that have become 
diseased are the following:

• Kidney. This was the first organ 
to be transplanted. The donor 
kidney is usually placed on one 
side of the lower abdomen. The 
current success rate is 
encouragingly high: in cases 
where the donor and recipient are 
unrelated 80 per cent of 
transplanted kidneys are 
functioning after one year; and in 
cases where the kidney comes 
from a matched sibling, the figure 
is over 90 per cent. The longest 
survivor with graft function is 
over 25 years. Should a kidney 
graft fail, the patient can be kept 
in a reasonable state of health by 
repeated dialysis until another 
kidney becomes available for 
transplantation. Some patients 
have had as many as five or six 
kidney transplants.

• Heart and lungs. These are 
grafted in their normal positions 
after removal of the diseased 
organs. They may be grafted 
together or separately. Heart 
transplants are more successful 
than lung transplants since the 
latter are more prone to infection 
and rejection. Approximately 70 
per cent of heart grafts, and 60 
per cent of lung grafts, are 
functioning after one year 
whether they are grafted 
separately or together.

• Liver. This is the most difficult 
organ to transplant because of its 
multiple connections and complex 
blood supply. Moreover, in liver
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Defence against disease

disease, blood clotting is impaired 
and serious bleeding can occur, 
making surgery difficult. 
However, the procedure has 
improved and 70 per cent ofliver 
grafts are now functioning after 
one year. The longest survivor 
had the operation 23 years ago.

Suppressing the immune system
In principle, all recipients of organ 
grafts receive the same drugs to 
inhibit rejection, whatever the 
transplanted organ. Each drug has 
particular advantages and 
disadvantages. Their combined 
action is to inhibit the production or 
.ction of lymphocytes.
Patients generally receive small 

doses of azathioprine, corticosteroids 
and cyclosporin. This 'triple therapy* 
combines the effectiveness of all 
three drugs but avoids most of the 
more serious side effects. If rejection 
starts to occur, extra doses of 
corticosteroids or anti-lymphocyte 
proteins usually reverse the 
rejection.

For the majority of patients who 
respond well, their quality of life can 
be virtually normal. They can 
participate in active sports and have 
children, but they need to continue 
taking immunosuppressive drugs in 
'ow doses indefinitely. As a result, 
"hey are more susceptible to infection 
and cancer than normal people are.

The future
Most transplant failures are caused 
by the graft being rejected, or from 
infection resulting from excessive 
immunosuppression. No doubt safer 
and more effective drugs will be 
developed. As the results of organ 
grafting within the human species 
improve, efforts may be made to use 
organs taken from other animal 
species. This will introduce new 
moral dilemmas.

Another development will be the 
grafting of non-vital organs. Already, 
more than 2000 pancreas grafts have 
been performed to combat diabetes,

//lustration / A human liver being transported before being used in a transplant 

operation.

but there is controversy over 
whether this treatment is better 
than insulin-injection. The first 
successful bowel grafts have been 
reported. Grafts of testes and ovaries 
will raise new ethical debates!

But whatever the ethical problems, 
organ grafting is now an established 
and preferred treatment for many 
previously fatal diseases and its 
continued development will form one 
of the main branches of surgery.

1 What do you think Sir Roy Calne 
means when he says that a brain 
transplant would be 'a body 
grafted to the brain rather than 
the other way round'?

2 Consider the ethical issues that 
might arise from:
(a) transplanting organs from 

humans to other animals,
(b) transplanting ovaries and 

testes from one human to 
another.

l/iuitrotfon 2 Four years aher receiving a new heart. Alex Walker complete:, an eighi-mile 

post round twice a day and trains at his local athieucs club three time; ,1 w -e>.
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Appendix I

Curriculum materials and copies of all notes put on the 
board/OHT during Catherine's unit-of-work



436

/V jkf ITA /O

0-

BloocJ

0<2



437

of

Section through the thorax

QnestRoas
1- What are the respiratory organs of mm called?
2 What is the diaphragm?
3 What happens to the air as it goes through the nose?.
4 Explain what happens to the dust and dirt in the air-breathed hi

through the nose. 
£ Why are there rings of cartilage round the trachea?
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Measuring respiratory quotients
This exercise involves interpreting the way in which an item of 
experimental apparatus works.

The RQ of small organisms, such as woodlice or germinating seeds, can 
be determined1 using the'apparatus inRg 6_I15..;;Ihis apparatusiactually - , 
aUows:u^toTOeasmeidiang^;mpTessii^ : v 
understmdnowitworteybtlneed.iolmoi^^1:po^isiurt.-h^drpxide; ; _ 
absorbs; carbon dioxide. '"••;• >.;,;x-':..". . :,";.'.J.',."'- : ';'• •''"''-!-.':'"• : ::".

1cm3 syringe

i screw-dip

smati orpanisms 
lo be studied

gauze platfom

KOHsolutkm 

experimental tube

eapitary IMube 
'containng 
msnometEr fud

ttvee-waytap

KOH solution 

right-hand tube
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The release of energy

Figure 14.5 The metabolic pathway in which 
sugar is broken down in respiration. The 
process starts with phosphorylation of 
6-carbon sugar (glucose). In the diagram this is 
shown happening in one step but in fact it 
involves several steps. In the first a phosphate 
group is added to the glucose molecule, 
resulting in the formation of glucose 6- 
phosphate, so-called because the phosphate 
group is attached to the glucose molecule at 
position 6 (see page 126). A second 
phosphate group is then attached to the sugar 
which is subsequently split into two molecules 
of 3-carbon sugar. These are in equilibrium 
with each other and normally both are 
converted into pyruvic acid and fed into the 
Krebs cycle.

The overall function of the pathway is to 
produce ATP molecules. Energy is transferred 
to ATP mainly as a result of the removal of 
pairs of hydrogen atoms from intermediate 
compounds in the pathway. The diagram 
shows the stages at which hydrogen atoms are 
removed, together with the numbers of ATP 
molecules synthesised. The ATP molecules 
circled are produced via the hydrogen carrier 
system which is explained on page 234. 
Usually three ATP molecules are synthesised 
every time two hydrogen atoms pass through 
the carrier system. However, in the 
conversion of succinate to fumarate only two 
ATPs are produced because in this case the 
initial carrier (NAD) is absent.

One of the most important intermediates in 
the pathway is acetyl CoA because it links 
glycolysis with the Krebs cycle. Coenzyme A is 
a complex molecule derived from the vitamin 
pantothenic acid (see page 1-49). Its function is 
to transfer an acetyl group (CHjCO) from 
pyruvate to oxaloacetate. In this way two 
carbon atoms are added to the oxaloacetate 
with the formation of citrate.

The process outlined here is called 
oxidative phosphorylation. It is oxidative 
in the sense that hydrogen atoms are 
removed from certain compounds and 
combined with oxygen. It is phosphorylation 
in that phosphate groups are added to ADP 
to give ATP. The process also involves 
decarboxylation, the removal of carboxyl 
groups with the formation of carbon dioxide.

Glycolysis •

6C sugar
2ATP-

1
Phosphorylated 

6C sugar

2H.

Phosphorylated 
3C sugar—J

. Phosphorylated 
3C sugar

3 acid
1ATP

1ATP
Pyruvate 

(3C)

S^M^i,'.- ( SH
'&*H,'~,-&vv'-:A' -J;'7>";- •:.' \ ^ATP 
¥&-:;,-•::• S^.^4 JAiP x

Cytoplasm 
Mitochondri

;. --^ Acetyl'CoAi;::,

l^l^l':^^^^- •:> '• Oxaloacetat&. ' • ;•>.'/>•::;. Citrate'

PlitlSfc^"^^ - : T^ ':. : - ; '"^'

frr!<ft4^^^^^^^v/ ?

vT|r,.>" •'"! ''• . -"-',,. j - '•'£'*'* " •''' ' ^i,. ••'•'•J.7-.'- '~,fr : - ]<*.*; ^'r-i; '• \ wr* ' ' / . - ' f r - >'»'•,{•.•'» '> ! ,'"-' •" ; - • •',' i ' V^v,'-''***/- '"• .7 2 "r 1 1

fffe l^--] - ' ';;;!iy$|l^^
•Srt'iii''.i^f^v!r^4;Tii^^^.^^"^

232
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Measuring respiratory quotients
This exercise involves interpreting the way in which an item of 
experimental apparatus works.

The RQ of small organisms, such as woodlice or germinating seeds, can 
be determined vising the apparatus in Fig 6.15. This apparatus actually 
allows us to measure changes in pressure inside the boiling tubes. To 
understand how it works you.need to know that potassium hydroxide 
absorbs carbon dioxide.

screw-dip -

small organisms
to be studied \

gauze platform

KOH solution 

experimental tube

1cm3 syringe

three-way tap

KOH solution 

right-hand tube

caoiUary U-tute 
containing 
manometer fluid

Fig 6.15 A respirometer: this apparatus is used to measure oxygen consumption, irom which the 
respiratory quotient (RQ) is calculated.

(a) What will happen to the number of oxygen molecules in the 
experimental tube as the organisms respire?

(b) What will happen to the carbon dioxide molecules produced by 
respiration?
As a result, what will happen to the total number of gas 
molecules in the left-hand tube as the organisms respire? 
How will this affect the gas pressure in the left-hand tube? (Look 
bade at Fig 1.7 if you are not sure about this.) 
As a result of this pressure change, which way will the fluid in the 
manometer be pushed? 
If you knew the internal diameter of the manometer tube, how
would you calculate the volume of oxygen consumed by'the
organisms in the respirometer? 

(g) Why are the tubes (containing KOH solution) kept in the waterbath
throughout the investigation?
What is the purpose of the right-hand tube?
In a second experiment, the potassium hydroxide was replaced with
water. How would this enable you to determine the amount of
carbon dioxide produced by the respiration of the organisms in the
respirometer''

(c)

(d)

(e)

(f)

(h) 
(i)
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ANALYSIS continued (j) The results of an experiment using this apparatus are given in Table :-%, 
6.3. Use this information to calculate the RQ of the respiring •''% 
organisms. What does this value suggest about the nature of their . ^: 

irespiratory substrates? .. • - :£• -!.'•'•••. -•' _ .

V:?"J%$- • '••'' - - •'.''

•'•pc^saum^iy^ri^^^'-^--'^:-^:^'^^

^SVolnmexiiange •. '-'^ 
\Jaai?&C*., H'~' ' : '"J

-^QUESTION •6.4 The equations below show the catabblism of (a) g'lycerol (b)^tsleic" ^f|??
• j f ,. ' ••! .-• I- . ''-^ • '- '"' ;Vfu*:aad, a fatty aad. - .r . .. ..:.• . >, .

(b) olecacid: ZCjgH^Oj + -51O2 -> 36CO2 + 34H/3 
What is the RQ for each of these reactions? .... '.J' .#

Table 6.2 Aerobic RQ values of different 
respiratory substrates

Respiratory substrate

glucose
iiigiycci
protein

RQ

1.0
r T

0.9

The respiratory quotient (RQ) .... : M
The ratio of carbon dioxide produced and oxygen consumed per unit time 
by an organism is known as the respiratory quotient (RQ). As it is a ratio,, 
the RQ has nc units. "•;';"'

volume of carbon dioxide produced
RQ = per unit of time

volume of oxygen used 

Look at the simplified equation for the aerobic respiration of glucose: 

+ 6O2 -» 6H2O + 6CO2

Six carbon dioxide molecules are produced and six oxygen molecules are 
consumed. The RQ for this reaction is therefore 6/6 = 1.

Which tissue in your body would you expect always to have an 
RQ of 1?

The RQ value can be used to tell us something about the substrate which 
an organism is using for respiration (Table 6.2).
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ATP: the energy 
currency of the 
cell

ATP hydrolysis is favoured

kTP*~+ H?O **" r ADP^ + P3" + H* -t 30.5 kj mof

i.e. ATP has a strong tendency to 
transfer its terminal phosphoryl group, 
a reaction associated with the release 
of 30.5 k) moH of ATP, because
1. the repulsion between the four 

negative charges in ATP4- is 
reduced when ATP is 
hydrolysed because two 
negative charges are removed 
with phosphate.

2. the H+ ion which is released 
when ATP is hydroiysed reacts 
with OH" ions to form water- 
this is a highly favoured 
reaction.

3. the charge distribution on ADP 
+ P is more stable than that on 
ATP.

This part of the molecule arts like a 
'handle' - it has a shape which can he 
recognized bv highly specific 
enzymes.

This pan 01 the molecule contains 
anhydride bonds (O-P) which can be 
hvdrolvsed in reactions which are 
exergonic (energy-yielding) and can 
be coupled to endergonic (energy- 
demanding) reactions.

-pp — o—P — o — P — c

OH OH '

ADENOSINE ———•* 

—————— ADENOSINE TRIPHOSPHATE

Substrate level phosphorylation: A
phosphate group is transferred from a 
phosphorylated compound to ADP

e-9

II _
C — O—(P) C
ICOO"

ADP ATP

PHOSPHOENOL 
PYRUVATE

CH3

C=0 
I COO"

PYRUVATE

Muscle contraction:. ATP hydrolysis 
changes the position of the myosin 
'head relative to actin.

Urea synthesis: ATP hydrolysis 
drives the ornithine cycle which 
removes toxic ammonia.

2NH, - CO2 •-. 3ATP + 3H,O -> urea + AMP -r 2ATP

Protein synthesis: ATP is used to 
'load' ammo acids onto transfer RNA.

ATP 
SYNTHETASE

H' (PROTONS)

ADP + P

PROTON ^> & 
PUMP <i> ^
onven by C5 ... gi& , 
energy Irom
RESPIRATION OF FOODS (OXIDATIVE - 
PHOSPHORYLATION) or trom ABSORPTION OF 
LIGHT (PHOTOPHOSPHOHYLATION)

ATP

ATP: THE
CENTRAL

MOLECULE
IN 

METABOLISM

Active transport systems are driven 
by the phosphorylation of membrane- 
bound proteins.

Calvin cycle (dark stage of 
photosynthesis): ATP hydrolysis 
drives the cyclic reduction of CO? to 
triose phosphate.

______3CO, + 6ATP -» Iriose phosphate

Nitrogen fixation involves the ATP- 
dnven reduction of molecular 
nitrogen.

U. - BJH] - 12ATP -, 2NrV * 12 ADP - 12P

Bioluminescence: ATP hydrolvsis 
drives the oxidation of luciferin which 
releases some energy as visible light - 
useful ior fireflies!

Chemiosmosis: A proion 
gradient across an impermeable 
membrane is dissipated and the energy 
released is used to drive the 
phosphorylaiion of ADP.

ATP- the energy currency of the cell 29
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Appendix J

Curriculum materials and copies of all notes put on the 
board/OHT during Sally's unit-of-work
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84 BIOLOGY: A FUNCTIONAL APPROACH

Investigation 9.3
Digestion of starch in 
humans

-CAUTION:" ,TY : -^v^^-':
. Because of the risk of ihfectionj dojaot. 
let your mouth come into contacfwith a : 
test tube containing someone .^else'-s 
saliva. ; ' '"

Requirements
Test tubes x 12
Test tube rack
Measuring cylinder (20 cm 3 )
Water bath (250 cm 3 beaker)
Bunsen burner with tripod and gauze
Wax pencil

Starch suspension 
Dextrose (plucose) 
Iodine solution 
Benedict's reagent 
Hydrochloric acid (1.0 mol dm" ) 
Paraffin wax

Starch is a polysaccharide which has to 
be broken down into free sugar mole­ 
cules before absorption can take place.

The purpose of this experiment is 
firstly to test the hypothesis that saliva 
contains an enzyme which breaks down 
starch to sugar; and secondly to inves­ 
tigate the properties of the enzyme and 
the conditions under, which it works 
most effectively.

Starch is mixed with saliva under 
various conditions and after a given 
period of time the mixture is tested for 
starch with iodine solution and for 
sugar with Benedict's reagent. (For 
details of these tests see page 42).

It is of course important to set up 
the necessary controls and to carry out 
standard tests on starch and sugar with 
which to compare the experimental re­ 
sults. The sugar used should be a re­ 
ducing sugar, e.g. glucose.

Procedure
B Collect 20 cm3 of uncontaminated 
saliva in a measuring cylinder: the flow 
can be increased by chewing paraffin 
wax. 1
Q Transfer one quarter of the saliva to 
a test tube and place this in a boiling 
water bath for 15 minutes. Transfer a 
further quarter to another test tube: 
add four drops of hydrochloric acid 
(1.0 mol dm ), mix well and leave for 
at least 15 minutes. Keep the rest of 
the saliva untreated at room tem­ 
perature.
H Now set up six pairs of test tubes as 
follows. Label each test tube with its 
code number, using a wax pencil.
Pah- 

Pair 

Pair 

Pair

Pair

A 

B 

C 

D

E

(D 
(2) 
(3) 
(4) 
(5) 
(6) 
(7)

(8) 

(9)

4 
4 
4 
4 
4 
4 
4 
2 
4 
2 
4

cm3 
cm3 
cm3 
cm3 
cm3 
cm3 
cm3 
cm 3 
cm3 
cm3 
cm3

sugar only 
sugar only 
starch only 
starch only 
untreated saliva 
untreated saliva 
starch plus 
untreated saliva 
starch plus 
untreated saliva 
starch plus

only 
only

Q Leave the test tubes for at least 10 
minutes before you proceed further 
(why?).
Q Test the contents of each pair of 
test tubes (a) for starch by adding two 
drops of iodine solution and (b) for 
sugar by heating with one-eighth test 
tube of Benedict's reagent. Do the 
starch test on the first of each pair of 
test tubes, and die sugar test on the 
second of each pair. 
Q It is important to be able to com­ 
pare the results: this is why separate 
test tubes are used and it is also why 
the same quantities of substrate, saliva 
and test-reagent must be used in each 
case. To facilitate comparison place the 
test tubes in a rack in numerical order. 
Q Record your results in a table, indi­ 
cating which test tubes give a positive 
and which ones a negative result for 
starch and sugar. It is possible that 
some may give a result in between: if 
so, say so.

For Consideration
(1) What is the purpose of testing test 
tubes 1 to 6?
(2) In which test tubes have you 
actually tested the hypothesis that 
saliva contains an enzyme which breaks 
down starch to sugar? Does the hypo­ 
thesis turn out to be correct? Would 
you say it was proved?
(3) Which test tubes provide informa­ 
tion on the properties of the enzyme?
(4) What tentative conclusions can be 
drawn as to the chemical nature of the 
enzyme and what further experiments 
could be done to confirm these con­ 
clusions?
(5) What is the name of the enzyme in 
saliva and what compound does it pro­ 
duce from starch?

2 cm- pre-heated saliva 
(10) 4 cm3 starch plus

2 cm 3 pre-heated saliva 
Pair F (11) 4 cm3 starch plus

2 cm3 acidified saliva 
(12) 4 cm3 starch plus

2 cm 3 acidified saliva

1 If you cannot produce 20 cm' of saliva, make 
do with 10 cm 3 and halve all subsequent quanti­ 
ties and reagents.
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DIGESTION IN MAMMALS

1. What stimulates the salivary glands to secrete saliva?
2. What is the role of mucus in saliva?
3. Describe the action of the enzyme AMYLASE. What pH is its optimum?
4. How would you test for a reducing sugar? For starch?
5. How is mechanical digestion brought about in the mouth?
6. Name the 4 basic GUT LAYERS.
7. Write a definition for DIGESTION.
8. What is PERISTALSIS?
9. What happens in the OESOPHAGUS?
10. There are 3 sphincters (CARDIAC AND PYLORIC) where are they found and what is 

there purpose?
11. Rennin is in gastric juice. What does it do?
12. Which cells produce PEPSINOGEN? Why is pepsinogen produced? What converts it 

to PEPSIN? What does pepsin do? Is it an endopeptidase or exopeptidase?
13. Which cells produce hydrochloric acid? What is its job?
14. How does the stomach stop from digesting itself?
15. How would you test for a protein?
16. How is mechanical digestion achieved in the stomach?
17. Is the production of gastric juice as a result of nerves or hormones? Explain.
18. How do hormones reach their target organ?
19. What are the names of the regions of the small intestine?
20. The duodenum produces many enzymes. Name these, the substrate they act on and 

the end products of digestion. Distinguish between aminopeptidases and 
carboxypeptidases.

21. What is bile? Where is it made? Where is it stored? What is its purpose?
22. What are the following: secretin, pancreozymin and cholecystokinin and what do 

they do?
23. What are the enzymes in pancreatic juice?
24. How can we test for lipids (fats and oils)?
25. In the ileum are villi. Draw a diagram (and label) of a villus. What are the advantages 

of the villi and microvilli?
26. How can the rate of glucose absorption be increased? (in the epithelial cells). Draw 

a diagram of an epithelial cell.
27. Why is (and what is) active transport necessary?
28. How is absorption of fat droplets (chylomicron) achieved?
29. What is the hepatic portal vein? Where is it? What does it carry?
30. What are the regions of the large intestine?
31. What happens in the caecum and appendix of some herbivores e.g. rabbit? (Hint: 

Bacteria)
32. The colon is where faeces are formed. Explain how the structure of the colon 

enables this to happen. Why is fibre useful?
33. What type of muscle is the rectum?
34. Distinguish between ingestion, absorption and egestion.
35. Ask for a sweetie!!
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Structure of the gut wall. 

The basic structure of the gut wall is made up of four layers. These are:

MUCOSA-This is the innermost layer of the gut and is composed of glandular 
epithelium which secretes mucus and digestive enzymes. The mucus lubricates 
food and facilitates its easy passage along the digestive tract. It also 'prevents 
digestion of the gut wall by its own enzymes. The kmina propia is. a basement 
membrane on which the epithelial cells are located. It contains connective tissue, 
blood and lymph vessels. Outside this is a thin layer of smooth muscle, the 
musculoris mucosa.

3

SUBMUCOSA-This is a layer of connective tissue containing nerves, blood & 
lymph vessels, collagen & elastic "fibre. It may contain some mucus secreting 
vessels which deposit the contents onto the surface viaducts such as the Brunner's 
gland in the duodenum.

MUSCULARIS EXTERNA-This layer is composed of an inner circular and an 
outer longitudinal layer of smooth muscle. The two layers cause wave like 
peristaltic activity of the gut wall which propels food along. The circular muscle 
thickens hi places forming sphincters, when these relax or contract they control the 
movement of food. They are found at the junction of the oesophagus and the 
stomach, stomach,duodenum,ileum, large intestine and at the anus. Auerbach's 
plexus is found between the circular and longitudinal muscle kyers. This consists 
of nerves form the automic nervous system which control the peristalsis. Impulses 
travelling along sympathetic nerves cause the gut muscles to relax and the 
sphincters to close whilst impulses travelling via the parasympathetic nerves 
stimulate the gut wall to contract and the sphincters to open.

SEROSA-This layer is composed of loose fibrous tissue. Peritoneum covers the 
outer surface of the gut and lines the abdominal cavity and constitutes the 
mesenteries which suspend and support the stomach and intestines.
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