University of Warwick institutional repository: http://go.warwick.ac.uk/wrap
A Thesis Submitted for the Degree of PhD at the University of Warwick
http://go.warwick.ac.uk/wrap/1142
This thesis is made available online and is protected by original copyright.
Please scroll down to view the document itself.
Please refer to the repository record for this item for information to help you to
cite it. Our policy information is available from the repository home page.

Primary Science:
An analysis of changing policy,
policy text and practice

by

Sandra Lesley Eady

A thesis submitted in partial fulfilment of the requirements for
the degree of Doctor of Philosophy in Education

University of Warwick, Department of Education
January 2007

TABLE OF CONTENTS
Page
i
x
A
xii
xiii
AV

TABLE OF CONTENTS
LIST OF TABLES
ACKNOWLEDGEMENTS
DECLARATION
ABSTRACT
LIST OF ABBREVIATIONS
CHAPTER ONE INTRODUCTION.......................................................

1

1.1 OVERVIEW OF THE STUDY

1

1.2 PRIMARY SCIENCE

3

1.3 POLICY TRAJECTORY MODEL

6

CHAPTER TWO LITERATURE REVIEW

.............................................

12

2.1 INTRODUCTION

12

2.2 CONTEXT OF POLICY INFLUENCE

12

2.2.1 Philosophicaland Cognitive influences

12

2.2.2 Political and policy influences

23

2.3 CONTEXT OF POLICYTEXT PRODUCTION

30

2.3.1 Implementationof National Curriculum (1989)
2.3.2 National Curriculum revision (1991)

31

2.3.3 National Curriculum revision (1995)

39

2.3.4 National Curriculum revision (1999)

42

2.4 CONTEXT OF POLICY PRACTICE

33

43

2.4.1 Teacher subject knowledge

43

2.4.2 Scientific investigations

50

2.4.3 Teaching strategies and conceptual understanding

51
Page

CHAPTER THREE METHODOLOGY
.................................................
3.1 INTRODUCTION

61

3.2 AIMS

61

3.3 RESEARCH DESIGN

62

3.3.1 Role of researcher

61

64
i

Page
3.3.2 Ethical issues

65

3.3.3 Trustworthiness, issues of validity and reliability

67

3.3.3.1 Survey

67

3.3.3.2 Case study

70

3.3.3.3 Group interviews

75

3.3.3.4 Observations

79

3.3.4 Sampling strategy

81

3.4 METHODS OF DATA COLLECTION

86

3.4.1 Questionnaire

86

3.4.2 Individual interviews

87

3.4.3 Group interviews

88

3.4.4 Observation

89
90

3.5 DATA ANALYSIS
3.5.1 Quantitative data

90

3.5.2 Qualitative data

90

3.5.2.1 Interview data

91

3.5.2.2 Observation data

93

CHAPTER FOUR THE ELITES

........................................................

95

4.1 INTRODUCTION

95

4.2 AIMS

95

4.3 METHODS

95

4.3.1 Participants

95

4.3.2 Materials

97

4.3.3 Procedure

97

4.3.4 Analysis

98

4.4 RESULTS

98

4.4.1 Context of policy influence

99

4.4.1.1 Curriculum

99

4.4.1.2 Pedagogy

101

ii

Page
4.4.1.3 Assessment/accountability
4.4.1.4 Teacher development and subject knowledge
4.4.2 Context of policy text production

104
105

4.4.2.1 Curriculum

105

4.4.2.2 Pedagogy

108

4.4.2.3 Assessment/accountability

109

4.4.2.4 Teacher development and subject knowledge
4.4.3 Context of policy practice

110
113

4.4.3.1 Curriculum

113

4.4.3.2 Pedagogy

114

4.4.3.3 Assessment/accountability

115

4.4.3.4 Teacher development and subject knowledge
4.5 DISCUSSION
4.5.1

102

Context of policy influence

118
119
119

4.5.1.1 Curriculum

119

4.5.1.2 Pedagogy

122

4.5.1.3 Assessment/accountability

123

4.5.1.4 Teacher developmentand subject knowledge

124

4.5.2 Context of policy text production

125

4.5.2.1 Curriculum

125

4.5.2.2 Pedagogy

128

4.5.2.3 Assessment/accountability

130

4.5.2.4 Teacher developmentand subject knowledge

132

4.5.3 Context of policy practice

134

4.5.3.1 Curriculum

134

4.5.3.2 Pedagogy

135

4.5.3.3 Assessment/accountability

136

4.5-3.4 Teacher developmentand subject knowledge

138

4.6 CONCLUSION

141

iii

Page
CHAPTER FIVE THE REGIONAL SURVEY
..........................
5.1 INTRODUCTION

.............

143
143

5.2 AIMS

143

5.3 METHODS

144

5.3.1 Participants

144

5.3.2 Materials

144

5.3.3 Procedure

145

5.3.4 Analysis

145

5.4 RESULTS

145

5.4.1 Profile of the sample
5.4.2 Curriculum

146

5.4.3 Pedagogy

148

5.4.4 Assessment/accountability

152

5.4.5 Teacher developmentand subject knowledge

153

5.5 DISCUSSION

147

156

5.5.1 Curriculum

157

5.5.2 Pedagogy

158

5.5.3 Assessment/accountability

165

5.5.4 Teacher developmentand subject knowledge

166

5.5.4.1 External support

166

5.5.4.2 Internal support

169

5.6 CONCLUSION

170

CHAPTER SIX HEAD TEACHER INTERVIEWS
.................................
6.1 INTRODUCTION

173

6.2 AIMS

173

6.3 METHODS

174

173

6.3.1 Participants

174

6.3.2 Materials

175

6.3.3 Procedure

176

iv

Page
6.3.4 Analysis
6.4 RESULTS

176
177

6.4.1 Curriculum

177

6.4.2 Pedagogy

179

6.4.3 Assessment/accountability

180

6.4.4 Teacher developmentand subject knowledge

182

6.5 DISCUSSION

183

6.5.1 The head teachers

184

6.5.2 Curriculum

187

6.5.3 Pedagogy

189

6.5.4 Assessment/accountability

191

6.5.5 Teacher developmentand subject knowledge

193

6.6 CONCLUSION

195

198
CHAPTER SEVEN THE SCIENCE CO-ORDINATORINTERVIEWS
........
198
7.1 INTRODUCTION
7.2 AIMS

198

7.3 METHODS

199

7.3.1 Participants

199

7.3.2 Materials

200

7.3.3 Procedure

200

7.3.4 Analysis

201

7.4 RESULTS

201

7.4.1 Curriculum

201

7.4.2 Pedagogy

203

7.4.3 AssessmentlaccountabiIity
7.4.4 Teacher developmentand subject knowledge

205

7.5 DISCUSSION
7.5.1 The science co-ordinators
7.5.2 Curriculum

207
209
209
213

V

Page
7.5.3 Pedagogy

215

7.5.4 Assessment/accountability

217

7.5.5 Teacher developmentand subject knowledge
7.6 CONCLUSION

223

CHAPTER EIGHT CLASS TEACHER INTERVIEWS

226

...........................

220

8.11NTRODUCTION

226

8.2 AIMS

226

8.3 METHODS

227

8.3.1 Participants

227

8.3.2 Materials

228

8.3.3 Procedure

228

8.3.4 Analysis

228

8.4 RESULTS

229

8.4.1 Curriculum

229

8.4.2 Pedagogy

234

8.4.3 Assessment/accountability

239

8.4.4 Teacher developmentand subject knowledge

242

8.5 DISCUSSION

244

8.5.1 The class teachers

244

8.5.2 Curriculum

246

8.5.3 Pedagogy

251

8.5.4 Assessment/accountability

256

8.5.5 Teacher development and subject knowledge
8.6 CONCLUSION

260
263

CHAPTER NINE PUPIL INTERVIEWS
..............................................
9.1 INTRODUCTION

266

9.2 AIMS

266

9.3 METHODS

267

266

vi

Page
9.3.1 Participants

267

9.3.2 Materials

267

9.3.3 Procedure

267

9.3.4 Analysis

268

9.4 RESULTS

269

9.4.1 Curriculum

269

9.4.2 Pedagogy

273

9.4.3 Assessment/accountability

277

9.5 DISCUSSION

279

9.5.1 Curriculum

279

9.5.2 Pedagogy

285

9.5.3 Assessment/accountability

289

9.6 CONCLUSION

293

CHAPTER TEN OBSERVED LESSONS
..........................................
10.1 INTRODUCTION

297

10.2 AIMS

298

10.3 METHODS

298

297

10.3.1 Participants

299

10.3.2 Materials

299

10.3.3 Procedure

300

10.3.4Analysis

300

10.4 RESULTS

301

10.4.1 CT4A

301

10.4.2 CT1B

304

10.4.3 CT1C

306

10.4.4 CT213

309

10.4.5 CT313

311

10.4.6 CT4B

312

10.5 DISCUSSION

314

vii

Page
10.5.1 Curriculum

315

10.5.2 Pedagogy

317

10.5.2.1 Practical activity

317

10.5.2.2 Quality and purpose of talk

320

10.5.2.3Written tasks

323

10.5.3Assessment/accountability

325

10.5.6Teacher developmentand subject knowledge

327

10.6 CONCLUSION

329

CHAPTER ELEVEN CONCLUSION

332

.................................................

11.1 INTRODUCTION

332

11.2 KEY FINDINGS FROM LITERATURE

333

11.3 LIMITATIONS OF THE STUDY

337

11.4 THE POLICY TO PRACTICE CONTEXT

341

11.5 IMPLICATIONS

359

REFERENCES
..............................................................................

366

APPENDICES
..............................................................................
ELITE INTERVIEWSCHEDULE
4.1

398
398

5.1

SURVEY QUESTIONNAIRE

400

6.1

HEAD TEACHER INTERVIEWSCHEDULE

405

7.1

SCIENCE CO-ORDINATORINTERVIEWSCHEDULE

406

8.1

CLASS TEACHER INTERVIEWSCHEDULE

407

9.1

PUPIL INTERVIEW SCHEDULE

408

10.1 OBSERVATIONSCHEDULE

409

10.2 OVERVIEW OF OBSERVED LESSONS

410

10.3 TRANSCRIPTS FROM LESSON OBSERVATIONS

411

10.3.1CT4A

411

10.3.2 CT1B

411

viii

Page
10.3.3 CT 1C

414

10.3.4 CT2B

414

10.3.5 CT3B

417

10.3.6 CT4B

419

ix

LIST OF TABLES

Page
63

Table 3.1

Overview of data collecting process

Table 3.2

Interview data collected from case study schools

Table 5.1

Barriers to teaching science

147

Table 5.2

Learning science

149

Table 5.3

Classroom organisation

150

Table 5.4

Pupil tasks

151

Table 5.5

Purpose of assessment

152

Table 5.6

Professional needs

153

Table 5.7

School developmentneeds

154

Table 5.8

Professionalduties

155

Table 8.1

Class teaching responsibilities

227

84

x

ACKNOWLEDGEMENTS

I would like to extend my gratitude and thanks to my supervisor Professor
Carol Aubrey for the guidance, support, suggestionsand valuable time given
to me throughout the course of this research. I am also indebted to the
Education Faculty at St Martin's College, Lancaster,who have continued to
support my part time study both financially and academically.
I would like to thank my family, in particular my mother and father who have

always provided support and encouragementfor me throughout my life.
Finally I am indebted to my husband for his sympathetic understandingand
support over the last five years of study and of course to my son, Alexander
who was born half way through the study period, and has always managedto
help me keep life and work in perspective.

xi

DECLARATION

I declare that the thesis presentedhere is my own work. To the best of my
knowledgeand belief, the thesis contains no material previously publishedor
written by another person except where due reference is made in the thesis

itself.
I declare that this work has not previously been submitted for a degree or

diploma in any university.

GZI-c
eý7-ýCtl...............................

Sandra Lesley Eady

, -:-?ýý,
...........

2-00ý
.......

Date

xii

ABSTRACT
This thesis sets out to examine the extent to which primary science is a
in
interplay
between
which
perspectives
and
political
educational
complex
turn has influenced and shaped the way primary schools interpret, reconstruct
and implement science in practice.
This study uses a policy trajectory to consider the changing conceptions of
primary science within the arenas of policy influence, policy text and practice
in relation to its curriculum content, related pedagogy and assessment. In
development
to
it
impact
the
of
professional
nature and
addition, examines
support the implementation of primary science in practice. Evidence was
collected through a series of interviews with elite figures in education, a
in
in-depth
order
studies
cases
survey
of
primary
schools,
along
with
regional
to develop a deeper understanding primary science within the policy to
practice context.

The findings would indicate that despite a succession of top down science
education policy reforms, there are still concerns about the extent to which
teachers have sufficient science subject knowledgeto develop conceptual
how
idea
investigations
the
and
a
clear
of
purpose of science
understanding,
to use formative assessmentas an effective way of diagnosing pupil
understanding.Furthermore,the evidence would suggest that the emphasis
placed on summative assessmentand accountability has narrowed teachers'
conceptionsof primary science.
The implications are that science policy reform needs to acknowledgeexisting
definition
a
and
support
wider
of science that includes an
practice
appreciationof the historical and cultural aspects of science together with an
understandingof technological applications. In addition, a more robust
infrastructureof professional development needs to be in place which places
more emphasis on the science co-ordinatorto support teaching and learning
in order to provide teachers with access to a changing knowledge base and
opportunitiesto update skills in primary science. Unless these implications
are given serious consideration the unrelentingfocus on performativityand
accountabilitywill prevent any real development of creativity and innovation in
the primary science curriculum.
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CHAPTER ONE: INTRODUCTION

1.1 OVERVIEW OF THE STUDY
When we look back at the curriculum in English Primary schools prior

to the Education Reform Act (ERA) (DES1988a),'science'was not a
significant part of the primary school curriculum. HMI (DES 1978) had
argued earlier that the progress of science teaching in primary schools
had been disappointing. Yet by 1991 science was a key componentof
every child's primary education with approximately 10% of curriculum
time spent on science (Ofsted 1999a). Furthermore,international
comparisons suggestedthat year five (Y5) pupils in England were
performing at the highest levels in science, with only two countries
showing better results (Ofsted 2005a). Whilst political interests viewed
the 'success' of primary science in terms of national and international
comparability (Martin, Mullis, Gonzalez and Chrostowski 2004),
educators perhaps perceived 'primary science' and success' in a
different way. For example, promotingteaching that recognisedthe
importance of pupils' existing ideas and the interaction of processes
and concepts to develop scientific understandingtogether with
fostering positive attitudes to science, provided quite a different
perspective of 'success' (Harlen 1993). Furthermore, to develop an
understandingof the historical origins of scientific ideas, along with an

appreciationof the technologicalapplications,enabling children to feel
confident and competent enough to engage with a range of scientific
issues within a global dimension,provides perhaps another view of
'success' (Millar and Osborne 1998).

Such differing perspectives serve to illustrate the complexity behind the
present conceptions of primary science and point to the fact that in
order to make sense of the current practices it is necessaryto
'deconstruct' such terms as 'primary science', and examine possible
factors which over time have influenced and shaped our
understanding. Whilst we might turn to philosophy or cognitive
psychologyto understandthe origins of 'primary science' from an
educational perspective,the increased political interest in education
since ERA (DES1988a)would suggest that it was equally importantto

examinethe influencesoriginatingfrom the educationalpolicycontext
(Ball 1994, Ball 1999). Furthermore,it is how this is understoodand
interpreted by teachers in order to construct learning experiencesfor
pupils which really enables us to understandwhat constitutes primary

sciencein practice.In fact Pollard,Broadfoot,Croll, Osborn,and
Abbott, (1994) argued that teachers appear to mediate the external
pressures upon them through the filter of their own professionalism
and practice and as a result they effectively become 'makers' as well
as 'implementers' of policy in their own classrooms (Pollard et al. 1994

2

p.78-79). Finally how pupils, with their own beliefs and ideas, interact
and make sense of such learning experienceswill provide yet another
perspectiveof 'primary science'.

In order to make sense of current conceptions it is necessary to take

account of related historical and current notions of what is understood
by'primary science' and how the related strands of 'curriculum',
'pedagogy' and 'assessment' which Ball (1994) refers to as the

'message systems of education' and to acknowledge how these are
influenced and even shaped by the wider policy agenda. Thus, debate
and discourse about the nature of science and its rationale as a
curriculum subject in primary schools needs to be considered
alongside conceptions of learning and knowledge bases for teaching.
Likewise the debate about the place and purpose of assessment has
also contributed to the notion of science in primary schools, which in
turn have been influenced by political ideologies of market forces and
the needs of a 'high skills economy' (Ball 1999).

1.2 PRIMARY SCIENCE
Cognitive psychology (influenced by the ideas of Ausubel, Bruner,
Piaget and Vygotsky) and philosophy (in particular the ideas of Popper
and Kuhn) have influenced the development of science education
resulting in a large body of research (often referred to as constructivist

3
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learn
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how
better
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growth
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steady
a
learners use existing ideas to assimilate new knowledge, the kinds of
ideas they have about particular concepts and of the interplay between
formal and informal ideas (Driver 1983, Osborne and Freyberg 1985
and Haden 1993). This has, over time, provided a sound basis for
ascertaining what might be appropriate 'content'for primary science,

based on what is known about children as learners and the likely
progressionof conceptual knowledge. It has also provided evidence of
the links between process skills and conceptual understandingalong
with the significance of thinking and reasoning of ideas and findings
(Harlen 1993). The research has also begun to illuminate the role of
the teacher in that process, raising issues about the importance of
teacher subject knowledgewithin the teaching and learning process
including capabilities to conduct formative rather than summative
assessmentsas well as the extent to which constructivist ways of
learning may translate into constructivist approaches to teaching.

However it was only since the introduction of a Science National
Curriculum (1989b) for Key Stages One and Two (KS1&2) referred to
in this study as the Primary Science National Curriculum (PSNC) that a
detailed, 'knowledge based' science curriculum had been outlined for

4

primaryschools.

Prior to this 'science' as a subject to be studied was

formed
learning
it
defined
of
often
part
a
or
clearly
and
apparent
not
experiencethrough 'topic'work. Conceptionsof primary science
focused predominantlyon process skills rather than content
knowledge. Outdoor or nature study was perhaps the closest aspect of
the primary curriculum to science and related practical work and
involved observationaldrawing, collectionsor a stimulus for creative
writing and poetry, with a focus on 'discovery' in order to develop
generic process skills such as observation and measurement (Russell,

Bell, McGuigan,Qualter, Quinn and Schilling 1992). In fact the
Assessment PerformanceUnit (APU) survey (1988) suggested that
teachers focused predominatelyon generic rather than science
process skills at this time. The notion of 'scientific enquiry'was not a
clearly defined aspect of the primary science curriculum until the PNSC
(1989b). Likewise early curriculum materials such as Nuffield Junior
Science Project (1967) assumed that what children investigatedwas
unimportant, it was how they investigatedand even the main aim of
Science 5/13 (1972-1975)was to'develop an enquiring mind and a
scientific approach to problems'.

Thus the emphasis of the science curriculum at this time was on the
learner and providing an enriching environment in which he or she was
invited to explore, with any notional content reflecting the interests of

5

the pupils or teachers and as such was often in the form of everyday
observable objects or phenomenalinked to the senses. Moreover,
because many primary school teachers lacked a science background,
they were unlikely to have any depth of understandingor expertise in
elementary science. The advent of the PSNC (DES1 989b) not only

specified a body of scientific content but also defined scientific enquiry
for primary schools, thus providing a very different conception of
'primary science' and one, which demanded a structured and more
rigorous approach to learning. The PSNC (DES1989b) broadenedthe
definition of primary science to include physical and material sciences
as well as a basic knowledgeof the scientific method. In addition it
introducedthe notion of a progressionof understandingwithin each
strand of the programmesof study which could be assessed.

1.3 POLICY TRAJECTORY MODEL
Whilst it may be possible to gain an insight into differing perspectives
and constructions of 'primary science' over time, it is also important to
understandthat such perspectivesare constructed at different levels
and in varying contexts as well as constantly changing. On a micro
scale, the way teachers understand,interpret and re-construct primary
science will be intrinsically linked to their beliefs, knowledge and
experience of science curriculum, learning theories and assessment,
as well as the contextual factors in which they operate. On a macro

6

level different local and national pressuregroups and political parties
will compete to influence educationalpolicy in relation to global and

nationalinterests.

In order to understand the dynamic and complex relationship between

discourse, policy and practice in relation to primary science in this
study, a policy trajectory was used (Bowe, Ball and Gold 1992). This
suggested that competing ideologiesand interests struggle to influence
policy and practice at three levels. Within the context of influence,
Bowe et al. (1992) argued different interest groups compete to
influence the definitions and purpose of education. Increasinglythe
people that form part of this group are drawn more from a ministerial
group, with educationalists,including teachers being increasingly
absent from the context of influence.

In the context of policy text production Bowe et al. (1992) suggested
that the production of formal and informal policy texts reflected a
compromise of views, struggles and influences of the policy writers in

the sameway as arenasof influencerepresentcompetingviews.
Furthermore,they argued that whilst policy texts were written in a
language that was understood and acceptable to the public and
appealed to common sense, they were not necessarily coherent in
practice in that they tended to apply to an ideal world rather than to
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specific contexts. Thus, policy texts need to be read in relation to
others produced at the time otherwisethey can appear contradictory
and do not take account that policy has evolved or moved on.

However, Bowe et al. (1992) suggested that the policy text has real

consequencesonly when it is enacted within the context of practice.
Ultimatelythe policy writers cannot control how their texts will be
interpreted, and there is no guaranteethat stakeholderswill digest
policy and implement it as effectively as they can. Instead they
interpret and recreate it in relation to their contexts, existing beliefs,
views and practices and in relation to the resources they have
available. Before policy is implementedit has first to be understood
and an interpretationagreed amongst stakeholders of what it will look
like in their context. In addition, stakeholders may pick out bits of
policy that they agree with and deliberately 'misinterpret' or ignore
other aspects that they do not like for whatever reason. In this sense it
could be argued that the balance of power shifts from the policy
makers to the policy implementers.Thus Ball (1994) suggested that it
was impossible for policy writers to control how policy will be carried
out in practice as policy received in schools was not just implemented
but was subject to individual interpretation and was recreated by
individuals and groups. However government and policy writers are
dependant on schools to implement policy and either 'praise' teachers
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for their efforts, commitmentsand skills or put measures in place to
Ienforce and monitor' implementation (Bowe et al. 1992, Ball 1994).

Galton (1995) argued that the imposition of policy and legislation,
without much consultation resulted in much confusion and resentment

among teachers who were requiredto implement it in their classrooms.
In addition, Black (1995) suggestedthat often teachers have been
treated with remarkable insensitivityand have been seen as part of the
problem. This he argued was counter-productive,as it must be
recognisedthat teachers are the key to educational improvement.If
they do not share the aims, reflected in policy text then they will be
reluctant to make it work in practice (Black 1995 p.180). More recently
Alexander (1997) argued that in many instances teachers who have to
make policy work in practice do not really change their teaching
methods but look for ways of accommodatingor integrating new
initiatives within existing practice. However, Richardson (1998) claimed
that teachers only resist change when it is statutory or suggested by
others; where teachers are involved in the change process it can be

effective.

Longitudinalstudies carried out by Galton, Simon, and Croll (1980);
Galton, Hargreaves, Comber, Wall and Pell (1999); Pollard et al.
(1994); Pollard and Triggs, (2000) and Osborn, McNess and Broadfoot
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(2000) have mapped the trend started by the Conservativegovernment
(1992) and continued under New Labour to stamp out the distinctive
progressive child centred ideologieswith a significant shift toward
whole class single subject teaching (Brehony 2005). These studies
question whether the subsequent legislation that followed the

introductionof the NC did really provide a centralised curriculum to
ensure breath, balance, continuity and progressionor whether the
focus to make schools more responsiveand accountable to parents
and wider society became more important.

In order to make sense of the interplay between educational and
political discourse, policy and practice, this study will use the policy
trajectory (Bowe et al. 1992) as a framework to examine the political
and educational conceptionsof primary science within policy and
policy text prior to and after the introduction of the PSNC (DES1989b).
In addition, it will analyse how teachers in turn interpret and reconstruct
primary science in their classrooms.

In order to explore the underlying ideas the research attempts to
address the following research questions

1. To what extent is primary science a product of conflicting
influences, views and perspectives?
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2. In what ways have recent policy, policy text and discourse
contributed to the debate and developmentof the primary

sciencecurriculum?

3. How do schools, Head Teachers (HTs), Science Co-ordinators
(SCs) and Class Teachers (CTs) interpret, reconstruct and

implement primary science in practice?

CHAPTER TWO: LITERATURE REVIEW

2.1 INTRODUCTION

Using the policy trajectory (Bowe et al. 1992) outlined in the previous
chapter, this review will report emerging and conflicting conceptionsof
primary science through research literature and policy documentation
as it relates to the changing policy to practice context.

2.2 THE CONTEXT OF POLICY INFLUENCE.
2.2.1 Philosophical and Cognitive influences
The way in which the creation of scientific knowledge is perceived and
how learning takes place in schools has been influenced by
philosophicalviews of scientific knowledge (Warwick and Stephenson
2002). Nussbaum (1989) suggestedthat much of the science
education research in 1980s advocated a social view of constructing
knowledge,which particularly showed signs of influences from
philosopherssuch as Kuhn (1970), Toulmin (1972) and Lakatos
(1970). As a result, much of the research in science education in the
last twenty years has been based on the assumption that knowledge is
not'discovered' but is 'constructed', it does not proceed by an
accumulationof more and more facts to confirm existing theories, but
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by a rigorous testing of existing ideas in order to refute rather than
verify them (Popper 1972). Thus, when anomalies in one tradition of

to
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then
to
there
a
need
move
a
so
great
practice
scientific
(1970)
'paradigm
Kuhn
termed
basis
a
which
of
scientific
practice,
new
shift', or a scientific revolution.

In the 1960s and 1970s, cognitive learning theories also had a strong
influence on the prevailing educationalideology of 'action' and 'doing'
and learning though 'discovery' in primary science (Osborne and
Simon 1996). For example, Dewey's (1859-1953) emphasis on 'hands-

on' experience influenced thinking about the way that natural,
spontaneous activities could be directed towards educational ends,
whilst Piaget's stages of learning and in particular, concrete
experiential learning, provided evidence that young children learned
most effectively in this way, often with teachers providing stimulating
activities, encouraging children to reflect on their experiences, although
not necessarily correcting 'wrong' ideas. Driver, Asoko, Leach,
Mortimer and Scott (1994) argued that Piaget's ideas about how
children constructed meaning symbolised what has now become
known as personal or cognitive constructivism.

However, towards the end of the 1970s there were growing concerns
about primary science perceivedjust as 'process'. The work from the
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APU in the 1970s and 1980s provided evidence that although
'processes'were ranked highly by teachers they were not always
'scientific processes',whilst'process objectives' which were
specifically 'scientific' had a low ranking (Osborne et al. 1996). At
about the same time further debate about the importance of both
content and process skills in primary science was reflected in Haden's

(1978) seminal paper. Also of importancewas a concern that science
should be for all and that in addition to knowledge and process a
science curriculum should include the study of the social and cultural

value of science (Black and Ogborn in White, Black, Ogborn, Crick,
Aspin and Lawton 1981). In addition, a dissatisfactionwith learning
theories based solely on Piaget's stages of development had led to a
growing interest in the way children's existing ideas influenced learning
(Ausubel 1968). This led to the emergence of constructivist research
which saw the elicitation of children's prior knowledge or
preconceptions,as a vital part in the construction and reconstructionof
knowledge. Equally interaction through discussion and reasoningwas
necessary in order to encourage 'meaningful learning' (Ausubel 1968).
Furthermore,Millar and Driver (1987) provided a powerful argument as
to why learning science was more than just mastering process skills
which they saw as no more than characteristics of logical thought
(Millar and Driver 1987), providing further evidence that some notion of
8content'was important.
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Theories of how children's initial ideas might be challenged or
extended by the support of knowledgeableadults added to the growing
interest in the role of the teacher as an active participant guiding and
supporting learning in advance of a child's development and therefore

playing a crucial part in supportingconceptual change in science
(Vygotsky 1962,1978). Vygotsky emphasisedthe importance of the
social context and the role of others in the process of constructing and

reconstructingknowledge (Vygotsky 1962,1978). In addition, Bruner's
(1960) notion that the teacher should become knowledgeableabout
the structure of subject matter they want to teach by knowing the key
ideas and concepts and sequence rather than letting pupils discover
everything for themselveswas also an important influence on primary
science. These ideas led to the growing interest in science that
knowledgewas socially constructed. Driver et al. (1994) argued that
scientific understandingswere constructedwhen individuals engage
socially in talk about shared problems and tasks in order to develop
common knowledge. In this way the teacher acts as a 'bridge' between
pupils existing ideas and those of the scientific community. Thus it is
vital that teachers have a thorough understanding of the science
subject matter as well as children's alternative frameworks in order to
inform their teaching (Driver 1989). In addition Vygotsky (1978)
emphasised the use of language as an important part of the process of

15

learning along with interactionwith the social world in order to develop
because
'children
and
communication
skills,
solve practical
cognitive

tasks with the help of speech as we// as their eyes and hands'
(Vygotsky 1978 p.26). Thus, the importance of the social environment
and interaction with peers and teachers, especially when encouraging

children to articulate their ideas in relation to those of others has
influencedthe way science has been construed in the primary school.
HoweverWindschitl (2002) argued that distinctions between
'discovery' and 'constructivist' ways of learning are easily blurred and
have been confused in the past. He suggested that essentially
learning
is
learner
based
'pedagogy
that
on
was
a
constructivist
centred but teacher controlled';whereas with discovery learning the
teacher does no more than set up the learning environment and the
learner is left to construct meaning by himself.

Perhaps some of the most influential and powerful ideas originating
from the emergence of constructivist ideologies came from the
Children's Learning in Science (CLIS) Project (Driver 1983) and the
Learning in Science Project in New Zealand (Osborne and Freyberg
1985). It could be argued that both have had a significant and long
lasting impact on developing so called 'constructivist' approachesto
learning in both primary and secondary science education. Drawing
from both philosophicaland cognitive theories CLIS (Driver 1983),
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'big ideas', rather than accumulatinga body of knowledge. Both Driver
(1983), and Osborne and Freyberg (1985) advocated that from an

early age children were developing sets of beliefs and ideas about a
range of natural phenomenaand that these often varied widely from
the accepted theories in science education. Driver (1983) argued that
children's 'alternative frameworks' could either be poorly articulated

versions of scientific ideas, which with careful teaching, could be
developed, or they could be very different or opposing accounts to
accepted scientific ideas. She proposed a model of teaching and
learningwhich first involved orientation and eliciting children's ideas,
followed by intervention, leading eventually to a restructuring and
application of these to new contexts and finally a review of change in
ideas.
However
Driver et al. (1994) warned that different
pupils'
aspects of science involved different kinds of teaching. Furthermore,
ideas
do
pupils'
evolve over time but they may hold a range of
not only
alternativeframeworks at any one time ranging from personalisedor
shared common sense every day explanations as well as 'scientifico
views (Driver et al.1994 p.7). More recently Johnson and Gott (1996)
have suggested that eliciting children's ideas is not a straightforward
process.
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Driver (1983) suggested that the teaching materials and the kind of
practical work seen in schools were often based on the traditional
'inductive' view of science and the 'scientific method'. Even early texts
such as Nuffield Junior Science (1967) and Science 5-13 (1973),

although emphasising practical experiencesand discovery learning (in
line with Dewey, Piaget and Bruner), assumed that young children did
not have existing ideas worth considering.So although pupils were
supposed to 'act like scientists', pupils' limited experiences often meant
that despite being placed in rich and stimulating environmentsthey did
not know what they should observe or what relevance it might have to
their existing understanding. As a consequence pupils were often
unable to make the same links or see the connections in the way
scientists do and in the ways their teachers had planned, particularlyin
practical work.

Driver (1983) and Driver et al. (1994) have argued that even if teachers
do to take account of children's 'alternative frameworks' these could
I
still be very difficult to change and may even involve some 'unlearning'.
Others (Osborne and Freyberg 1985, Solomon 1994) came to similar
conclusions. Solomon (1994) suggested that rather than dismiss their
own ideas; pupils might hold more than one definition, an everyday
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Whilst the APU Surveys and the seminal work of Driver (1983) had
provided an evidence base about children's ideas predominantly in

secondary school, little was known about the understanding and
capabilities of younger children. Science processes and concept
exploration (SPACE) (1986-1990)provided a comprehensive picture of
young children's knowledge and understandingof science, heavily
influenced by the constructivistlearning theory (Osborne and Simon
1996). It advocated a constructivistapproach not just for eliciting
children's ideas but also provided evidence of the interrelationship
between concepts and process skills in order to test in a scientific way
(Black and Haden in Black and Lucas 1993). It aimed to develop an
understandingof:
ideas
children's
about aspects of the world around them:
o
*

how they came to form these ideas:

helping
the
possibilities
of
children modify their ideas to bring
e

them closerto moreuseful,scientificones
(Nuffield 1993 p.6)

Another important aspect of this project was the development of
'concept probes', which could promote formative assessment as an
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integral part of teaching. The outcome from this research was a series
(1990-1998)
teaching
and
materials
reports
research
published
of
(Nuffield 1993).

Whilst these had considerableinfluences on the way the educational
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NC and publishing the implicationsfor teaching science in schools.

Despite the growth of constructivistexplanations of learning science

be
theory
'con
to
as
a
construed
structivism'could
cautionas whether
of learning had been called into question (Osborne 1996), Richardson
1996). Driver (1989) also argued that constructivism and science
had
that,
learning
to
acknowledge
while
might occur
education
naturally in the context of every day experience, the learning of science
does have to be organised, and children cannot be expected to know
what to observe or what the significance of their observations might be
in relation to an abstract concept such as 'force' or 'motion', they need
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to be 'initiated into ways of seeing' (Driver 1989 p.482; Hodson and
Hodson (1989, Haden 1993). Richardson(1997) suggested there
remains limited understandingamong teachers of constructivismin
relation to teaching and learning,whilst Hausfather (2001) has called
for teachers to have a deeper Understandingof the role of content in
constructivistteaching in order to improve pupil learning.
Constructivismis often equated with making learning 'fun' usually
though physical activities; whereas Hausfather(2001) argued that it is
mental activity that is of primary importance. Because pupils construct

meaningjust as much by listening as by doing, subsequentlyteaching
approaches need not necessarilybe constructivist (Hausfather2001).

Whilst debates about teacher's subject knowledge have helped to
influence our understandingof the knowledge bases needed to teach
science they have also illustratedthe conflicts and tensions which
arose when teachers who were trained within the context of one
ideology were suddenly expected to adapt and teach a curriculum that
represented a shift in ideology and discourse (Turner-Bissett 1999).
For example, the changing conceptions and aims for primary science
from a largely 'process' based curriculum prior to the PSNC (1989b) to
a predominantly 'content' based one had huge implications in terms of
the subject knowledge necessary to deliver the PSNC (Osborne and
Simon 1996). In this sense research on the importance of subject
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knowledge of primary science (Bennett and Carr6 1993) cannot be
underestimatedand has in turn influencedmany of the subsequent
evaluations of teacher's capabilitiesto teach primary science.

Shulman's (1986) seminal work identified the importance of subject
knowledge, pedagogic content knowledgeand knowledge of
curriculum materials (Shulman 1986, Grossman,Wilson and Shulman
1989) with pedagogical content knowledge often overlooked. Since this

work there has been a number of studies identifying and analysing
different kinds of subject knowledge necessaryfor teaching. Within the
broader theory of the constructionof knowledge (Mintzes and Arnaudin
1984 in Cazden 1990) made the distinction between 'formal' and
'informal' knowledge;the former being knowledge learned in a formal
by
like
latter
being
knowledge
the
the
setting
school and
generated
individuals making sense of the world around them. In addition, Ernest
(1989) looked at attitudes in relation to pedagogical subject knowledge
along with Tamir (1988) and Smith and Neale's work in Brophy (1991).
Much of Fenstermacher'swork in Darling-Hammond(1994) made a
distinction between teacher's knowledgeand belief and built upon
earlier research on 'propositional' and 'procedural' knowledge. More
recently Turner-Bissett (1999) provided a comprehensive range of
categories of knowledge encompassedby pedagogic content
knowledge, in response to the ITE standards (1998), which she
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believed to be important for the 'expert' teacher. She suggested, rather
than supporting the developmentof teacher subject knowledge,these
'standards' provided a narrow rather impoverisheddefinition of the
knowledge bases needed for teaching (Turner-Bissett 1999).

2.2.2 Political and policy influences

Emerging political debates and discourse, signified by a variety of
discussion papers, reports and governmentWhite Papers, have also
helped to shape conceptions of and aims for science in the primary

curriculum. Prior to the NC the Primary Survey (DES 1978) had
reported concern about science within the primary curriculum and
stated that,

insufficientattentionwasgivento ensuringpropercoverageof
...
key scientificnotions;the teachingof processesand skills such
as observing,the formulatingof hypotheses,experimentingand
recordingwasoftensuperficial.
(DES1978p.58)
In addition, the report suggested that support at the local level was
seen as having little effect, indicatingthat primary teachers' poor
subject knowledge was a possible cause. Further suggestions of ways

in which pupilsmightlearnsciencewere reportedin Sciencein primary
schools (DES 1983b) which a few years later appeared to have a
significant impact on Science 5-16 a statement of policy (DES 1985a)
where ten principles consideredfor a science curriculum were outlined.
It also stated that all pupils should be taught science whilst highlighting
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the lack of teacher subject knowledgeas a main obstacle to this
happening in primary schools. Issues around teacher subject
knowledge had also been raised in the White Paper Quality Teaching
(DES 1983a).

The Association of Science Education (ASE) also prepared the
groundwork for defining primary science during the 1980s and raising
its status in schools by publishing a series of discussion papers (1974,
1976,1979 and 1981) and in 1986 launched Primary Science Review,

which was aimed at disseminatingresearch and good practice from
advisory teachers and classroom practitioners.

Thus argumentsfor the importanceof startingsciencein the primary
school, were gathering strength and there was a greater clarity about
its purpose, goals and content, (DES 1983b, DESNVO1985a, DES
1985b and ERA 1988a). The consequenceof these significant
influencers of discourse from both private and public arenas of
influence at the time was to deepen the understandingof the
relationship between subject knowledge and science process skills,
recognisingthere was a place for this within the primary curriculum yet
revealing the fact that most of the existing primary teachers were
generalists and not science specialists and, as such lacked a firm
science background and subsequently expertise and confidence to
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teach science (Harlen 2004). Ball (1999) argued that much of the
orientation within science pedagogyat this time seemed to be directed
toward educating for a high skills economy with an emphasis on group
work and problem solving.

At the same time as establishinga curriculum to be taught in every
school, ERA (1988a) also introducedin England statutory assessment
of students at ages seven, eleven and fourteen. Prior to the NC,
assessment in primary schools had a low profile (Pollard et al. 1994).

Black (1995) argued that the political ideologies prior to ERA
influenced the need for a NC which would focus on the basics yet
provide parental choice by viewing schools as competing
organisations.

Three years after the introductionof the PSNC, many of the
recommendationsof the discussion paper Curriculum Organisation
and Classroom Practice in Primary Schools (Alexander, Rose and
Woodhead 1992), commonly known as the 'Three Wise Men Reporf,
had a significant influence on the organisation of science in the
classroom, particularly in terms of the shift to methods of whole class
teaching. This was perhaps most notable where the emphasis had
been on the use of a thematic approach to integrate primary science
topic work has led to fragmentary and superficial
much
...
teaching and learning. There is also ample evidence to show
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that teaching focused on single subjects benefit primary pupils,
(Alexander et al. 1992para. 3.4).
Furthermore,the balance between direct and indirect teaching was
questioned, with a suggestionthat a greater emphasis should be
placed on 'teacher explanationof ideas and instructions' and less on
'indirect teaching through work cards' (Alexander et al. 1992 para. 102106). The report also stated that the level of cognitive challenge
provided by a teacher was a significant factor in performanceand
highlighted the importance of subject knowledge and the need for
specialist and semi specialist teachers (Alexanderet al. 1992 para.
4.2). It also suggested that the acquisition and strengtheningof subject
expertise along with a 'broader range of classroom organisational
for
Initial
be
including
teaching'should
a priority
strategies,
whole class
Teacher Education (ITE) (Alexanderet al. 1992 para. 5.2).

Shortly after this report, the publicationof the White Paper Choice and
diversity, (DES 1992b) helped to further embed political discourse
around quality, diversity, parental choice and accountability in light of

the government'sStandardsagendathroughthe introductionof
StandardAssessmentTasks(SATs)and the Officefor Standardsin
Education (Ofsted). 1991-1995saw the phasing in of national tests and

the initialconcernsoverthe scienceSATsin KS1 resultedin a more
traditional (and cheaper) adoption of pencil and paper tests in science
at KS1 and Key stage Two (KS2) which in many ways enabled the

26

government to strengthen their agenda of accountability and

comparability,rather than invest in formative assessment (Black 1995).
In order to monitor and enforce changes; measures were put in place

to ensure schools conformedand made every effort to implementthe
PSNC (DES1991b).From 1993, Ofsted monitoredthe implementation
of NC and standards in schools, making inspections every four years.

By 1996 the first publicationof performancetables were available
enabling national comparison of schools by test results.

Teacher subject knowledge,which prior to the NC had begun to
emerge as an issue was now held up as a key factor in the standards
and quality debate and needed to be addressed if schools were going

to improve teaching (Ofsted 1993 para. 32). By 1994 the Teacher
Training Agency (TTA) had been set up to oversee a national
curriculum and standardsfor ITE with an emphasis on subject
specialism in the primary phase. The National Curriculum Council
(NCC) (1993) also recommendedthe greater use of single subject
teaching and of subject teachers in primary schools. Thus, whilst the
White Paper Quality in Schools (DES 1985c) had stated the
government had no intentionto introduce legislation to centralise and
increase government control and responsibilityfor the curriculum,the
developmentsafter the implementationof the NC outlined above
suggestedotherwise. This was of particular importance in relation to
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primary science, as the conceptionof 'science' in the primary school
since the NC had undergonea complete transformation not only in
terms of content, pedagogyand assessment but also in terms of
expectations of teacher subject knowledge.

The key ideas reflected by the White Paper (1992b) became further

strengthened by New Labour with Excellencein Schools (DfEE1997)
which continued the accountabilityand performativityagenda. Ball
1999 has argued that Labour's policies were 'local manifestationsof
global policy paradigms', whilst Brehony (2005) has suggested that
concern for literacy and numeracywas based on the assertion that in
terms of the three 'R's we were a long way behind our competitors.
Furtherjustification for whole class teaching strategies were based on
'evidence'from countries like Taiwan (DfEE 1997), which resulted in
the publication of the National Numeracy and Literacy Strategies
(NNLS) in 1998 and 1999 respectively. Conceptions of primary
science continued to be influenced by international comparisonsand
an increasing shift from 'professional' to 'corporate accountability'
(Ranson 2003) which put pressure on schools to maintain and raise

standardsin KS2tests.Whilstthis ensureda consistentteachingof
primary science, it also encouraged a focus on content at the expense
of scientific enquiry (Black 1995). This had become a particular
concern for the science education community who continued to argue
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that an understandingof the relationshipbetween process skills and
concepts was necessaryto further learning.

However the report Beyond 2000 (Millar and Osborne 1998) argued for
the need for a wider perceptionof science edupation in terms of its
definition and purpose with an emphasis on 'science for public
understanding'. Ironically despite fifteen years of primary science
education pupils were no more science literate or likely to opt for
science in secondary school as they had been previously before the
PSNC. In fact evidence had shown that pupils were being turned off
science before they transferred to secondary school (Osborne 2002).
The White Paper (2001) Schools achieving success marked a
significant shift away from primary to secondary schools and the
launch of the KS3 Strategy. Brehony (2005) argued that the growing
concern about standards reaching a plateau in numeracy and literacy

(althoughnot in science)markeda shift in policyawayfrom a
continuous drive for standardstowards a drive for creativity and a
wider range of skills for a 'new knowledge economy'.

This shift in policy discourse was reflected in the publication of the
Primary National Strategy (PNS) (DES 2003) along with Charles
Clarke's announcementthat the PNS promised more autonomy for
teachers with schools being able to set their own targets in future
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(Brehony 2005). Alexander (2004) argued that the messages given by
the PNS were in conflict with current policies of standards and
assessment as schools were unlikely to be 'creative' with the
curriculum when too much was at stake with the next round of national
targets. In fact the most recent review of the PNS had reported that so
far schools had been slow to extend the teaching of literacy and
numeracy through other subjects (Ofsted 2005b). Furthermorethe
concern over teachers' subject knowledge lessened evidenced by the
publication of the ITE Standards (2002) which placed an emphasis on

professional skills. Most recently an emphasis on 'speaking and
listening' and the importance of pupils having an opportunity to express
their ideas and clarify understandingwhich, although has always been
seen as an importantelement of PSNC (Harlen 1993); was now
gaining interest from a political perspective.

2.3 THE CONTEXT OF POLICY TEXT PRODUCTION.
The way in which discourse has become embedded in policy text
provides an insight into the way policy and education compete to
embody particular conceptions of primary science, with little
consideration of the implicationsfor practice (Black 1994). The
emerging and changing aims and rationale for primary science can be
traced through four versions of PSNC (DES1989b, 1991b, 1995 and
1999). These show how the views, struggles and influences of the
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policy writers have helped to change conceptionsof primary science
(Bowe et al. 1992).

2.3.1 Implementation of National Curriculum (1989)
The PSNC (DES1989b) marked the first centralised, structured policy
text for primary science in England and clearly defined what primary
aged pupils should know, understandand be able to do through some
seventeen Attainment Targets (ATs). This conception of primary
science as a 'knowledge-based' curriculum was in stark contrast to the

'process' approach adopted before the NC. Whilst Donnelly, Buchan,
Jenkins, Laws and Welford (1996) argued that within the National
Curriculum Science Working Party's (NCSWP) final model for science
the emphasis had been on the learner, the importance of contexts and
skills, as well as the attitudes and progression and development of key
ideas in science, Galton (2002) still considered it to be far removed
from primary curriculum philosophy.This was because the make up of
the NCSWP meant that primary perspectives on teaching and learning
science were largely over looked, including the discrepancy between
what was being recommendedand a primary teacher's ability to deliver
it (Galton 2002). It was also debatable to what extent the SPACE
research (1986-1990), had formed the basis for the content, despite
the fact that members of the research team had sat on appropriate
committees and panels (Russell, Qualter and McGuigan 1995).
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However, Osborne and Simon (1996) suggest that much of the
evidence about children's learning in science had influenced the early
versions of the PSNC (DES1989b and 1991b) in the way it provided
evidence of what primary aged pupils knew about scientific concepts.

The HMI survey (1989a), noted widespread evidence of compliance
and implementationof the PNSC (DES1989b),but pointed out future
challenges in relation to the organisationof science as a subject to
ensure conceptual understandingand progression. For example, it
expressed concern about the content as well as highlighting issues
25),
1989a
(DES
the
p.
about
nature and manageabilityof assessment
whilst the report (DES1991a) identified the lack of guidance on

assessmentas a key issue.

Black (1995) and Donnelly et al. (1996) have suggested that the
written format of the NC (1989b) was unhelpful to teachers as it
encouraged a focus on ATs rather than programmes of study. In
addition, primary teachers had to take on board the notion that science
was not just about 'process' but about developing conceptual

understanding.Furthermore,theywere expectedto know howto
employ methods of formative and summative assessment in relation to
the ATs. Although the Schools Examinationsand Assessment Council
(SEAC 1990) had published assessment guidance materials the report
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(1991a) suggested that many HTs had held these back from staff
because there were too many changes to cope with.

Thus, the clear message at the end of the report (DES1991a) was that
key issues were the support primary teachers needed to make the link
between assessment and learning, the need for teachers to apply
common assessment standards to ensure consistency of reported
assessment and for schools to be clear on the purposes of
assessment, that is to evaluate the quality of learning but also to

evaluate the quality of teaching programmes(DES1991a p.29).

2.3.2 National Curriculum revision (1991)

The originalERA(1988a)brief had apparentlystatedthat all ATs
within the NC should be assessed and it was evident that this was not
feasible with the current seventeenATs in science (Black 1995). This

resultedin a rapid'reconstruction'of the PSNC(1989b)primarilyto
make assessment more manageable.The proposed revisions outlined
in Science for all ages 5-16 (DES 1991c) with further consultation of
their viability by NCC with SEAC (1991) led to a significant

reorganisationof the policytext with minimalinvolvementof the
NCSWP,resultingin a final proposalto reducethe scienceATs from
seventeen to four. The co-directors of the SPACE project (1986-1990)
seemed to think that the implications of the research were lost in the
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rapid revision of the PSNC (DES1991b), as the wording implied that all
that was required in primary science was 'knowledge of the specifics'
rather than explicitly developing conceptual understandingdue to the
writers of the PSNC (DES1991b) not able to express the intentions
behind the 'know that' and 'know how' statements (Black and Harlen in
Black and Lucas 1993 p.226).

Rather than address the underlying issues about progression in
concepts and strengthening the relationship between process skills

and content, the 1991 revisions of the PSNC instead resulted in a far
more traditional science curriculum, strongly resembling the secondary
single science format (Donnellyet al. 1996), and it could be argued
had widened the gap between a constructivistview of learning and the
PSNC even further. In fact it was debatable as to how much if any
influence the large-scale research project on investigations at the time
had on the 1991 revised PSNC orders (Foulds, Gott and Feasey
1992). This report had warned that teachers in KS1 had little
understandingof investigationsand that it was important for them to
recognise the purpose and scientific value of such activities. Instead

the 1991revisiongave out strongmessagesaboutassessmentrather
than how to teach scienceand integrateprocessand content(Sharp
and Grace 2004, Brehony 2005).

34

Although the revised PSNC (DES1991)did simplify the operation of
TA
importance
it
the
of
external assessment procedures, also reduced
in favour of national assessmentand in doing so did not lead to any
for
between
link
the
teachers
assessment and
of
strengthening
learning (Black 1995, Donnelly et al. 1996). In fact it would appear that
the 1991 revision encouraged a greater emphasis on summative
assessment despite the earlier evidence from APU (1988) about the
importance of linking assessmentand learning, together with the
recommendations from the TGAT report (DES1 988b).

The assessmentprocess itself should not determine what is to
be taught and leamed. It should be the servant, not the master,
bolt-on
it
be
Yet
the
addition
should
simply
a
of
curriculum.
not
at the end. Rather it should be an integral part of the
educationalprocess, continuallyproviding both 'feedback' and
'feed forward (DES 1988bpara. 4)
Furthermore,teachers within primary schools were enraged at having
to reorganise science in light of the revised curriculum orders (1991)
after having already restructuredtheir planning in order to make sense
It
1995).
(DES1989b),
(Pollard
PSNC
1994,
Black
the
would
of
et al.
seem that the government agenda for standards and accountability

focus
in
the
influencing
that
NC
the
the
were
organisationof
science so
primaryschoolwas not only on sciencecontentbut also on
assessment. It would appear that the link between knowledge and
process skills in primary science which had not been clear to primary
teachers before the NC was now even less clear from the revised
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curriculum orders (DES1991)as content knowledge formed the
dominant aspect of assessment. However,Assessment, Recording
and Reporting. A Report by HM Inspectorateon the Second Year,
1990-91(DES 1992a) noted an improvement in assessment although
for many year two (Y2) teachers the SAT period was a particularly
stressful time' (DES1992ap.19). Rather than provide additional
support and funding for teachers, the recommendationwas for SATs to
be'simplified' (DES1992a p.20). The report (1992a) also indicated a
possibility that teachers were already thinking about how they could

teach to the test (DES 1992a p.22). At the same time McCallum,
McAlister, Brown and Gipps (1993) suggested that teachers responded
to assessment in three ways, some genuinely engaged in formative
assessment; others became 'assessment magpies'whilst others did
little to change practice.

The report (DES1992a) also noted that compared with 1989-90,
teachers were seen to have a better understandingof assessment of
the NC (DES 1992ap. 14). It warned that where schools integrated

subjectswithintopics,assessmentwas morechallenging.Thus, it
seemedthat the effectand organisationof NCwas forcingschoolsto
adopt a more traditional approach to teaching subjects in isolation,
thus making it easier to conduct assessment (DES 1992a P.15).
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With the advent of the PSNC (DES1989)primary teachers perceived
their assessment role more in terms of summative rather than
formative assessment (Black 1993). Moreover,there was evidence to
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seem that the writers of the of the NC policy text (DES1991b) helped to
steer the primary science curriculum away from educational values to
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those aligned more with competitionand market forces, rather than
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formative assessment practice.

The report (DES1989a) suggestedthat the issue of teacher subject
knowledge had been addressed to a certain extent by the introduction
of Educational Support Grants (ESGs) (DES 1984), with evidence of
greater confidence and competencein the teaching of primary science
with more physical science than previously reported. However,
because attention was now focused on subject knowledge,there was
no suggestion that further support should also be in defining
appropriate pedagogic practice to support conceptual learning (Feasey
in Aubrey 1994 p.73) or that continuing professional development
(CPD) also needed to address the link between assessment and
learning. This might suggest that many of the recommendationswere
only designed to address the issue of subject knowledge in the science
curriculum rather than develop strategies for assessment and learning.
The report (1989a) also stated that the number of SCs had increased
although they were not having a great deal of impact on the practice
throughout the school. However they suggested that in-service
programmes set up by LEAs and funded by ESGs would need to

continuewith a clearfocuson the PSNC.In additiontherewas a need
for ITE to provide more in depth training in teaching science (1989a).
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As a consequence,the demands on teacher subject knowledge led to
a change in the training of primary teachers from generalists who had
specialised in children's learning, towards subject specialists with a
new emphasis on teaching (Brehony 2005).

2.3.3 National Curriculum revision (1995)

The 1995 revision was designed to address the increasing debate and
dissatisfaction regarding curriculum overload, an issue pertinent
particularly to primary science and made even more urgent by the

widespread boycott of national tests (1993) which were felt to be
unrealistic and unmanageable(Black 1995). Lawton (1996) argued
that the real value of the Dearing Review (1993) was that teachers

were consulted and listened to, resulting in a complete revision of the
orders and a reduction of testing with the removal of science SATs at
the end of KS1. Although the Review (1993) had reduced the time
allocated to the NC in order for schools to address the 'gaps' in
curriculum, the PSNC was still considered by teachers to be
overloaded with subject knowledge. Black (1995) argued that although

moreappropriatelyprogrammesof studyratherthan ATs, were now
identified as the basis for content, the latest revision of PSNC
(DES1995) had left the progressionof some science concepts
ambiguous, indicating that the now substantial constructivist research
on children's ideas was even further fragmented in the way it was
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presented by policy writers. For example Sharp and Grace (2004)
track the changing emphasis placed on 'astronomy' in each revision of
the PSNC (1989b, 1991b, 1995 and 1999).

At this time ESG courses run by science advisors drew on the SPACE
reports (1990-1998) as a basis for making the links between content
and process skills more explicit. In this sense advisors acted as
interpreters of programmes of study and whilst building science subject
knowledge, tried to encourage a focus on investigations particularly fair

testing despite new arrangementsin SATs at KS2 focusing on content.
As a result, teachers in primary schools were faced with a 'dual'
curriculum as whilst they understoodthe need to link scientific enquiry

to contentthey were underincreasingpressureto assessand prepare
pupils for national tests which focused on knowledge. Consequently
teachers continued to find progression in science problematic and
seemed to be less confident in planning and teaching science
compared with the other curriculum subjects (Holroyd and Haden
1996).

Boyle and Bragg (2005) show that from 1998 onwards there was a
significant increase in time spent on NNLS at the expense of science.
For example, in 1997 the average percentage teaching time for
science was 10.1% but by 2002 it had decreased to 8.5%. In
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comparison English teaching time had increased from 26.6% in 1997
to 29.2% in 2002, with similar increases for mathematics. At about the

same time the publication of the non statutory guidance materials,the
Primary Science Scheme of Work (PSSW) (QCA 1998) attempted to
address the remaining tensions between planning science, progression
and teacher subject knowledge. However, due to the timing of its
publication, it could be argued that the main aim was to free up
teachers'time to focus on implementingthe NNLS which the
government saw as vital to meet their targets in raising literacy and
numeracy standards.

The PSSW (1998) helped to address teacher concerns about planning
and progression in science and through the exemplary scheme of work
suggested how scientific enquiry and content knowledge could be
The
in
learning
to
combined provide meaningful
experiences science.
handbook provided guidance on how schools could individually

structurea schemeof work for science,and in an indirectway, it also
helped to support teacher subject knowledge. The timing of the
publication of the PSSW (1998) to coincide with pressure on schools to

implementthe NNLS(1998),togetherwith Ofstedinspections
condoning its use, resulted in the PSSW (1998) becoming a powerful

'user friendly'interpretationof the PSNC(1995). As a consequence,
other published science schemes, including the Nuffield (1993) teacher
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materials which had emerged directly from SPACE research (19861990), declined in popularity.

2.3.4 National Curriculum revision (1999)
The most recent revision of the PSNC (1999) representedthe greatest
consultationwith teachers although resulted in few changes in primary
science. In relation to primary science this period marked a distinct
reduction in discussion papers and policy documents as attention had
been focused elsewhere. However this was not to say that the PSNC

(1999) had addressed previous issues around process skills and
content and the relationship between assessment and learning and
ultimately the relationshipbetween teachers ' subject and pedagogic

contentknowledge.Insteadit wouldsuggestthat teacherswere left to
deal with these issues, whilst education policy changed direction.
Furthermore,it would seem that the emphasis on summative
assessment had increased (Ofsted 1999a). Whilst Ofsted (1993)
suggested that SATs were being used as models for TA it would
appear that there was still little focus on diagnostic assessmentwith a
tendency for schools to teach in a more formal way and spend more

time on revisionin science(Russellet al. 1995,Ofsted1999b).
Althoughprimaryteachersnowfrequentlymonitoredprogresstowards
targets and informed parents (Ofsted 1999b), it cannot be assumed
there has been an improvementin teaching for learning. The writers of
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the PSNC (DfEE1999) had done little to exemplify research findings on
children's learning in science and assessment of those ideas, and had
failed to address the professionaldevelopment needs of teachers in
relation to understandingthe relationship between the PSNC, learning
and assessment.

2.4 CONTEXT OF POLICY PRACTICE.
2.4.1 Teacher subject knowledge
The changing conceptions of primary science marked by the revisions

of the PSNC (DES1991b, 1995, DfEE1999) meant that teachers now
had to adopt a new conception of science as a subject with a distinct
content of concepts and skills. Much of the content knowledge of

PSNC(DES1989b)was unfamiliarto most primaryschoolteachers
who perceived science in terms of practical 'discovery' due to their
previous experience and training (Osborne and Simon 1996, TurnerBissett 1998). Furthermore,the notion of scientific investigationand
specific science process skills were also unfamiliar territory (Foulds et
al. 1992). The difficulties faced by primary teachers to adopt, adapt
and cope to what amounted to a complete 'paradigm shift' in thinking

aboutprimarysciencehas beenwell documentedby Wragg,Bennett
and Carr6 (1989), Kruger, Summers and Palacio (1990), Haden and
Qualter (1991), Bennett,Wragg, Carr6 and Carter (1992), Russell, et
al. (1992), Black (1993) among others. All of which point to an
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underestimationof the support needed for teachers to implementthe
PSNC (DES1989b), not just in terms of developing teacher subject
knowledge but also for conductingTA.

Prior to the NC, primary teachers had taught to their strengths
reflecting the ideology of the time (Galton, Simon and Croll 1980)
arguably covering up deficiencies particularly in science subject
knowledge (Osborne and Simon 1996).Within primary science much
of debate has centred on the depth of science subject knowledge
needed in primary science as well as the importance of pedagogic
content knowledge along with knowledge of appropriate curriculum
materials (Shulman 1986, Grossman et al. 1989) in order to implement
the PSNC. Since the introductionof the NC (DES1989b), several
studies have identified links between teacher confidence and ability
and willingness to teach science Wragg, et al. (1989), Bennett et al.
(1992), Holroyd and Haden (1996). Other research has shown how
weaknesses in science subject knowledge may influence the quality of
teaching (Bennett and Carr6 1993) as well as little knowledge of the

underlyingprinciplesof learningscience(Qualter1999).Studies
exploringeffectiveteachersof literacyand numeracyhaveidentified
connections between the kinds of knowledge and effective ways of

teaching,and questionedthe needfor teachersto haveextensive
subject content knowledge (Askew, Brown, Rhodes, Johnson and
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William (1997) and Medwell,Wray, Poulson and Fox (1998). Ernest
(1989) suggested that epistemologicalbeliefs appear to play a major
role in the organisation and interpretationof individual knowledge, as it
to
for
knowledge
two
teachers
similar
science
possessing
was possible
present distinctly different interpretationsof content as a result of their
teaching (Ernest 1989). Carr6 and Ovens (1994) and Carr6 in

Desforges (1995) also suggest that teachers' differing views or
'orientations' of teaching and learning science would lead to different
teaching and learning opportunities within the classroom.

All these studies have highlightedthe importance that science subject
knowledge can play in teacher's differing approaches to develop,

challengeand extendpupilsideas.Moreimportantlythey haveshown
that it is the interrelationshipbetween subject, pedagogic content
knowledge, and knowledge of curriculum materials which is most
effective in the reconstructionof meaningful learning experiences.

Thus over the last two decades, how primary school teachers have

interpreted,reconstructedand implementededucationpolicyin
practicehas beenof greatinterest(Galtonet al. 1980,Galtonet al.
1999, Alexander 1992,1995,1997, Pollard et al. 1994, Pollard, and
Triggs 2000 and Osborn et al. 2000). These studies have would
suggest that the introductionof new educational policy initiatives do not

45

replace existing ones but merely add another layer of complexity.
Moreover, Pollard et al.(1994 p.232) claimed that whilst teachers
supported the NC in terms of its egalitarian values of a broad
structured experience,they opposed it in terms of its assessment
procedures linked with competitivenessand curriculum differentiation.

Although ESGs (1984), were available to support the teaching of
science it would appear from the Initiatives in Primary Science; an
Evaluation (IPSE) (ASE 1988) and Science Teaching and Action
Research (STAR) (Cavendish,Galton, Hargreavesand Haden 1990,
Russell et al. 1992, and Schilling, Atkinson, Boyes, Qualter and
Russell 1992) that these did little more than raise teachers' awareness

initially
In
fact
because
teachers
the
to
teach
of
need
science.
advisory
adopted a predominantly'skills' approach, the issue of teachers'
science subject knowledgewas not fully addressed (Osborne and
Simon 1996). In and around 1992 several studies pointed to the
growing concern about teachers' confidence and perceived
competence of teaching NC science (Wragg et al. 1989, Bennett et al.
1992 and Summers and Kruger 1994). More recently Haden and
Holroyd (1997) suggested this was still an issue but teachers with low
confidence had adopted coping strategies. In addition there were signs
that as practical science was diminishing teachers were adopting a
more directed approach to teaching which Hacker and Rowe (1997) in
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be the least effective way of teaching science.

Even before the PSNC not only had the need for greater support for
the 'generalist' teacher to manage the needs of an increasing primary
curriculum been identified, but so too a need for greater clarity around
the role of subject co-ordinators(Webb and Vulliamy 1995). It would
appear that at this stage the subject role was not perceived to be much
more than providing support in school when teachers needed it and in
fact few subject co-ordinatorsseemed to take on a developmental
due
to
This
(Edwards
1993).
a
partially
seen
as
was
peclagogicrole
lack of expertise not only in subject knowledge but also in people
limited
to
in
or no
managementskills and status and addition access
'non-contact' time which often resulted in co-ordinators doing little
more than provide and maintain curriculum resources (Kinder and
Harland 1991, Web and Vulliamy 1995). Although SCs could have
provided a clear role in supporting the development of subject
knowledge in schools, their own lack of experience and skills as well
as time available meant they were unable to have much impact in this
(1998)
leaders
Although
the
for
way.
publication of standards subject
clarified the role, it did not result in any more time or training for subject
co-ordinators,to develop an understandingof their responsibilities.
However, more recently it would appear that the role of SC has been
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influential in maintaining science standards in primary schools and
monitoring and working alongside teachers (Ofsted 1999b).

Summers (1992), and Summers and Kruger's (1994) research
suggested that if CPD was going to have a long lasting impact on
subject knowledge and classroom practice then it needed to be long
term. This was particularly crucial if, as Feasey in Aubrey (1994)
argued, the'deep-seated child-centredlegacy' had strongly influenced
primary teachers' conceptions of science resulting in a need for a

higher level of personal subject knowledge. She argued that until

teacherunderstandingof the natureof scienceand associated
concepts was sufficient, then it would be difficult to meet the demands
of the PSNC. Russell et al. (1995) from their national evaluation of
science curriculum policy found that although teachers welcomed the
centrally defined PSNC as it promised progression and continuity,

therewere areasof sciencethat were neglectedin primaryschools
which they also attributed to a lack of teacher subject knowledge as
well as knowledge of the most appropriate teaching methods. Some

aspectssuch as 'earth in space'were rarelycoveredeitherbecauseit
could not be taught by practical work and therefore thought
inappropriate,or they felt the conceptual demand too great for young
children. The evaluation also came to the same conclusion as Black
(1993) that diagnostic and formative assessment had been neglected
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in favour of summative assessment.The findings from this evaluation
led to two official initiatives the publicationof distance learning
materials to support subject knowledge (Schilling et al. 1992) and the
setting up of Grants for Education Support and Training (GEST)
twenty-day courses to support the development of teacher subject
knowledge.

It would appear that GEST courses went some way to bridge the gap
between teacher's previous training and the current requirements, as

they were relatively long-term and designed to specifically address
knowledge resulting in a significant impact on practice (Turner-Bissett
1998). However, opportunitiesto continue to improve practice in this
way diminished, as New Labour appeared to direct funds towards
literacy and numeracy.The demise of these courses reduced the vital
support teachers needed (Osborne and Simon 1996). However,Jarvis,
Pell, McKeon (2003), have shown that there is still a need for CPD to
develop science subject knowledge and pedagogic content knowledge,
whilst Osborne and Simon (1996) and Watt and Simon (1999) have
provided evidence that teachers need clear guidance in order to use
curriculum materials in ways that provide more productive and effective
learning experiences for pupils. More recently, research funded by the
Wellcome Trust (Murphy and Beggs 2005) reported that in the United
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Kingdom teachers still perceivedthe biggest issue in primary science
to be a lack of subject knowledge.

2.4.2 Scientific investigations
Foulds et al. (1992) and Jenkins (1995) claimed that the conceptionof
scientific investigations as envisaged by PSNC went way beyond
classroom practice. Although teachers in primary schools appeared to
equate science with practical work prior to the NC, it did not resemble
the 'scientific method' outlined in the PSNC, as there was little
evidence of investigationswhere children were required to collect and
interpret evidence. Moreover,the APU and subsequent studies of
teacher CPD for science had shown that on the whole teachers
emphasised generic process skills rather than scientific ones (Kruger
et al. 1990, Russell et al. 1992, Russell et al. 1995, Haden and Holroyd
1997). Foulds, et al. (1992) suggested that a clear rationale for
investigationswere missing from NC and consequently teachers were
not able to see the link between investigationsand conceptual
understanding. Moreover, they claimed that because too much
emphasis had been put on science in terms of understandingand

teachingscientificconcepts;not enoughemphasishad beenplacedon
understandingevidence (Foulds et al 1992). Furthermore, it was found
that teachers had a very narrow view of science investigations,with
many using them as a way of illustrating and reinforcing concepts
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rather than testing ideas or focusing on 'consumer type' investigations
as a result of limited subject knowledge. (Millar and Driver 1987,
Swatton 1990, Foulds et al. 1992, Donnelly 1994 and Carr6 1995).
Foulds et al. (1992) argued that science should be about developing
transferable skills to make sense of science in wider society.

The findings from the ASE/Kings Science investigations(AKSIS)
research project (Watson et al. 1998) found that teachers still had a
narrow view of investigations with the majority of practical work centred

around 'fair testing' This resulted in a significant widening of the

definitionof scientificenquiryto includea wider rangeof investigations
in the revised NC (DfEE1999). However, it is debatable, given the
pressure to focus on literacy and numeracy, as to how widely CPD has
been available to support teachers to develop skills to embrace a wider
definition of science investigationand embed this into practice.

Furthermore,the currentdemiseof investigationalwork particularlyin
year six (Y6) has been linked to the additional pressures for SATs
revision and has continued to cause great concern (Black 1995) and
Haden 2004).

2.4.3 Teaching strategies and conceptual understanding
Research throughout the 1980s and 1990s had consistently shown
that if science was really about extending children's ideas and
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understanding,then knowledge of the most appropriate strategies,
curriculum tools as well as secure conceptual understandingwas
required by teachers (Russell et al. 1992, Holroyd and Harlen 1996,
Jarvis et al. 2003). Carr et al. in Fensham (1994) said teachers with
insecure knowledge found transmission methods of concepts less
intimidatingwhilst Carr6 in Desforges (1995), suggested that teachers
with a good science backgroundhave a better view of how to develop
conceptual understanding and are best positioned to respond to pupil's
questions and to plan investigative work using open questions with a

clear purpose in mind. However, it could be argued that even if
teachers do have secure subject knowledge in science, the process of
constructing and reconstructingnew meaning by pupils in light of new

experiencesencounteredor presentedby teacherscouldbe a lengthy
process. How to reduce the gap between pupil's existing or alternative
knowledge, ideas or explanationsand widely accepted scientific ideas
is thought to be problematic and time consuming (Driver 1983,
Osborne and Freyberg 1985) or may not be possible (Millar 1989,
Driver et al. 1994 and Solomon 1994). This problem is even more
compoundedwhen teachers are not able to recognise when children's
ideas are unscientific or for example, are unaware of the complexities
or confusions surrounding a simple activity of 'floating and sinking'
(Carr in Fensharnet al. 1994). Osborne (1996) puts a case for some
aspects of science to be taught in a didactic way as a constructivist

52

approach may not always appropriate,a point also reiterated by Millar
and Osborne (1998) and Windshitl (2002).

Critics of constructivismhave argued that constructivist approachesto
teaching have been problematic(Solomon 1994). If, as Solomon
suggested children hold more than one explanation of every day
phenomena depending on the context they are in then, it is difficult to
know what they really believe and therefore which view to change.
Johnson and Gott (1996) have warned we must be careful not to

interpret a child's words within our own frame of reference, but from a
child's perspective, otherwise we cannot know if what children say
representswhat they really know, understand or mean. Furthermore,
there is a danger of over interpretationand to ask a question from a
scientific perspectivewhich pupils may answer from their every day
understanding rather than from a scientific understandingassumed by
the teacher (Johnson and Gott 1996). The problem is how to get
children to believe and understandscientific ideas, which are often
contradictoryto their experience (Matthews, 1994). Millar (1989)

arguedthat active learning,(the constructionand reconstructionof
ideas)takes placein the learner'sheadand only whenthey feel
motivatedto do so. LikewiseFouldset al. (1992)suggestedthat
acquisitionof knowledgeand conceptswere not necessarilybest
developed though investigations.
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Therefore it could be argued that the mode of instruction in science is,
to a certain extent, immaterial as long as it gets the learner to engage
in the kind of learningwhich leads to changes in how they view or
explain natural phenomena. Millar (1989) claimed that the so called
iconstructivist' approachesto teaching should be used sparingly as
they are often time consuming and may not always be the most
productiveway to get children to consider the usefulness of alternative
ideas in relation to the existing ones they hold (Millar 1989). Driver et

al. (1994) argued that the fundamental issue was that the teaching

approachshouldtake accountof the learner'existingconceptions
together with the aspect of science to be taught. Wing-Mui So's (2002)

threeyear longitudinalstudyconcludedthat becauseconstructivist
teaching practices require more time than traditional ones and learning
experiences place high cognitive demands on learners, pressure from
over loaded curriculum and parents, along with the diversity of learners
leads to teachers using more direct teaching strategies in practice.
Thus it could be argued that the pressure to cover all aspects in the

PSNCalso putsdemandson constructivistapproachesin science.

The work of Shayer and Adey (1981) Cognitive Acceleration through

ScienceEducation(CASE)has focusedon the processof cognitive
conflict as a way of challenging existing views. It assumed that pupils
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come to the task with their own ideas which they then apply when
faced with cognitive conflict. In order to develop and defend their ideas
or reject or modify them there is a necessity to communicatewith
others about possible solutions to the problem in hand. As a result this
approach provides pupils with opportunitiesto develop process and
communication skills in the form of thinking and reasoning which are

necessary to build an understandingof knowledge in the wider world
(Shayer and Adey 1981). FurthermoreShayer and Adey claimed that
CASE is not specific to learning science but is a reflection of the wider

process of learning and as such is not subject specific.

A considerableamount of research has now examined and evaluated

effectiveteachingstrategies,particularlyin relationto creating
conceptual change Naylor and Keogh (1999), Asoko in Millar, Leach
and Osborne (2000), among others. However, these and other studies

havealso shownthat withinthe contextof practicethere is increasingly
limited time in which to cover a considerable number of concepts
Ogborn, Kress, Martins and McGillicuddy(1996), Ogborn (1997)p
Newton and Newton (2000) and Asoko (2002) have shown that the
role of the teacher is vital in developing conceptual understandingand

whereideasare particularlyabstractthere is a needfor teachersto
'talk ideas into existence' (Ogborn et al 1996, Asoko 2002).
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Naylor and Keogh (1999) found that by representing scientific concepts
in a visual format helped provide a valuable stimulus for scientific
investigation as well as encouragingthe elicitation of children's ideas.
As a result they suggested that'concept cartoonswere seen as a
possible way of extending the range of pedagogical strategies
available to primary teachers by presenting learners with a set of
They
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also
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used within ITE and CPD in order to develop science subject
knowledge and conceptual understandingand to model practice. The
fact that teaching in primary schools represents the move away from
every day ideas to more scientific ways of thinking requires a greater

by
expertise
understandingof pupils'cognitiveabilitiesand greater
teachers on ways to use activities to present and explore ideas (Asoko
2000). Furthermore,current thinking suggests there is a need to
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consider the language of science and build time into understandingthis
in relation to its culture and wider society (Osborne 2002).

Despite CPD programmessupportingteaching development
particularly in conceptual understanding,there was evidence to
suggest that not all teachers would reach an adequate stage of
scientific understandingin order to prevent their own
misunderstandingsinterferingwith children's learning (Jarvis et al.
2003). In fact gaps in teachers' subject knowledge has often resulted in

a perception that some aspects of causal understanding in PSNC are
inappropriatefor the age group, even although cognitive studies have
shown otherwise (Harlen et al. 1997, Sharp et al. 2004). Newton and
Newton (2000) have found that within primary science lessons, there
were low levels of teacher discourse that related explicitly to 'causes
and reasons', whilst discourse that related to developing 'vocabulary,

facts and descriptions'was far morecommon.Furthermore,they
suggested that the evidence from their research pointed to a link
between low levels of teacher/pupil interaction and low achievement.
However they also considered that one reason for teachers spending
less time on causal understandingcould be because test success in
SATs does not place enough emphasis on this (Newton and Newton
2000).
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Whilst the way in which primary teachers have interpreted policy into
practice has been an expressionof accumulatedsubject experiences,
values and beliefs; it would appear that external pressures particularly
in relation to assessmentand performativityhave also affected the way
science is perceived and taught. Research documenting the way
science assessments have been conducted suggest little
understandingof the purpose of assessmentwith a far greater
emphasis on surnmativeassessment(Harlen and Qualter 1991, Black
1993,1995). In fact it is only relatively recently that teachers have

begun to develop a clearer understandingof the link between
assessment and learning, however an evaluation of PNS has
suggested this as still having little impact on practice (Ofsted 2005b).

One reasonfor this is becausegovernmentpolicyover the last fifteen
years has resulted in a rapid increase and emphasis on external
testing, not just in science but in all subjects (Black 1995, Haden
2004). Furthermore,the use of summative assessments in the form of
national tests to monitor schools against national standards has given
SATs in primary science, a 'high stakes' status in England and would
seem to adversely affect teaching (Black 1993,1995, Haden 2004).
Schools and individual classes are set targets in terms of raising
the number of students at the higher levels of attainment and
there are implications for the status of schools and the position
of teachers and head teachers if targets are not met. This
pressure has certainly meant that science is taught but we have
to ask 'what kind of science? (Harlen 2004 p.4).

58

Whilst early research after the implementationof the NC focused on
how teachers coped with PSNC, the current conception of primary

science suggests recent research is appearing to adopt broader
perspectiveswhich although still promotes an understanding and
progressionof scientific concepts, ackbowledgesa need for a much
greater range of teaching strategies,which place an emphasis on oral
reasoning and explanation. In other words, the centrality of scientific
literacy and its connection to other areas of learning is now seen as
paramount in science education (Millar and Osborne 1998), Osborne
2002). Equally, the application of technology and mathematical skills

is also relevant within a scientific context, however such integration
would make assessmentof single subjects far more challenging if not
impossible, a point made in the HMI survey (1989a) and more recently
by Alexander (2004). It could be argued that a shift towards the non
practical elements of science have been as a result of restricted time
formative
due
NC,
but
increased
focus
to
the
the
also
on
within
assessmentwhich places a great deal of emphasis on discussion and
reasoning as evidence for understanding.

Thus the introduction of the PSNC and subsequent policies has helped
to promote the discourse around Standards rather than around
learning and teaching in science (Ball 1994). Whilst it has provided a
body of content for primary science it has confused perhaps, rather
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than clarified the relationship betweenthe learner, scientific enquiry
and conceptual understandingin primary school and has encouraged
teachers to focus summativeforms of assessment rather than
assessment for learning (AfL). Since 1989 debate and discourse has
been on the content and progressionof ideas suitable for primary
science and also on the interpretationof scientific enquiry, its role in
the primary science curriculum and it relationshipwith the other
programmes of study. Debate has also centred on assessment of
scientific knowledge and understanding and particularly on content
(Black 1995). The initial PSNC (DES1989b) and its revision

(DES1991b)exposed the nature of the knowledge expected by
teachers and thus the amount of support needed. It also encouraged

schoolsto placegrowingemphasison standardsand assessmentwith
limited and often inconsistentCPD to ensure that teachers were
prepared and supported to manage such change. The subsequent

revisionsof the PSNChavehelpedto increasemanageabilityof
assessment and to some extent content but have also showed that the
conceptions of science envisaged by the scientific community and by
government were far removed from the previous practice in primary
science. The PSNC has provided little guidance on how to teach
primary science, and as a result it could be argued that teachers have
drawn largely on their existing knowledge and expertise of science in
order to implement it in practice.
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CHAPTER THREE: METHODOLOGY

3.1 INTRODUCTION
Using the three policy contexts (Bowe, et al. 1992), the previous

chapter has reviewed educationaland political literature in order to
provide an overview of the developmentand often conflicting
conceptions of primary science. This chapter will now outline the

research methodology.

3.2 AIMS

The focus of this study is the changing policy to practice context of
primary science. The research is located mainly within an interpretive
paradigm as it seeks to explore meanings given to and interpretations

of the conceptionof primaryscience.The researchquestionsoutlined
below are aimed to explore the policy to practice context and have
arisen from the literature reviewed.

1. To what extent is primary science a product of conflicting
influences,views and perspectives?
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2. In what ways have recent policy, policy text and discourse
development
debate
to
the
of the primary
and
contributed

sciencecurriculum?

3. How do schools, (head teachers, science coordinators and
implement
interpret,
teachers)
primary
and
reconstruct
class
science in practice?

A mixed methodology (Denzin and Lincoln 1998, Ritchie and Lewis

2003), encompassinga macro to micro approach to constructing
follow
1993),
(Layder
up case studies,
and
with survey
understanding
the
interviews
to
research
explore
was
used
with
along
semi structured

Ball's
to
in
framed
Overall
in
depth.
this
policy
was
questions more
practice trajectory (Bowe et al. 1992).

3.3 RESEARCH DESIGN
The research questions were addressed by a mixed methods
approach. This resulted in a series of semi-structuredinterviews with
key national figures (elites) in education and primary science, providing
the data for the context of influence and policy production.Then the
researchwas set in a wider policy context by conducting a regional
survey of schools with primary aged pupils, across two LEAs, using a
questionnaire.This enabled a large amount of information to be
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gathered over a relatively short period of time providing data on a wide
range of issues. Four case study primary schools were selected
following the maximumvariation principle and over a year, a series of
in depth interviews and lesson observationswere conducted with
various stakeholdersin order to provide data for the context of policy
practice. Table 3.1 provides an overview of the data collection
process.

Table 3.1 The data collection process

POLICY TO PRACTICE CONTEXT

ELITE INTERVIEWS

REGIONAL SURVEY

CASE STUDY
SCHOOLS

SIX ELITES

TWO LOCAL

FOUR PRIMARY

EDUCATIONAL

SCHOOLS

AUTHORITIES

DATA COLLECTION METHODS

SEMI-STRUCTURED
INTERVIEWS

QUESTIONNAIRE

SEMI-STRUCTURED &
GROUP INTERVIEWS

LESSON
OBSERVATIONS
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This approach enabled the researcher to build a rich and vivid

description of primary science at all levels, from different perspectives
and in different settings,within the policy to practice context
framework.

3.3.1 Role of researcher
A central part of this research was to explore meanings and actions
(Denzin and Lincoln 1998) by collecting generated and naturally
occurring data. By adopting an interpretive stance it was

influence
have
that
the
a
significant
researcher
would
acknowledged
on the research process at all stages, and in the sense that there is a
need to understandthat the research process is shaped just as much
by the researcher's personal history as it is by participants in the study
(Denzin and Lincoln 1998). For example, the role and professional
been
important
the
teacher
has
an
of
researcher
as
position
educator,
factor in terms of not only gaining access to the schools, influencing
what participants might say in interviews and how they may act in
observed lessons; but also in terms of the interpretationof data.
Nevertheless,despite attempts to maximise objectivity by using
multiple methods of data collection, the researcher's interpretationof
the natural and generated data collected from each of the settings can
only be a reflection of the researcher's perception of social reality,
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filtered by her own experiencesand understandingsof science and
educational practices within primary schools (Ritchie and Lewis 2000).

3.3.2 Ethical issues
In order to conduct the research,strict ethical guidelines in line with
those produced by the British EducationalResearchAssociation
(1992) were adhered to throughoutthe research process. Within an
interpretive paradigm it is recognisedthat ethical issues affect all
aspects of the research including the extent to which participants

have
the
to
they
direct
the
as
well
as
extent
which
research
shape and
ownership of it. Scott and Usher (1999) argue that whilst open
democratic research might be desirable it may not feasible on the

knowledge
do
have
that
of
not
grounds
always
adequate
participants
the researchprocessin orderto enterinto equal negotiations,or
expertise to know what should be released into the public domain.
Furthermore,the researchermay not always be in a position to ensure
that every participant is not subject to coercion or pressure to partake.
As a result'open autocratic' research may be preferable (Scott and
Usher 1999).

Elite national figures were contacted and asked if they would agree to
be interviewed in relation to the research. Those that agreed were
then given further details about how the interviews would be used and
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the right to view the transcript before being used in the doctoral thesis.
In relation to the survey questionnaire, explanatory letters

accompaniedoffering anonymityif the questionnairewas completed
and returned. With regards to the case studies, the researchersought
permissionfrom HTs, to work within the school setting, clearly outlining
the context of the research and what would be involved. It was made
clear that at all times the schools, teachers and pupils would remain
anonymousand any data collected would only be seen by the
researcher, supervisor and external assessors. The researcher only

approachedteachers who wanted to be involved and provided them
with further detail about the researchdesign. It was explained that at
any point during the research process, individual teachers or schools
could opt out of the study if they did not feel comfortable with the
situation or felt it was detrimental to the children's learning. However it
cannot be known the extent to which participantswere coerced to
participate by HTs (Scott and Usher 1999).

Once schools had agreed to participate, the researcher asked that
permissionwould be sought from parents and carers for interviews
with groups of pupils to be carried out and provided a draft letter to
each school for this purpose. Prior to the start of the research, the
researcher also met with individual teachers who had agreed to
participate and re-stated the aims of the research to ensure that each
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teacher fully understoodthe timescale, design and purpose of the
research and the role of the researcher.

3.3.3 Trustworthiness, issues of validity and reliability
It is hoped that greater objectivity has been achieved through the use
of both quantitative and qualitative techniques where the various

have
differing
from
roles
and
perspectives
with
participants
accounts
been collected and combinedwith the researcher's own perceptions
and understandings. In this way the interplay between quantitative and

qualitative data seeks to provide a broader and deeper understanding
Robson
Corbin
1998).
(Strauss
the
to
and
of
policy practice context
(1996) argued that 'objectivity' in qualitative research cannot be
understood in the same way that it is for quantitative research,which is
typified by the experimentalapproach. In this context the criteria for
evaluating qualitative researchwas more in terms of trustworthiness
and authenticity (Denzin and Lincoln 1998), and in this sense
triangulationwas not viewed as a tool of validation but as an
alternative to which it can add breadth, depth and rigour to the
research.

3.3.3.1 Survey
Although surveys through the use of a questionnaire are effective ways
of gathering large amounts of information relatively quickly, the
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reliability and validity of the data can be questionable. Oppenheim
(1999) pointed to many pitfalls when using questionnaires,particularly
when attempting to gather informationon attitudes. Much of this is due
to the wording of questions as well as the mood and circumstancesof
those responding. He suggestedthat using sets of questions to
measure the same attitude may help to over come this to a certain
extent, however he concludedthat the 'problem of attitudinal validity
remains one of the most difficult in social research' to resolve
(Oppenheim 1999 p. 149).

Oppenheim (1999) thought that the issue of 'non-return' was an
important considerationwhen conducting a survey, as those that

decidenot to respondform a significantgroupwho may, by the very
nature of not responding,have different views than those that choose
to do so. He suggestedthat non-responsecould be a particular
be
that
steps
should
questionnaires
postal
and
some
problem with
made to try to increase response by adding an incentive or sending out
further
with
questionnaires. However financial constraints
reminders
and the importance placed on anonymity can make this difficult to
achieve in practice. Similarly incomplete or wrongly completed
questionnairesagain can reduce the original sample size (Gorard
2001). Although non-responsecould lead to further bias in the sample,
the aim of the survey was to provide a broad description of primary
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locality
in
by
drawing
and sociosize,
varying
upon
schools
science
economic status. However it cannot be overlooked that those who
different
have
to
the
very
might
well
questionnaire
chose not return
views about science in their primary schools.

In order to maximise the validity and reliability of the survey, the

questionnairewas carefully constructedusing sets of questions
designed to collect opinions and attitudes about science in primary
These
SC.
the
the
questions were
of
role
and
about
schools

influenced by policy documentsand recent findings from funded
deal
In
of considerationwas
a
great
published research. addition,
SCs
the
to
the
piloted
with
which
was
questionnaire
wording of
given
the
The
of
pilot study,
results
schools.
primary
representingeighteen
along with discussionwith the primary science team, a senior
that
the
the
number of
researcher's
supervisor
showed
and
statistician
initial
be
to
an
principle
significantly
so
reduced
and
questions needed
components analysis of this questionnaire-usingMinitab was carried
out. This was designed to reduce the data to two dimensions to see
what combination gave the biggest spread. For each question two
variants were used for the data, covariance and correlation. Such
analysis helped to inform the selection of a minimum number of
questions needed in order to give the maximum information,which
in
resulted the final questionnaire (appendix 5.1).
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3.3.3.2 Case study
Robson (1996) suggestedthat case study was a strategy for doing
research rather than a method and it was focused on phenomena in
context. Thus it draws upon multiple methods of data collection.
Bassey (1999) warned that there was no overarching framework,
which clearly defined case study research and highlighted the

complexity surroundingthis approachto research. Neverthelessin
order to provide an in depth understandingof policy to practice context,
a case study approachwas consideredthe most appropriate way to
generate data as it is naturallysuited to an interpretive and subjective
paradigmwhere the researcherwas seeking to understand and
interpret the world within a real life context (Yin 1994). In addition, it
was felt to be the best means of following up in more depth the broad
issues emerging from the survey, drawing upon both naturally
occurring and generated data in the form of lesson observations and

interviews.

The case study research here in many ways resembled Stenhouse's
(1978) ethnographic case study in that it comprised several cases
(rather than a single one) studied in depth which although drawing
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upon non-participantrather than participantobservation,was
supported by interviews. In this sense collective case studies were
undertakento provide a fuller picture (Stake 1995). Whilst they focus
on the understandingof individualactors in terms of their conceptions
of primary science, they also seek to provide explanations that in
Stenhouse'swords, 'emphasisecausal or structural patterns and as a
result'develop' rather than 'test' theory (Stenhouse 1978).

The approach adopted here was also similar to Stake's (1995) view of

'instrumental' case study researchas it draws upon more than one
context in order to try and understandan 'outside concern' and gain a
deeper understandingof issues surroundingthe interpretation and
integration of policy into practice. Stake (1995) defined 'instrumental'
case study as issues dominant with the case only playing a supportive
role, and, as such, it differs from an 'intrinsic' case study where the
case is dominant (Stake 1995 p17). He argued that by using 'issues'
as the conceptual structure it forces our attention on 'complexity' and
'contextuality' surroundingthe issue and therefore draws us towards
observing and teasing out the problems of the case (Stake 1995 p16).
Thus, the 'cases' selected here are indicative of Stakes' instrumental
case study, extended to several cases in order to gain a better
understandingof the issues surrounding primary science.

71

Stake in Denzin and Lincoln (1998) advocates that it is the researcher
who decides on how the case should be reported, based on which
in
feels
issues
the
understanding
of
method s/he
will maximise
question. Therefore, in order to report the findings from the case study
schools, the decision was taken to focus on a number of
individuals/cases (HTs, SC, CTs and pupils) with features in common

in order to tease out the dominant issues in relation to primary science
at differing levels within the schools.

This allowed the analysis to uncover issues of a political, social or
historical nature, for example issues that were policy driven such as
teaching for SATS as well as issues which were individualised,for
example experienceof CPD or length of teaching experience (Stake
1995). If time and wordage had permitted, then a further phase would
have considered these issues by reporting each school as a case
study.

Whilst the case studies reported here are partially descriptive in terms
of describing what primary science is like, they are also explanatory in
an attempt to identify which causes produced which effects (Yin 1994).
However instead of being similar, they are purposively as diverse as
possible, in order to provide a greater example of interpretation into
practice.
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Thus, exploring the conceptions of primary science through case study
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Bassey (1999) pointed out that the problem of generalisation from case
that
(1994)
Yin
in
different
only
suggested
ways.
study was viewed
ganalytic',not 'statistic generalisation'was appropriate and this view
'retrospective
(1978)
Stenhouse's
fit
notion
of
would also with
In
from
isation',
the
studies.
analysis of case
which arises
general
from
instance
the
'generalisation
to
this
approach,
case study
relation
Bassey
describes
it
best
this
to
the
research
class represents'
studied
(1999) in that it is concernedto explore and analyse similarities and
differences in views, beliefs and practices from four diverse schools in
terms of socio economic status, size and standards as reported by
Ofsted (1996-2000) and SATs (2000-1).
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Whilst a series of interviews and observationsover a period of time
may increase reliabilitywithin the four schools, however generalisation
from these studies must be done with a certain amount of caution
(Stake 1995). Simons (1996) suggestedwe should acknowledgethe
paradoxes and tensions that case study presents, as this is how we

develop a deeper understanding.Thus it cannot be assumed that the
'findings'from the case studies presented here, are necessarily
representative of views, beliefs and practices in other primary schools.

Oppenheim (1999) stressed that in order to identify unforeseen
problems and minimise these for the main case studies, it is necessary
to attempt some form of pilot. However Robinson (1996) argued that
as a case study is a unique entity there are no comparable
equivalents,which makes this problematic.With this in mind, a range
of data collecting techniqueswas trialled and modified, including semistructured and group interview, and lesson observations before
conducting case studies.

Prior to conducting pilot interviews each interview schedule was
discussed at length with the researcher's supervisor and senior

academiceducationsfromthe scienceeducationdepartmentat the
localITE institution.Then,in orderto ensurevalidityand
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appropriatenessof interviewquestions and to refine and perfect
interview techniques, the questions and the interview process itself
were piloted in a range of contexts. Elite interviews were piloted with
three 'pseudo elites'with various roles within an ITE college and pilot
interviewswith HTs, SCs and CTs were conducted within a primary
school that would not be part of the study. As a result of the pilot
interviews,the questions were modified accordingly and final interview
schedules prepared (see appendices4.1,6.1,7.1 and 8.1).

3.3.3.3 Group interviews

In order to gain a wider understandingof primary science within the
case study schools it was felt importantto elicit the pupils' views.
Ruddock (2005) suggestedthat pupils were 'active players' in the
education system and therefore it was important to listen to what they
had to say about how they learn. She identified four key arguments in

supportof pupilvoice,includingthe influenceof the children'srights
movementthat said children should have their say on matters that
concern them. Lewis and Lindsay (2000) advocated that children's
perspectiveson teaching and learning were unique to themselves and
therefore it was important for researchersto conduct research
ethically, but in a way that maximised opportunities for children's
perspectivesto be listened to.
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Brooker in Mac Naughton, Rolfe and Siraj-Blatchford(2001, p 163)
suggestedthat current thinking perceivedchildren as fully formed and
complete individualswho had rights of their own, including the right to
voice opinions and influence decisions in matters relating to their own
lives. Furthermore,she argued that there were important insights to be
gained by listening to children's view points which particularly in

combinationwith other evidence could enable us to see and discover
aspects of their lives which no other research method could reveal
(Brooker in Mac Naughton et al 2001 p177). Lastly by engaging in
shared dialogue with each other about teaching in and learning, (in this

case primary science) pupils may have the opportunity to develop
meta-cognitiveskills which Brooker suggests may be more worthwhile

in the long-termthanthe researchitself.

Ruddock (2005) argued that because teachers were predominantly
concernedwith covering the curriculum and preparing for tests, they
had little time to provide pupils with a voice about teaching and
learning in school. Consequentlyit was the researcherwho was best
placedtodothis

Therefore the aim of the 'group' interviews was to

provide a broader perspectiveof practice by providing pupils with an
opportunity to articulate their views of the importance of science in
everyday life and how this related to the teaching and learning of
primary science school.
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It was felt to be importantto distinguish between interviewing 'groups'
and 'focus groups', where the main aim is to 'brainstorm ideas prior to
the construction of a survey questionnaire(Krueger 1994). However
the strengths and weaknessesof group interviews are similar to those
found with focus groups, in that if set up correctly they can be a
powerful way of gaining ideas and feelings about a particular issue. In
a similar way to focus groups they allow people to interact with others
within naturalistic settings and enable the 'interviewer' to probe
unanticipated issues. Disadvantages include having less control over

the group and generating data which is more difficult to analyse.
Furthermore,Krueger (1994) advised that comments should be
interpretedwithin the context of the social environment as people may
modify or reverse their views after interacting with others. He also
in
has
the
thus
that
warned
each group
unique characteristicsand
least
it
be
felt
important
this
to
to
at
context of
research was
conduct
two group interviews with pupils from each class in order to see if their
views were comparable and therefore possibly representativeof the

class.

Thus,the reasonsfor interviewingchildrenin groupsratherthan
individuallywere based on the assumptionsthat this approach would

boostconfidenceand providea contextwhereone child's ideacould
trigger thoughts and ideas in others. Groups of six were seen as the
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optimal number, enabling a range of views to be shared, and
opportunitiesfor quieter pupils to contributeto the discussion (Krueger
1994). Other important considerationstaken into account were the
choice and dynamics of the groups and the nature and sequence of
questions asked. In this sense it was felt that the use of group
interviews with children would not only enable the researcher to gain
an insight into children's understandingand views about science within
each school but would also enable the pupils to have a voice by
articulating their views about science, and science education
(Rudduck 2005).

The piloting process was felt to be particularly important with young
children and initially the aim of the research was to draw upon ideas
from pupils in KS1&2. However, it is well documented that interviewing
young children can be quite a difficult process and therefore it was felt
necessary to trial questions with young children beforehand (Lewis
1992). Piloting the same questions with pupils in different year groups
illustrated that it would be problematicto use the same interview

questionswith all ages.Whilst'warmup'questionssuch aswhat do
you like to do at school?' seemedto be a goodway of puttingall pupils
at ease before asking questions specifically about science; questions
that asked the children to think about 'science' within school in terms of
its relevance to the world were quite difficult to phrase without
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becoming leading questions. In addition,whilst questions could be
simplified for younger pupils it was questionablewhether the
responsesgiven would then be comparablewith those from older
pupils respondingto a modified question. Furthermore,the use of the
word 'science'with very young pupils also proved to be meaningless.
Other problems encounteredwhen piloting group interview techniques
included pupils giving the answer they felt the researcherwanted, or
any answer, irrespective of the question asked, or repeating the
response given by another pupil (Lewis 1992). These issues were
exemplified with pupils in KS1.

Thus, the questions compiled for group interviewswere piloted before
hand with groups of four to six children from Y1 to Y6. From this the
most informativequestionsjudged by the researcher and most
appropriatevocabulary used and understood by the pupils provided
the basis for the group interviewswithin the case studies. Responses
from KS1 pupils were more descriptive, unpredictableand idiosyncratic
and did not illuminate the research questions. This resulted in the

decisionthat the groupinterviewsreportedin the case studieswould
focus on pupils within KS2 only (appendix 9.1).

3.3.3.4 Observations
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Data collection through methods of observationcan become quite
complex and problematic. In terms of objectivity and trustworthinessof
data it is importantto bear in mind that the observation in whatever
form is only one view of what is happening,as the complexities of the
classroom situation make it impossibleto observe all that is taking
place. Non-participantobservationwas felt to be appropriate for
gathering evidence in this study, so that the researcherwas still in a
position to stand back from the observationsand retain some
objectivity, albeit from one perspective.

Again the importance of conductingpilot studies (Oppenheim 1999)
in
be
techniques
underestimated
and of piloting observation
cannot
terms of deciding on the most appropriate observational strategy and
in terms of perfectingthis in order to minimise disruption and bias in
data. Thus, prior to carrying out observationsin the main study, a
range of observation techniques were tried. This included the use of
video tape and teacher reflection on the lesson, taking field notes of
observations and writing them up afterwards and using a science

lessonobservationscheduleadaptedfrom Coates,Vause,Jarvisand
McKeon(1998).

The outcome and evaluations of these methods with the researcher's
supervisor and other colleagues of the primary science department of
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the local ITE, led to the decision to use field observation notes together
with the observation schedule (Coates et al. 1998), in order to
minimalise the amount of disruptionand intrusion into the science
lesson. It was decided that observationalnotes would be recorded as
quickly as possible and in enough detail in order to sum up the
described event (Lofland 1971 in Cohen et al 2000) whilst the

observation schedule (Coates et al. 1998) would focus on specific
scientific discourse and interaction (appendix 10.1).

3.3.4 Sampling strategy
Careful considerationwas given to the sampling strategy at all stages
throughout the research and the discussion here briefly outlines the
employment of theoretical or purposive sampling (Silverman 2000) in
relation to survey and case study. With regards to elite figures in
science education, those that were felt by the researcher to have had

somesignificantinfluence,insightor experienceof the policycontext
were considered. Out of the eight contacted, six agreed to an in depth
interview in relation to the policy to practice context of primary science.

Anotherimportantconsiderationwas the selectionof a representative
sample for the survey (Oppenheim 1999). Mujis (2004) observed that
much education research draws upon methods of 'convenience
sampling' and although this may be advantageousfor financial and
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time reasons, it can lead to serious problems in terms of sample bias
(Mujis 2004, p.40-1). For the researcherin this instance, attempts
have been made to minimalisesample bias by, in Oppenheim's (1999)
words, opting for'cluster' and 'quota' sampling techniques in order to
provide a representativesample of schools with pupils aged between
five and eleven (KS1&2).

Schools were selected from two neighbouringLEAs, in the south east
of England, and as it was not financiallyviable to send questionnaires
to all schools a sub-samplewas selected by targeting those with pupils
aged between five and eleven that were in partnershipwith the local
ITE College. This amounted to a survey total of three hundred and
forty nine of a possible five hundred and eighty eight schools,
approximately60% of state funded schools containing pupils aged
)This
between five and eleven within the two LEAs.
included some first
and middle, but mostly primary schools and was felt to be
representativeof the diversity of schools in terms of size and socio economic mix within these LEAs. However it has to be acknowledged

that beingin partnershipwith a localITE Collegemay haveinfluenced
in the way in whichschoolsrespondedto the survey.

Theoretical and purposive sampling (Silverman 2000) was used to
select the case study schools in the hope that they would provide
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theoretically meaningful data in relation to the research questions
(Mason in Silverman 2000). The case study schools were purposively
followed
that
that
they
wide
range
of
schools
a
represented
selected so
the PSNC (1999). This was to see if interpretationand understanding
dependent
the
teaching
context
was
on
science
subsequent
of
and
teachers worked within in terms of size of school, urban/rural settings
Initially
ten
the
catchment
area.
school's
and socio-economicstatus of
schools which had been involved in the regional survey and who had
expressed an interest in further participationin the study were
felt
be
to
this
four
to
From
this
was
agreed participate and
approached.
the optimum number for the researcherto manage given the
data
interview
Table
3.2
time.
provides an overview of
constraints of
collected within the case study schools.

Within each school the same sampling strategy was applied. Semi

(at
least
CTs
SCs
interviews
HTs,
and
were carriedout with
structured
to
HT
from
key
In
the
select
asked
was
each
stage).
school
one
each
teachers from each key stage, where possible based on variation in
gender, length of teaching experience, and a willingness to take part.

In the two smallerschoolssomeCTs had mixed-ageclasses,although
none of the CTs had a class with pupils from both KS1&2. Group

interviewswere conductedwith a sampleof pupilsfrom eachof the
KS2 teacher classes. In all cases, the CT was asked to select the
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Table 3.2 Interview data collected from case study schools
SCHOOLl
(urban)
HT1

F-SCHOOL2 - lr-Ural)
SCHOOL3
SCHOOL4
(semi-rural)
(semi-urban)
HEAD TEACHERINTERVIEWS(HT)
HT2

I HT3

I HT4

SCIENCECO-ORDINATORINTERVIEWS(SC)
AND YEAR GROUP (Y)
SC3 (Y5/6)
SC4(YR)
SC2 (Y3)

SC1 (Y4)

CLASS TEACHER INTERVIEWS(CT) AND YEAR GROUP (Y)
CTlA (Yl)

CT2A (Y2)

CT3A (Y1/2)

CT4A (Yl/2)

CT1B (Y5)

CT213(Y4)

CT313(Y3/4)

CT4B (Y4/5)

CT1C (Y6)

CT2C (Y6)

PUPIL GROUP INTERVIEWS(G) AND YEAR GROUP (Y)
GlA'*
2 (yl)
GlA

G2A'
2
G2A (Y2)

G3A'
G3A2(Yl/2)

G4A'
2(yl
/2)
G3A

GlB'
2
GlB (Y5)

G2131
2
G213 (Y4)

G3131
2
G313 (Y3/4)

G4131
2
G413 (Y4/5)

GIC'
C2
Gl
(Y6)
GlSCI
SC2
Gl
(Y4)

G2C'
G2C2(Y6)
G2SC'
G2SC2(Y3)

G3SC'
G3SC2(Y5/6)

GSCI
GSC2(YR)

* Denotes first and second group interview

groupsso as to ensuretherewere a balanceof boysand girls and a
range of ability including special educational needs. The number of
children in each group interview was a percentage of the class, for
example between 20-30%.
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Other important aspects to consider in terms of maximising
trustworthinesswere the timing of interviews.The researcher needed
to take account of the busy life of the school, particularly interviews
with HTs fitting in with their schedule. Considerationwas given to
whether interviews should be conducted before or after school, on the
same or different days of observationas this might have some bearing
Whilst
it
be
how
to
teachers
to
willing
might
partake.
receptive
and
as
was acknowledgedthat it was impossibleto know how much the
presence of an observer affected the general routine of science

lessons, nevertheless it was also important to decide on the total
be
lessons
to
be
interviews
to
of
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number of
conducted
number
it
Thus
data.
in
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the
was
of
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be
interview
that
teacher
observed
would
agreed
each
who gavean
teaching three science lessons throughout the year and permission
from
interview
be
to
two
children
of
would
a minimum of
groups
sought

that class.

Careful considerationwas needed when arranging to observe science

lessons,withineachterm and throughoutthe year in orderto avoid
situationswherethe classand teacherare unableto continue'normal'
routineand work pattern. Howeverthe busy life of a primaryschool
can meanthat no time duringthe schoolyear can be considered
'normal' and 'free from disruption'. Neverthelessthe researchertried
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to maximise the trustworthinessof data by avoiding lessons right at the
beginning or end of term and during the, period of SATs in KS2.
However, some situationswere unforeseen,such as ITE students on
placement or teacher absencesthrough illness. In such cases the
lesson observation data could not be used for that class. However
when considering what is 'normality' in terms of science in primary
schools it is worth noting that the elimination of all 'disruptions' would
perhaps provide an 'artificial' picture.

Lesson observationstook place at termly intervals in each school. In
most cases three lessons were observed, one during each term so as
to identify variation or continuity in the way the teacher taught science

throughoutthe academicyear. In somecasesit was only possibleto
observe two lessons due to teacher absence or the presence of a
trainee teacher on school placement.

3.4 METHODS OF DATA COLLECTION
3.4.1 Questionnaire
The aim of the survey was to build a regional overview of the

conceptionof sciencein schoolswith primaryagedpupils. A
questionnairewas felt to be the mostappropriateway of collecting
general information about science and was addressed to the SC as it
was felt that they would have an interest in, and be best placed to

86

comment on science policy and practice in their school. Once
modified, the questionnairewas sent out with a covering letter and
stamped addressedenvelope to encourage return.

The final questionnairecontained fourteen questions and was divided
into two sections relating to:
learning
including
beliefs
teaching
and
science,
around how
9
children learn, strategies used for teaching and the role of

assessment;
including
SC
background
the
the
their
and
role
of
educational
9

experience,as well as perceptionsof their role and professional
development priorities for themselves and for the school.

3.4.2 Individual Interviews
Semi structured interviews with elite figures in science education and
selected participants from the case study schools were conducted at
various stages during the research in order to ascertain their views and
understandingof primary science. Interviewswere considered an

appropriatemethodof collectingin depthinformationaboutopinions
and practicerelatingto primaryscience.In all casesthe questionson
the interview schedules were framed so as to be open-ended and not

'leading'or biasedin anyway, yet specificenoughto avoidambiguity.
The interviews were designed to gather data on perceptions of:
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be
what
science
about;
primary
should
9
future
influences
the
on
past,
and
perceived
significant
present
9
of the primary science curriculum;
how
tensions
PSNC
the
the
and
conflicts
and
since
advent
of
e
these have/have not been resolved.

3.4.3 Group Interviews
Two groups of pupils were interviewedin each class in an attempt to
give a wide spread of views. Each group consisted of six boys and girls

of mixed ability and were chosen by the teacher. However for the

purposesof analysis,onlythe first interviewfrom each classwas used
and where discrepanciesemerged, the second interview was referred

to. Eachgroupinterviewlastedno morethan twentyminutesandwas
designed to gather information about:

*

interest and motivation in school science and science in the
wider context;

9 definitions of science including their understandingof the

scientificprocessand contentin relationto othersubjects;
o purpose of learning science including its relevance to other
aspects of their lives and others.
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3.4.4 Observation
Lesson observationsfocused on the interaction between pupils and
teachers, in terms of the nature of 'talk', and planned activities within
the science lessons. Lesson observationswere conducted once a
term across KS1&2 and provided data from which a comparisoncould
be made in relation to the PSSW (1998) and PSNC (1999) for teaching

science. Finally it enabled a comparisonof what teachers said they did
in their science lessons and what from the researcher's perspective
actually happened.

During the lessons the researchermade observations by using the
observation schedule (Coates et al 1998) and recording extensive field
notes about the structure and organisation of the lesson, its objectives
and subject matter, teaching and learning strategies employed. This
also included the purpose and quality of talk, in particular, the kinds of
questions used by the teacher and pupil responses, recorded word for
word where possible (see appendix 10.3), the range of practical
activities pupils engaged in at various times during the lesson. Notes

were also recordedin relationto the quantityand purposeof written
work,and examplesof assessment.Fieldnoteswerewrittenup
immediatelyafter each lessonso as to captureas accuratelyas
possiblethe researcher'sinterpretationof events.
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3.5 DATA ANALYSIS
3.5.1 Quantitative data
A Statistical Packagefor the Social Sciences (SSPS) programmehas
been used to aid the analysis of data generated by the questionnaire.
This was used to provide a broad description of science in primary
schools across two LEAs, in terms of describing the perceived
influences on planning, teaching and assessing science along with
descriptions of the typical role of the SC. An analysis of the questions
was conducted, taking account of measures of central tendency and
measures of spread in order to generate descriptions of:
9 the overall profile of the sample,
*

science in terms of curriculum, pedagogy and assessment,

in
SC
the
role
of
relation to needs and support.
9

Where appropriate cross tabs were conducted to enable comparisonof
responses between KS1&2. A description of each question was then
generated in terms of the range of responses and where relevant, a
table was created to illustrate findings, together with exemplary

comments.

3.5.2 Qualitative data
Silverman (2000) suggested that qualitative researchers should be
concerned about issues of validity and reliability not only in research
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design and in the collection of data but also in its analysis. He
suggested five ways in which the careful analysis of qualitative data
can provide more valid findings (Silverman2000 p.188). Data analysis
of qualitative research should be carried out in a rigorous and robust
manner in order to increase the credibility and trustworthinessof the
findings. Comprehensivedata treatment through constant comparison
and deviant case analysis (Silverman2000) was applied at all levels of
data analysis.

3.5.2.1 Interview data

In all instancesa similarstrategywas usedto analysethe interview
data (from both elite and case study interviews),with theory arising out
of the data collected (Strauss and Corbin 1998). Whilst the policy
contexts were used to frame the research design, the broad themes
that emerged from the elite interviews (which spanned all three policy

texts)were usedto structurethe analysisthroughout.For example,an
analysis of the elite data was conducted in the following way. Starting
from the initial interview transcripts, speech mannerisms such as word

repetition,thinkingwords(urn,ur etc) that addednothingto the
meaningof the text were removed.Theneachquestionwas taken in
turn and responseswere assembledand presentedside by side on a
spreadsheetand cross-referenced
to the originaltranscriptsso that the
texts couldbe examinedfor processes,actions,assumptions,
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consequences,metaphorsand conflicts. A description of how each
elite answered each question was then written, along with exemplary
comments. Then further analysis was carried out by placing those
responsesthat related specificallyto each of the three contexts (Bowe
identification
1992)
into
the
of
enabled
summary
which
et al.
a
grid
connecting themes.

Throughout the process code notes were made so that main themes,
issues and surprises for each topic along with contrasting views could
be identified. Operational notes were also made during data collection
in case practical matters had any bearing on the overall process.
Finally, theory notes were made in an attempt to build a conceptual
model (Strauss and Corbin 1998), which is presented in the discussion
section of each data chapters. The same systematic analysis was
repeated for HTs, SCs, CTs and pupils within the case study settings.

However,becausetheseinterviewsrelatedonly to the contextof
practice the broad themes of curriculum, pedagogy,
assessment/accountabilityand teacher development and subject

knowledgewere reflectedin the summarygrids and in relationto the
pupils'data, only the first threeof thesethemeswere applicable.In
addition,for eachschool,the two groupinterviewtranscriptswere
compared by taking each key question in turn and assembling each
group's responses side by side to see if there was significant variation
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in responses. In each case these were found to be minimal so the first
interview carried out in each class formed the basis of the analysis,
leaving the second for referencewhere necessary.

Finally the summary grids enabled layers of interview data to be
compared across and within case study schools. Exemplary
comments taken from the summary grids have been used to illustrate
the analysis in the discussion of each data chapter.

3.5.2.2 Observation data

An initial analysis of all observed lessons was carried out starting with
the field notes made during each observed lesson. Each text and
observationschedule was examined in much the same way described
for the interviews above. The broad themes of curriculum, pedagogy,
assessment/accountabilityand teacher development and subject
knowledge that emerged from the analysis of the elite interviewswere
used as a basis for the initial analysis of all observed lessons. In
addition the responses teachers made to the interview questions 'How
do you plan, teach and assess science were also used in the initial

analysisin orderto identifykey influencesin the way lessonswere
orchestrated and evidence of conflicting views, ideologies and policies

in action. This allowedmainthemes,issuesand surprisesfrom each
cluster of lessons for each teacher to emerge and enable comparison
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with another teacher's cluster of lessons either in the same school or
between schools and key stages (Strauss and Corbin 1998).

Then six exemplar lessons broadly based on the theme of solids,
liquids and gases (SLG) were drawn upon to illustrate main themes
and any other outstanding issues and were examined in depth. In

relation to the broad themes outlined above, the following dimensions
emerged from observed pedagogicpractice:
*

the nature of practical activity;

*

the quality and purpose of 'talk';
the purpose of written tasks.

In addition, learning objectives, planned activities and learning
outcomes were analysed in relation to teachers' lesson plans, the
appropriate unit of work in the PSSW (1998) document and school
science policy.
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CHAPTER FOUR: THE ELITES

4.1 INTRODUCTION
The views of the elites represent a broad but important overview

derived from their contrastingroles within an educational context and
their links to science education. From their differing perspectives,it
was hoped that they might provide significant viewpoints on the way

key events, opinions and ideologies have shaped national policies,
which in turn have been recreatedin practice.

4.2 AIMS

This chapterwill considerthe past and presentpolicyto practice
context by reporting the views of elite figures and themes that
emerged. The findings from this chapter reflect current perspectiveson
science education in 2003.

4.3 METHODS
4.3.1 Participants
The elites were selected in the manner described in the methodology
chapter with the aim to provide a diversity of opinion and interpretation
of events and ideologies,which may have been significant in the
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developmentof primary science. The elites varied in terms of their
backgroundsand were chosen because of their present roles within
science education.

Elite 1 (El) was Principal Science Consultantwithin the Qualifications
and CurriculumAuthority (QCA) and had been involved in the revision
and publication of the current Primary PSNC (1999) and the Assessing
Progress in Science (2003) guidance materials. Prior to this he had
worked within ITE secondary science programmes. Most recently he

had been involved in the QCA Future's ThinkingProject (2002). Elite 2
(E2) had been involved in nationallyfunded science research projects
including SPACE (1986-1990)and recently had co authored the report
Beyond 2000 (1998) which has informed the latest review of the NC
(1999). He also acted as a science advisor to QCA/NFER on an
annual basis regardingthe scientific content of the SATs. Elite 3 (E3)
had had a long involvementin primary education as a HMI and Ofsted
inspector and had also produced several publicationson primary
science and primary education. He currently worked as a Professor in
Education at an ITE College. Elite 4 (E4) had been a key figure in
science and assessment nationallyfunded research projects, most
notablyjoint director of the APU prior to the introduction of the NC and
joint director of SPACE project. She was one of the original members
of the NCSWP, whose Interim Report (DES1987) informed the science
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NC. She had been the Director of Scottish Education Research. She

Group
Assessment
Reform
the
and
of
a
member
also
currently
was
had also publishedmany books on primary science and assessment.
Elite (E5) worked as an independentconsultant for primary science
Schools
LEAs
CPD
and producing a number of
and
within
supporting
in
involved
Prior
to
this
a major research
she
was
related publications.
project that explored the teaching of science investigations (Foulds et
from
1998-1999
the
time
Chair
ASE
She
1992).
of
at
of
was
also
al.

the publicationof the PSSW (QCA 1999). Elite 6 (E6) is currently Chief
Executive of ASE. He had also been chair of ASE 2000-2001 and prior

to this had worked in science ITE.

4.3.2 Materials
An interview schedule was designed to gather informationfrom the
interview
The
4.1).
(see
the
schedulewas
content
of
appendix
elites
determinedby the key researchquestions of the study and outlined in
more detail in the methodologychapter.

4.3.3 Procedure

Each key figure was sent a letter via email requestingan interview and
had
it
to
When
date
the
they
how
agreed,
research.
related
a
stating
interview
(appendix
4.1)
to
them
sent
an
schedule
enable
and
was set
to consider the questions beforehand.The key figures selected a time
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and venue for the interview,which lasted approximatelyan hour.
Responseswere audiotape recordedwith permission from the
individuals and transcriptswere sent to each elite to comment on in
terms of accuracy of content and to modify accordingly to ensure that
the transcript reflected their responsesto the questions.

4.3.4 Analysis
A data trail was kept, starting from the initial interview transcripts and
analysed in the way described in the methodology chapter. Then those

responsesthat related specificallyto each of the three policy contexts
(Bowe et al. 1992) were placed in a summary grid to enable further
analysis and identificationof connectingthemes. Further examination

of the summarygrid enabledfour broadunderlyingthemesto emerge.
A description of what each elite said in relation to these themes within
from
In
the
then
to
this,
context
responses
each
was
recorded. addition
each elite figure was examined in light of his or her past and present
roles within science education.

4.4 RESULTS
Within the three contexts the broad themes of curriculum, pedagogy,
assessment/accountabilityand teacher development and subject
knowledgewere used as an organisationalframework for reportingthe
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discussion
The
development
the
science.
of
primary
about
elite views
section, which follows, develops the broader, analytical story around
these themes. Exemplarycommentstaken from the summary grids
have been used to illustrate the analysis in the discussion section.

4.4.1 Context of influence

4.4.1.1 Curriculum
El stated that in the 1960s and 1970s, Schools Council Projects, and

Nuffield Science had influencedthe primary science curriculum,
however, leading up to the PSNC (DES1989b),he felt that politicians
became quite influential, by forming a 'coalition'with scientists and
have
for
to
Harlen
had
felt
E2
that
science
argued strongly
educators.

to
helped
NCSWP
through
the
in
the
primarycurriculumand
a place
Haden's
that
E3
thought
PSNC
(DES1989b).
the
seminal
also
shape
debate
'
had
the
(1978)
'Does
about
matter?
raised
content
paper
'content' rather than just 'process' in primary science. However
because the NCSWP mostly consisted of science specialists and
enthusiasts, E3 thought primary science took on the inappropriate
format of a secondary science curriculum. Although he had formed part
being
into
look
to
the
what
was
party
at
working
manageability
of a
for
proposed the three core subjects for primary schools a report was
never published. E4 suggested her work in the APU had an indirect
influence on primary science in that it raised the notion for the need to
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have some 'content' on which to base the assessment. As a member
of the science NCSWP, she argued that the original version of the

PSNC (DES1989b) had been viewed as mostly process based with
some core content, although the DIFESafter reading the report had
added more detail and filled in gaps left out by the working party (El,
E2, E3 and E4).

E5 felt that the government's own education agenda resulted in
science becoming a core subject but argued that other bodies such as

ASE and Industry had also influencedthe curriculum content, whilst E6
Policy'
'A
Statement
HMI
document
that
the
of
suggested
earlier
(1985) had also raised the debate about primary science (E5 and E6).

E4 thought that more recently the Dearing Report (1993) had been a
key influence on reducing the complexity of the NC (DES1995). E3 felt
the lack of any significant change to the curriculum content of the
current PSNC (DfEE1999)was largely due to the enhanced
importance given to other policy initiatives such as the NNLS. El, E2
and E5 thought that AKSIS (1998) had a big impact on the current
PSNC
(DfEE1999)in relation to scientific enquiry as the
the
of
version
findings had shown that pupils were generally poor at data handling.
E5 also felt the ASE had influenced the current content of PSNC
(DfEE1999) because it met regularly with WEE, Ofsted and QCA
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feeding in views and responses to changes in the curriculum (El, E2
and E5).

E6 stated that political influenceshad led to the most recent revision of
the NC (1999) along with the suggestion(from teachers) that it was still
too overcrowded. He felt that the revisionwas not due to wanting to
have a fresh look at what educationalists wanted from a science
curriculum but was a reaction to what was already there. Nevertheless,

he suggestedthat within the science communitythere was broad
agreement about what was to be achieved for science and this was

due to having the right people in the right jobs at the right time,
particularlyin Ofsted and QCA.

4.4.1.2 Pedagogy
E3 suggestedthat a strong influence on science pedagogy had been
the work of Nathan Isaacs and The National Froebel Foundation,
which in turn had influencedthe Plowden Report and had given a
for
rationale a 'process' approachto primary science. E4 thought that
the work of Piaget had been influential,as it had shown children were
able to explore and make sense of the world. E4 stated that in the
1980s the research by herself and Driver into children's own ideas,
along with Osborne and Freyberg'swork in New Zealand had been a
key influence on primary science pedagogy. It had led to the realisation
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that children already had their own ideas and these should be taken
into account when making assessments.This had influenced thinking
about the interaction between scientific process and concepts. Thus,
E4 felt that research on the constructivistphilosophy had been a major
catalyst as now most teachers realised the importance of starting with
children's ideas. E5 also thought CLIS and SPACE, promoted by

inspectors and advisors had influencedscience pedagogy and pushed
the constructivist approach in schools because ASE had been
proactive in reporting science research when lobbying government.

4.4.1.3 Assessment/accountability
The Primary Survey, (DES1978)was cited by E2 and E3 as significant
as it identified science as very patchy in primary schools. E3 also
stated that the HMI discussion paper in the early 1980s Science in
Primary Schools (1983) had influenced debate about the notional
content, particularly leading up to the PSNC (DES1989b). E3 thought
that the HMI had been influential between 1978 and 1988 and also
during the period 1992 to 1996, when inspections were very much

concernedwith 'compliance'with NC. Howeversince 1998he felt
science although regarded as important by the government had
become less of a curriculum focus due to the more recent emphasis on
NNLS. However, the place of science in the NC had been made more
secure by the fact it was tested at KS2.
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E4 felt that the government'swish to move to a national system of
testing in order to ensure greater accountabilityand parental choice
had prevented the APU having a greater influence on assessmentin
terms of providing teachers with diagnostic points about where they
were going wrong in science. This had now resulted in a tension within

the current context of influence between the government's
determination to keep summative tests, yet also wanting AfL. E4
argued that the two forms of assessment could not go together as they

involved different teaching and learning methods.

E2 stated that the government'spolicy of national testing had and
continued to be a major influence on the development of primary
science, both in terms of curriculum and pedagogy. He felt the tests
asked for too much recall and even although he advised the test
producers of this they did not take it on board. E6 felt there was a
tendency for SATs to dictate the content of science, whilst E5 reported
that the findings of AKSIS (1998) had resulted in more scientific
enquiry questions, particularly on data handling in the SATs. E6 said
that the wide uptake of the PSSW (1998) had been fuelled by Ofsted's
approach, in that those schools that followed it received a 'tick in the
right box'.
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4.4.1.4 Teacher development and subject knowledge
E3 thought the early HMI primary science courses had been a major
influence in defining primary science particularly as they operated then
with enthusiasts like Wastnage and Stockdale who E3 argued had
'been major proselytisers forprimary science', but also because they
resulted in the appointment of advisory teachers who in turn ran the

courses. He felt HMI district advisors influenced LEAs to appoint
people with 'specialisms' in science in order to support primary
science. E2 also viewed courses funded by ESGs as influential in
developing teacher subject knowledge and understanding,whilst E4
felt the very fact that primary science was made compulsory, meant
more attention had been given to ITE and resources.

El stated that there had been a tension between how much 'science' a
primary trained teacher needed to know in order to teach effectively,
and whilst the NC implied you needed to know a lot, he thought that
good science teaching was just as much about how teachers
interactedwith pupils rather than how much they knew. El argued that
in the recent PSNC (DfEE1999)the issue of how much a primary
teacher should know in order to teach science was too detailed,
instead the main aim should be to encourage primary teachers to
concentrate on things they could do well, and not to go into too much
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detail. E3 thought that teacher's subject knowledge had only become
an issue after the mid 1990s.

4.4.2 Context of policy text production
4.4.2.1 Curriculum

E3 stated that the PSNC (DES1989b)was the first attempt to bring
together 'process' and 'content'. However he felt that as a result there
had been too much emphasis on content although subsequent
revisions had meant the balance was perhaps better now. However E2
argued that due to the way the original PSNC (DES1989b)was written,
primary science was now defined in conceptual terms, and as such;
El
that
the
thought
present
not
explicit,
whilst
scientific enquiry was
PSNC (DfEE1999) reflected the current definition of primary science
E3
in
be
'foundation'
curriculum.
and many ways could viewed as a
how
to
had
been
that
there
as
never
any clear guidance
also stated
much time should be spent on science and thus how much time would
be needed to cover the PSNC. E2 thought that primary science was
now undervalued and did not get as much time spent on it as some
other subjects, whilst E4 said the tensions were in terms of overloading
the curriculum and this had not been resolved.
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El stated that the current PSNC (DfEE1999)could be cut down even
more but felt there would not be a chance to do this with the current

emphasis on testing. However he thought there was plenty of scope for
science process skills to be applied across other subjects as all
subjects through their skills had a common root and in this sense

science was not so different. El felt that the PSSW (1998) had now
built upon the foundation of the NC and thus it was reasonableto
expect schools to work from this.

El thought there had been a big tension between scientific enquiry and
content before and after the PSNC (1989b). ThePSNC(DES1989b,
1991b and 1995) meant that teachers began to lose sight of what
scientific enquiry was and relied on the formulaic versions from the NC.
El thought that was not what was envisaged pre PSNC (DES1989b).
El felt that there was a tension between NNLS and producing the
science equivalent with skills carrying the same importance. He
thought that science and finding out about the world could be a great
context for learning literacy and numeracy, as he felt the way one
learned basic skills was important. E3 argued that although science
was a clear vehicle for promoting literacy and numeracy, the
had
done little to encourage this. E6 felt that literacy and
government
numeracy skills were a prerequisitefor science learning and thus
science could not expect to have as much time devoted to it as the
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other core subjects. Neverthelesshe was of the opinion that it
provided access to other subjects and to underlying culture.

Within the science NC policy text E2 thought there was a tension
between primary and secondary science as often the latter did not

acknowledgethe groundworkof primary school teachers. He thought
this resulted in problems with progressionwhen topics were revisited
and perceived by pupils to be a repetition of primary school work. E4
argued that in the current PSNC (DfEE1999)it was not clear both in
terms of skill or concepts what the next step in learning should be.
She felt subsequent revisions had actually resulted in less progression
as various elements had been removed. In the original PSNC
(DES1989b)she said the science NCSWP found it hard to get away
from the traditional Physics, Chemistry and Biology probably because
people were comfortablewith this. E4 was of the opinion that
progression in skills was easier, whereas progression in concepts was
quite different attempting to move from small ideas to a big idea, which
was more encompassing and more applicable. E4 felt that the
underlying problem was that the PSNC (DfEE1999)was not presented
in terms of 'big ideas', and the introduction of level descriptors,
although looked more manageable,made it more difficult to see
progression.
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E5 stated that the current version of the NC policy text still tended to

be very subject orientated and did not capitalise on cross-curricular
links. E6 felt that in the current version of the PSNC (DfEE1999)the
definition of a fair test still reflectedthat of physical science and that
the notion of 'model building'was missing. This he felt was a very
powerful tool in terms of building conceptual understanding, yet the

PSNC (DfEE1999)seemed to ignore it. Although he thought that
progression was broadly in the right direction, content was probably

too heavy.

4.4.2.2 Pedagogy
El said that within the FoundationCurriculum policy text, 'knowledge
for
the
children to
good
world'was
a
way
and understandingof
explore. He said that this could lay foundations for quite complex
concepts later on. He felt that primary science pedagogy was a
in
the
this
although
acknowledged
problems
process of enquiry
posed
classroom in terms of ensuring individual progress.

E6 stated that science was more about the way that it was taught, not
about the curriculum itself. He argued that the PSSW (1998) had been
based on the SPACE research (1986-1990), but that the writers of the
PSSW (1998) had missed the point in that children's ideas were seen
as important in order to show what they thought rather than as SPACE
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had intended to show where they were in terms of their conceptual
understanding. E2 thought that the PSSW (1998) had become a 'tablet

of stone' and that it probablydrew upon the 'misconceptions' literature
and investigationsin primary science by people like E5 and
Goldsworthy.

4.4.2.3 Assess ment/accou ntabil ity
El suggested that the national tests might place more emphasis on
some aspects of the science curriculum, whilst E2 thought it was really

focused
had
that
testing
on the science content, resulting
unfortunate
in many Y6 classes revising early for the tests. E4 stated that changes
to the NC made by governmentand the advent of the national tests
had placed greater emphasis on science content.

E4 argued that the original intention with the first SATs (1992) was to
ensure that the curriculum led the assessment and reflected good
practice in the classroom, but there had been a compromise,which
lost
that
became
scientific
altogether
meant
enquiry,
unfortunately
which was now an enormous concern for primary science. E3 did not
feel science enquiry could be assessed by written tests but only by a
series of real-life problem-solvingsituations. He felt the early version
of SATs although more logical were impracticable. He highlightedthe
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tension between testing to compare children and diagnostic testing to
find out what they could do.

El felt that the Assessing Progress in Science (QCA 2003) units
provided a good framework based on findings from Centre for
Research in Primary Science and Technology (CRIPSAT). However,

E4 said that these units illustratedthat there was a contradiction
between the government's understanding of what was 'AfL' and what
the Assessment Reform Group meant. E4 stated that you would not
get Af L whilst testing continued.

4.4.2.4 Teacher development and subject knowledge
El felt ITE standardswere far too detailed and that such prescription
had been driven by accountability. Ell was not convinced by the view
that primary science teachers were poorer teachers because they did
not have a science background.However, E2 felt it was necessary to
have some subject knowledgethrough prior qualification, ITE and
CPD. He felt the twenty-day courses in the 1980s had been
successful in that sense. E2 felt teachers became more restrictive in
their pedagogy, if they had to teach science without subject
knowledge.
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El thought that the PSSW (1998) had been a useful bridge between
policies and set out a frameworkfor teachers at all levels, illustrating
how it was possible to cover the science curriculum content in a set
for
fluid
it
in
its
He
that
time.
was
enough
structure
argued
of
amount
schools to use it as a basis to plan lessons in relation to their own
contexts, it was also a useful way for QCA to influence things, as their

reviews had shown that almost 100% of schools made use of it, either
in its entirety or modified in some way. He felt that the use of an
Iexpectation range' enabled greater flexibility in assessment, as pupils

would vary in terms of their ability in different units of work, depending
on their experiences.

E2 strongly indicated his dislike for the PSSW (1998), arguing that if
you were going to show respect and trust for teachers then you should
allow them to develop their own scheme of work based on the broad
framework of the PSNC (DfEE1999).He felt there was no rationale to
suggest that the PSSW (1998) was the best way of approaching
primary science and money could be better spent on improving the
CPD.
ITE
and
of
quality

On the one hand, E4 felt PSSW (1998) provided a good example of
whole school planning for science, yet she was skeptical of the quality
of science if teachers took it as a prescription as it could lead to dull

science teaching with no real ownership,understandingor possible
interest by the teacher. She argued it was more effective for teachers
to start from their own thinking rather than adopt someone else's. E4
felt that the main aim was to give schools more support in translating
the science curriculum.

E5 stated that the PSSW (1998) had a clear government agenda that
was on the progression and integration of scientific enquiry. It been
developed in order to give teachers more time to concentrate on the

NNLS in order to help the governmentmeet targets, this way teachers
would not have to worry about planning and progression in science.
E5 felt now that there was not a need for the PSSW (1998) and that in
many ways it was dull and uninspiring;E5 stated that those who wrote
the PSSW (1998) came from a variety of different backgrounds.Some
had limited views of science and were not so recent in the classroom.
She felt that a different group of people would have produced a very
different scheme of work.

E6 said that the whole rationale for the development of the PSSW
(1998) stemmed from the subject knowledge debate which suggested
that because primary teachers had poor subject knowledge, a scheme
of work could provide the support in terms of progression structure and
planning. He felt that the unintended consequence was that schools
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had accepted it as the normal practice,which resulted in science
becoming uniform and boring and restricting thinking.

4.4.3 Context of policy practice
4.4.3.1 Curriculum
All elites thought that prior to the NC science had been largely process

based and centred on nature studies.Whilst most felt this to be quite a
narrow focus, E6 thought it was open ended with an emphasis on

children doing in the practical sense. After the introduction of the
PSNC (1989b), he felt science became closed in with assessment
becoming important.

E5 thought that now schools realised that science had to be taught,
and all children had access to science and on the whole it tended to be
more practical. E2 stated that the definition of primary science had
been broadened, although he felt that the PSNC (DfEE1999) had
somewhat obscured this. E2 argued his research showed that
teachers tended to spend on average one hour a week on science. He
felt this could not provide enough time to engage in scientific or
meaningful investigation.However,whilst E4 agreed that confining
science to the afternoon was not a good thing, she did not think that
having equal time with literacy and numeracy was necessary.
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E2 felt that if there was to be any meaningful discussion about the

future of primary science it neededto be freed from the assessment
debate. However, he thought this would be a difficult within the current
governmentagenda on standards and improvement. For E6 the main
success was that all schools were doing science in some form and that
there was a lot of good practice.

4.4.3.2 Pedagogy
Within the context of practice, E2 stated that there seemed to be an

association between the poor quality of the tests and poor pedagogy,
with the emphasis being on rote and recall. However he did feel that a
child being educated today did perhaps have a wider range of
the
E2
that
twenty-five
than
within
years
ago.
argued
experiences
context of practice it was important for young children to have the
experiencesand opportunitiesto investigate and explore and not just
to get them to a certain national 'level'. El felt that assessing children
in
five
the way of a need to work on the natural way of
was
getting
at
learning about the world. E4 was concerned that process skills were
being taught through direct instruction,and as a result children did not
enjoy science anymore.

Although science had got some teachers thinking about the way they
taught, E6 felt that this had been lost to some extent due to the
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pressure of SATs. However he felt that the Primary Teaching Awards
were evidence that there was still some good teaching in schools. E6

felt that the challengewas to recognisethe impact teaching had on
learning and thus to realise the importanceof Afl- in order to improve
teaching interactions which result in effective learning. Within science,
E6 stated that this meant getting a better balance between the

teaching of skills and knowledgeas neither could be taught effectively

in isolation.

4.4.3.3 Assessment/accountability

E3 felt that teachers viewed the PSSW (1998) as an 'official'
translation of PSNC (DES1995and 1999) and this had been fuelled by
Ofsted who encouragedschools to feel that they were unlikely to be
criticised in inspectionsif they adopted it. E3 stated that the
inspectorial overtones had meant that teachers probably felt obliged to
teach science, although thought they were now more confident
teaching and assessing science than before.

El argued that teachers were now not so worried by changes in the
science curriculum but by other things such as assessment,whole
school issues and management.However, he did feel that the
prominenceof the tests had prevented scientific enquiry developing
in
properly primary schools, possibly because of the link with testing
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the
El
the
league
that
tables.
the
practice
within
context of
stated
and
he
that
helpful
that
not
and
was
concerned
was
policy
assessment

schools start preparingfor the KS2 tests very early in the year.

E2 thought there was a conflict between what people's aspirations
it
had
be
in
terms
for
turned
to
out
of
and
what
primary science
were

the tests. He argued that national assessment had made people teach
to the tests and that research, currently being funded by The Wellcome
Trust showed that a lot of emphasis in science was on revising for

tests particularly in Y6. Although there had been a move for current
test papers to have a greater emphasis on data handling and fair
testing, E2 suggestedthat it was still possible to prepare for these
kinds of questions and ultimatelywould not lead to a change in
be
form
better
E2
that
thought
would
a
of
a
assessment
practice.
ideal
based
TA
the
scenario would
on
although
portfolio of evidence,
be to get rid of testing, particularlyas the evidence seemed to show
that even younger children were being turned off science. E3 stated
that there did not seem to be the same pressure in KS1 but he
E3
felt
Y6.
driven
this could
felt
in
was
assessment
science
certainly
be avoided if the current testing was replaced with TA and diagnostic
tests, not unlike those in 1992.
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E4 thought that testing had also provided tensions in the way test
it
had
the
in
that
curriculum and changed
narrowed
results were used

teaching methods to predominantlydirect teaching. She cited
between
tension
there
that
what
was
a
researchwhich suggested
teachers believe in and what they were forced to do to get children
through the tests, despite this; some teachers were still producing

impact
the
E5
the
that
thought
assessment policy was
of
science.
good
to make teachers less creative and worry about science. As a result
there was an increase in the amount of written work and Y6 had

become a revision year.

E4 thought that the assessmentpolicy had been detrimental to primary
science, whereas Af L would be much more supportive of good science
teaching in terms of tracking pupil progression.Therefore she felt that
the biggest challenge for science was to get all teachers involved in
AfL so this would improve feedback and make teachers look more
closely at pupils'work. E6 stated there was a distinct difference
between teacher and national assessment; the latter had constrained

the development of science in the classroom focusing teachers on
for
tests, whereas the former encouraged teachers
children
preparing
to work with pupils.
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4.4.3.4 Teacher development and subject knowledge

E2 suggested that the predominantlyfemale teaching populationin
primary schools tended to have a negative view particularly towards
physical science and this needed to be addressed. E5 also argued that
historically female teachers were unlikely to have studied science at
school so access to CPD was important. Whilst the science curriculum

for ITE had provided some support for trainee teachers they rarely saw
'exciting' science in schools,which had a 'knock on' effect for their own
development. E5 also felt that experienced staff did not have access

to courses due to limited school funding. Her personal experience had
been that teachers in one LEA received no science CPD for five to
seven years and that generally LEA support for science was far less
than for NNLS. El and E5 stated that the status of science had slipped
as a result of the governmentalpush on NNLS. E4 said that a
teachers' backgroundknowledgewas now better than it had been and
this was certainly true of new teachers, who were also more confident
teaching science.

E6 stated that training requirementsfor science have to be seen in
context of the other subjects and in this sense he felt it was about right.
If ITE was part of professionaldevelopment,then it was important to
ensure that there was a systematic approach to provide further and
for
existing CTs in science, El thought that the
support
ongoing
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Science Leaming Centres might go some way to boost teacher
CTs
to
El
that
more
was
make
challenge
another
said
esteem.

felt
he
the
in
teach
to
judgments
to
science,
what
about
confident make
NC had not really allowed this to happen yet. He stated that the
had
been
then
because
that
seen
as
a
success,
science
was
paradox
the assumption was that it did not need any further support.

4.5 DISCUSSION
The discussion will develop the 'analytical stories' of the elite figures as

they related to the broad themes within the context of influence, policy
text production and practice of primary science.

4.5.1Context of policy influence
4.5.1.1 Curriculum
It would seem that the initial debate about the balance of skills and
content within primary science reflected a range of competing
influences. E3, who had worked for the Inspectorate prior to the
introductionof the PSNC (DES1989)felt although the government had
been alerted to serious concerns about the manageabilityof science in
relation to the other core subjects this was never really acknowledged.
One of the things that isn't known about the developmentof the NC is
that in 1988 a primary sub-group was establishedto look at the
manageabilityof what was being suggested in maths, science and
English it only met about 3 or 4 times, and / was the HMI assessor
...
on that... we never published the report but we issued an internal
document.
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E3 also attributed significant influenceto HMI who he implied, set the
foundation for the steady development of primary science, with El, E2

and E6 expressing similar views. E3's comments would suggest that
HMI and Ofsted had a key role not only in ensuring science was taught
but that all content was covered;
in the early days (1988-1992) Primary HMI
looking for
were
...
...
evidence of the introduction of the National Curriculum with
...
reference to the presence or absence of primary science. Also
annual reports produced by ... HMI would contain summary
observations of how far primary science was or wasn't
developed... it's been less of a focus in Ofsted inspections since
1998 where literacy and numeracy have been the focus... (0).

This might suggest that such stringent monitoring helped to encourage
schools to place a greater emphasis on content knowledge rather than
scientific enquiry.

However, E6 as Chief Executiveto the ASE argued that the science
community and ASE had been key players in the discourse around the
balance of skills and content;
/ think credit has to go to the science education community
...
itself Them coming together and working hard and quietly to
convince policy makers ... The ASE had to have a role in it and
was a catalyst as it brought together the science community
(E6).
E5, as former Chair of ASE felt that whilst the Government;
has its own education agenda and they placed science as a
core subject in the National Curriculum. ASE is a proactive
...
organisation and has lobbied government to raise the profile of
science, reported research to them and promoted primary
science (E5).
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However E4, a member of the original science NCSWP at the time,
influence
the
to
that
were
working
party
not
able
ultimately
suggested
the balance of skills and content in the science curriculum in the way
they had envisaged;
there was a core of content, but we still thought the
...
processes would be an important thing. Once the National
Curriculumgot into the hands of those people from the DFES, it
changed, it became much more elaborate; they filled in gaps
that we had left... (E4).
This might suggest that although the science community and ASE
made significant contributions to the debate about the balance

between content and skills, ultimatelythe government determined the

curriculumcontent.

The findings would indicate that the government agenda continuedto
influence subsequentrevisions of the PSNC although there had been
some reduction in content and the widening of scientific enquiry, which
E6 attributed to having the 'right people in the right place'. E3 and E5
suggestedthat science had recently become side lined, whilst E4
widely attributed this to the government's 'wider market forces agenda'.
However E3 concluded that at about this time the political agenda had
begun to focus specifically on literacy and numeracy;
do think [science] is clearly regarded by the government as
important, but nowhere near as important as it probably once
was... there's been a moral panic about standards of literacy
and numeracy which in my view has been overblown... science
has suffered from that... (E3).
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This would suggest that once the government had secured science
within the curriculum it was not interested in the finer details regarding

the balance of content and skills particularlyas science SATs
remained high. Despite active lobbying by the science community
though ASE and QCA, the current version of the PSNC (DfEE1999)
appeared to have been strongly influenced by the political agenda and

resulted in a science curriculumstill largely dominated by content. E2
seemed unsurprised by this and felt that this was because;
the ASE is toothless. It likes to keep in with the Govemment it
doesn't like to challenge They need a policy person with
...
ideas, to say 'this is good, this is bad'and keeps talking and
working with the academic community (E2).

4.5.1.2 Pedagogy
E3 thought that the initial discourse around primary science prior to the
PSNC (1989b) placed significant importance on the constructivist
philosophy,which along with a substantial body of research cited by
E4 and E5 should have had a significant influence on the development
of primary science.
CLIS and SPACE were important research projects into pupils
understandingin secondary and primary (respectively)
particularly subject knowledge and led to work on a
constructivist approach in schools in this country and a push by
inspectors/ advisers etc (E5)
Whilst this would appear to be the case at the advent of the PSNC
(DES1989b)pedagogic practice based on constructivist philosophy
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seemed to get lost once the governmentfocused more on raising
standards through national tests (U).

4.5.1.3 Assessment/accountability
Although the scientific education research community supported a
constructivist approach to learning science, linked to diagnostic and

formative assessment,the governmentappeared to be far more
interested in summative assessmentin the form of national tests which
enabled a comparison across schools on an annual basis;
Well what [the government]wanted to do of course was to use
the national test results because with that you've got them for
every school. The APU ... was a sample survey so you ... could
[not] use [it] for accountability. They wanted to hold schools
accountable ...it was structured market economy applied to
education which meant they needed a measure and national
testing gave that... (E4).
These competing perspectiveson summative and formative
assessmentwould appear to have influenced the debate around the
development of the science curriculum in terms of the balance of skills
and content and in terms of the approach to teaching. However it
would seem that ultimatelythe government'swish to have greater
accountability resulted in the emphasis being placed on summative
assessmentthrough a policy of national testing, which in turn
influenced both the content and pedagogy in schools.
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4.5.1.4 Teacher development and subject knowledge
It would appear that the initial discourse around primary science

together with the implementationof PSNC (DES1989b) resulted in a
development
based on the assumption
teacher
support
and
network of
that there was a gap betweenwhat primary teachers know and what
they were required to teach in science. There was also a suggestion

that science courses were concernedwith developing pedagogic
practice and emphasisedthe constructiveapproach to teaching
issue
knowledge
felt
became
that
E3,
subject
an
after the
science.
who
introduction of the PSNC (DES1989b) stated;

there was a [national] short course programme that HMI ran for
years and years ...it also resulted in the appointment of advisors
for primary science who in turn ran courses LEAs appointed
...
people with science specialisms to support primary science
(0).
This would suggest that initially there was a significant concern about
the level of primary school teacher expertise particularly in subject
knowledge so much so that a whole infrastructurewas developed to
support the implementationof the PSNC (DES1989b, 1991b and
1995). It could be argued that initially such support was also driven by
the government's wish to ensure compliance to teaching science.

More recently however it would appear that there has been a shift in
the discourse and debate around the importance of subject knowledge
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for teaching primary science and as such the need for teacher support
has
declined.
El
development
stated;
and

They're happy for primary
Governmentare not interested.
...
science to just potter along, it's not causing any problems, and
they don't have the same expectationsof it / guess (El).
E5 and E3 implied that one reason why the government was not
interested was because the focus on NNLS;

has resulted in enormousredistribution of resources and
...
training towards those two subjects at the expense of all the
others...science has suffered from that (E3).
El was not convinced that primary teachers need a good background
in science in order to teach it well. Although he went on to say;
if you lack confidencein the subject you are supposed to be
teaching it is probably quite difficult to remind yourself that
what really matters is how you get on with the kids and how they
are learning rather than how much subject knowledge you know
(EI).

4.5.2 Context of policy text production
4.5.2.1 Curriculum

Although E3 felt that the PSNC (DfEE1999)text ensured science was
he
taught,
was of the opinion that the production of this
consistently
had
done
little
in
text
to
the
tension
resolve
policy
process/product
Despite
the strength of the educational debate about
science.
primary
the balance of skills and content it would appear that primary science
defined
in
largely
'conceptual' terms. Furthermore, E6 argued that
was
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teachers were not clear about the distinction between primary and
secondary science resulting in a repetition of content rather than any

in
development
E2
had a similar
understanding.
or
progression
real
view and thought that secondaryteachers continued to place little
value on pupils' experiences of primary science. E4 was concerned
that despite each modification of the PSNC (DES1 991 b and 1995), the

current version seemed less clear about progression in both skills and
content. Despite a few relatively minor modifications resulting in
slimming down content knowledge it would appear that the current
PSNC (DfEE1999) was still concept driven.

Linked to the content debate was the notion of how much time should
be spent on science. E2 an active researcher in science education,
was particularlyconcernedabout the lack of guidance, around this
issue as it had significant implicationsfor curriculum delivery;
[Our] study showed that teachers were only spending an hour a
week [on science]... and also [science] gets relegated to the
afternoon when kids are less engaged, are less attentive and
have less energy what does anyone do in an hour? (E2).
...
E3's comments suggested that right from the advent of the PSNC
(DES1989b) no one had really considered how much time was needed
to deliver science and because 'enthusiasts' designed the science
curriculum; little thought had been given as to how primary teachers
might actually manage this in relation to the other subjects.
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The elites seem to suggest that coverage in terms of time available
and depth of knowledge were partially addressed through the

However
PSSW
(1998).
E5, who was Chair of ASE
the
of
publication
at the time of its publication,also thought that the real reason for the
PSSW was so that;
teachers could focus on literacy and numeracy
so
schools
...
...
did not have to spend additional time on science
the
...
government at that time had targets to meet in literacy and
numeracy... This was seen as a way that would help teachers
to meet their targets and therefore government ones (0).
Again this would suggest the government's standards agenda

influencedthe guidance materials,with little interest in their quality as
long as they enabled teachers to feel secure enough teaching science
as well as focus on NNLS, for example E6 thought that;
those that produced it were drawing largely on the
understandingwe had of SPACE research, but totally missed
the point... (H).
Whilst E2 voiced even stronger concerns about the credibility of the
guidance material;
You don't give out stupid 'recipe'[QCA] schemes of work which
are highly flawed any way, highly questionable, drawn up by
people whom, / would argue, are not terribly we// informed about
the work they were doing (E2).
...
However there was general agreement and concern amongst the elites
that although PSSW (1998) had been portrayed as one example of
how to plan science, it now had acquired considerable status within the
context of practice, 'When you now think about the wide spread use of
it, it's a very important document really isn't it? (E4). E3 suggestedthat
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teachers viewed it as the 'official translation of the programmesof
study' rather than guidance material.

4.5.2.2 Pedagogy
Unlike the content of PSNC (DfEE1999),evidence from the elites
would suggest that there has been little official guidance on pedagogy,
which as a result had led to the adoption of 'formulaic versions' of
scientific enquiry and a narrow interpretationof investigations.Findings
from elite interviews indicate that quality of guidance within the PSSW

(1998) was inconsistent and ambiguousin the way it suggested
activities should be organised (E6) and as a result had not helped
teachers develop a constructivistpedagogy. Whilst El felt that
'Assessing Progress in Science' (2003) had attempted to address
some of the underlying issues relating to pedagogy. Other elites
thought that there was a need for teachers to understand why it was
important to elicit children's initial ideas before they became
entrenched, as well as a need to understandthe way pedagogy
underpinnedthe development of scientific knowledge and enquiry, for
example E6 argued;
Whilst the curriculum is important, its not really about the
curriculum going on, its what / do with it, how / teach it that
matters (E6).
Furthermore,E2 argued for a stronger link between pedagogy and
enquiry;
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what matters is the experiencesand the opportunities to
investigate and to explore, to start a verbal understanding
(E2).
However,the significanceof the relationshipbetween teaching,
learning and the curriculum content (evidenced by research) appears
to have been lost with the publicationof PSNC (DfEE1999) and, as a
result, E2 thought that the government focus on accountability and the

Standards agenda had meant that pedagogic practice became strongly
aligned with testing.

E4 felt that teachers were aware of the pedagogic principles of
teaching science, although E2 and E6 thought that the policy text and
current focus on testing might have prevented teachers from putting
these into practice.
The constructivistphilosophy which / think has taken over now. /
mean almost every teacher knows [that] they should at least find
out what children's ideas are... (E4).
In fact E4 went on to argue that teachers admitted they taught in a
direct way as this helped them get through the tests. Thus, it would
appear that despite the strong body of constructivist research,

subsequentguidanceon pedagogyhas beenminimalcomparedto the
detailed prescriptions on science content.
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4.5.2.3 Assessment/accountability
The elites felt that testing had also contributedto the over emphasis on
content knowledge so much so that E4 thought that science
investigationshad become virtually lost. Nevertheless E5 thought that
the current version of PSNC (1989) and more recently SATs had
placed a greater emphasis on scientific enquiry;

AKSIS was a large ASE Kings College research project into
data handling They also fed back to Ofsted and QCA. As a
...
include
SAT
QCA
have
the
to
more
questions
changed
result
scientific enquiry questions,in particular, data handling in an
attempt to raise the profile of this with teachers and change their
approaches to teaching this aspect and both primary and
secondary (0).
However, E3 questionedwhether scientific investigationscould
realisticallybe assessed by pencil and paper tests and E2 doubted that
it
focus
to
more on scientific enquiry would
even with recent attempts
still not change practice;
Ijust had the recent lot [of tests], they tend to be very much
datal graph type of questions because again those are easily
...
[assessed]. They tend to be questions about will this be a fair
test? Again there is a sense that actually / can prepare you for
any kind of test ...even if you change the nature of the
questions; people arejust going to practice... (E2).
Thus it would appear that there was a difference of opinion reflecting a
deeper debate about the extent tests could assess understandingand
application of knowledge as well as recall. Thus if scientific enquiry
could be tested in this way it raises the question about the need for
practical assessment and even AfL.
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However El was confident that the QCA's recent assessment
guidance and exemplification materials would help address this issue

of assessmentof scientific enquiry as well as bridge the gap between
the government'sdemand for summativeassessment through national
testing and the educationalwish for a greater emphasis on AfL. In fact
he stated;

/ think it is quite a good combinationof fairly obvious activities
that you are likely to do anyway and good pedagogic things, like
asking the right kind of question,probing what they might have
learned. / would be happy to hang [primary science] pedagogy
on the process of enquiry... (EI).
Whilst E4 held similar concerns to El about the problem of teaching to
the tests, and the importanceof engaging teachers with AfL, she did
not share the same view that these guidance materials were an
appropriateway of doing this;
those QCA things called Assessment in Progress it was put
...
...
as ...AfL, but Ijust don't think it is! They have levels all the way
down, I mean their idea is to see what level the child works at,
that's summative not formative in any case the way they've put
...
in those extra statements so it means that children do
...
something in relation to plants and the next step is to do it in
relation to animals, who says? It's a matter of what they've been
exposed to ... they've got the wrong kind of progression (E4).
...
Despite differences of opinion, it would seem that elites agreed that
Afl- should be a central part of assessmentyet at the same time
viewed the political agenda around national assessment and testing as
a dominant and a somewhat restrictive influence on the development
of the PSNC. For example, from E2's perspective it would seem that
the government's unrelenting national testing regime had determined
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and distorted the nature of primary science, reduced the science
curriculum to little more than content knowledge,which as a result had
distorted the way science was taught.

4.5.2.4 Teacher development and subject knowledge
In light of PSNC (DfEE1999) and its emphasis on subject knowledge,

elites differed in their views regardingthe debate around teacher
development and the extent of subject knowledge required for teaching
science. El felt the ITE standards that had been developed to address

the subject knowledge issues in training were far too prescriptive and
he was of the opinion that;
the way the NC has been written implies you need to know a
lot what really matters is how You get on with the kids rather
... how
than
much subject knowledgeyou know (EI).
Whereas E2 argued;
but if you are going to ask them to teach it then its important that
they have subject knowledge, either you insist that they have it
as a prior qualification, do it on the pre-service training or do it
on thejob through in-service training actually / think you have
...
to do all three... (E2).
Although the PSSW (1998) seemed to be a way of enabling teachers

to focuson NNLS(El), it also seemedto addressmanyof the issues
previously raised, namely planning, progression, and integration of
scientific enquiry. In fact E6 suggested;

the problemswe got into was this. Primaryteachers
one
of
...
don'tknowmuchscience.Theyneedhelp teachingNational
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Curriculum, thereforeprovide them with a scheme of work to
help them (E6).
...
Thus it could be argued that if teacher subject knowledge was now not

such a priority as E5 would suggest, then the PSSW (1998) might be
one way of ongoing support for teachers without an expensive and
labour intensive infrastructure of CPD, particularly when funds were

being diverted to NNLS (E3, El). In addition, there did not seem to be
the same concern as to whether teachers have the appropriate
pedagogic content knowledge in order to deliver the science

curriculum.

Whilst E2, thought the PSSW (1998) was an unacceptableway to
provide teacher support in delivering the science curriculum;
the scheme of work is a profound indication of the lack of trust
...
in the professional capacity of the people you have trained...
(E2).

El who previously stated 'we can now do things most powerfully at the
level of QCA'would perhaps disagree. Nevertheless E6 felt there
should be stronger links between ITE and CPD, although the dubious
origins and questionable nature of the PSSW (1998) might raise
concerns about the nature of CPD support.
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4.5.3 Context of policy practice
4.5.3.1 Curriculum

E3 thought that whilst there were more opportunities to engage in
science, there was still too much content to cover. E2 doubted whether
attempts to broaden the notion of scientific enquiry had really worked
in practice, and hence it would appear that schools focused largely on

subject knowledge rather than scientific enquiry. He thought this was
mostly because national tests had distorted practice in primary science
and it would be impossible to redress the pedagogic and educational

issues whilst this was the case. For this reason he was strongly in
favour of returning to a greater emphasis on practical enquiry;
it needs to go back to a much more common process
orientation... because a) / think the teachers would be much
more happier about that and if the teachers are happier then it
would be taught in a more interesting way and b) the kids would
be much more exposed to science as a process of investigating
and asking questions about the material world (E2).
E6 felt that there was still a need to address issues relating to the
balance of content and skills;
in science the debate about content and process, this needs to
have better balance you can't teach knowledge in isolation,
equally you can't teach skills on their own... (E6).
Although El also thought that testing would prevent a further reduction
of content, there was now a need to move on from the skills versus
content debate and work at the level of QCA.

We can do thingsmostpowerfullyat the /eve/of QCAwith
...
thoseschemesof work and the exemplificationsas well... (EI).
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E3 had a different view, althoughconcerned about the amount of
content he felt the risk would be greater if science was not tested.

Both El and E3 implied a more cross curriculular approach should be
adopted suggestingthat science process skills could be taught through
other subjects. In fact E3 argued;
Science is obviously a clear vehicle for promoting literacy or
numeracy but / don't think enough has been done about that
(0).

It could be argued that views expressed by E2, El and E3 reflect some
of the cross curricular aspects of the PNS (QCA2003) on the other
hand it could be that their views reflected primary science prior to the

PSNC (1999) which was possibly more thematically based, and
provided more scope for teachers to focus more on scientific enquiry.

4.5.3.2 Pedagogy
The findings indicated that all elites thought that pedagogy had been
adversely affected by the government'semphasis on national testing.
For example, E2 stated;
because of the poor quality of the tests it leads to an
...
associated poor quality of pedagogy on which the very
emphasis is on rote and recall... (E2).
Thus regardless of whether teachers are aware of good pedagogic
practice, they were not in a position to make much use of it in the
current climate of testing;
teachers are teaching through direct instruction, even process
skills they are doing in this way. Children are not enjoying
...
135

science anymore and so it really is disastrous... teachers were
saying 'we teach like this because this is the way to get them
through the tests (E4).
...
Thus it would appear that elites seemed somewhat concernedthat
testing had high-jackedteaching to such an extent that;
the impact of SATs determines the content of science and what
happens in the classroom (E6).

Furthermore E4 claimed that;
children don't actually understandwhat they are doing but they
actually pass the test (E4).
The findings from the elites would suggest that whether or not teachers
were aware of constructivistpedagogyit would seem they were
compromisingthis in order to prepare pupils for the tests. In fact
because the emphasis had been on curriculum content and summative
assessment,rather than on the quality of the teaching and learning
experience, constructivist pedagogy appears to have been replaced by
far more direct methods of teaching.

4.5.3.3 Assessment/accountability
E4 was of the opinion that initially the aim of assessment had been to
support learning
/ was working to develop some of the very first versions [of
...
the tests]... what we wanted to do was to emulate good practice
let the curriculum lead the assessment rather than the other
...
way round (E4).
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This view was also expressed by (H), whilst other views from the
elites would suggest that testing was the dominant form of assessment

and it would appear that the initial APU influence on assessmentalong
with the strong argumentsfor Afl- have had little impact on the science
curriculum and pedagogy despite E4's view that;
that using AfL actually does improve
research
shows
...
standards ... understanding ...enjoyment (E4).

E4 thought that teachers relied on 'teaching to the test' not just
because they lacked the time, confidence or expertise to focus on Afl-

butbecause;
the trouble is with the tests that [teaching through direct
instruction] can work at least for a little while [but] you do get
...
...
this tapering off as you can only increase [scores] by so much...
(E4).
The evidence from the elite interviews,might then suggest that the
publicationof SATs test papers (which up until recently have focused
on content) have provided an alternative version of the PSNC
(DfEE1999) and in may ways appear to have formed the basis for
much teacher planning, alongside the science scheme of work
particularly in Y6. In fact E6 stated that'what is taught is dependent on
the assessment regime'and El and E2 felt this was evidenced by the

fact that revisionfor tests startedvery early in the year. Suchconcerns
were also voiced by other elites at various points throughout the
interviews. Furthermore, E2, who annually reviewed the tests stated;
well people look at the tests and say what do they need to
know in order to succeed? Then they teach to the test (E2).
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This would suggest that it was assessmentdriving the curriculum with
the content of the test papers defining what should be taught rather
than the PSNC (1999), a view also expressed by all elites. In fact it
would seem that testing was placing significant restrictions on any
future development of the primary science curriculum, particularly in
terms of improving the quality of teaching and learning. E4 argued;
they will not accept that you will not get [AfL] whilst you still
...
have the testing going on (E4).
...
E2 suggested a major challenge was to free the science curriculum

from the tests but he felt that politicianswould be very reluctant for this
to happen. However, El thought the way forward was to use the
guidance materials to work within the constraints of the tests.
Neverthelessall elites agreed that there was certainly a need to
develop Afl- in order to get teachers to focus more on learning.

4.5.3.4 Teacher development and subject knowledge
Evidence from the elites suggestedthat current support for CPD was in
some cases non-existentcontrasting sharply with the support after the
implementationof the PSNC (DES1989b);

a lot of energywentintoprimaryCPDin science we'veseen
...
that tail awayand the intrastructure'sgoneso / thinkscience
has sufferedquite a lot in the last five to ten years as a resultof
that (El).
E5 expressed similar concerns and felt this was largely due to the
government's focus on NNLS;
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in
longer
there
that
teachers
people
are no
will complain
many
the LEA to support science, whereas there are advisers for
literacy and numeracy (E5).
It could be argued that the governmentconcerns about teacher subject
knowledgewere no longer sufficient to warrant a comprehensive
had
CPD
the
policy
context
changing
and
programme of science
NNLS
(U).
to
in
the
of
resources
redirection
resulted

However evidence from E2 and E5 implied there was still a need for
CPD in science, not only because SCs needed it, but because the

less
in
female
large
were
schools
primary
population
predominantly
likely to have a science background.Thus many existing teachers
be
(which
ITE
draw
their
several
might
experience
upon
could only
been
in
have
E5's
compromised;
may
opinion
years ago) and which
less
boxes
teachers
ticking
seeing
and
are
still
student
many
...
than exciting science in the classroom, as a model this has
consequencesfor their own development... (E5).
Furthermore,whilst the PSSW (1998) might have given guidance on
how to translate programmes of study into learning experiences,the
relationship between concept development and scientific enquiry was

neglectedor at best underdeveloped
possiblycontributingto the
reasonswhy teacherswere not largelyadoptingconstructivist
approachesto teaching and learning. It would appear that whatever
purpose the PSSW (1998) served, it was a poor substitute for science
CPD;
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is
[science
that
this
the
scheme of work] a
where are
arguments
good way of approachingscience, there's no rationale in it
whatsoever.Nobody can actually see the research or the
experienceit's based on its not open to question it's a
profoundly anti democraticpiece of material (E2).
E5 provided further evidence that CPD had diminished whilst E2
argued there was a need for consistent support before, during and
after ITE otherwise he felt that weak science knowledge undermined

confidence and restricted pedagogy.However, E4 thought that
teachers' background knowledge had improved whilst El speculated
that;

Science Learning Centres are hopefully going to be very
important so that primary teachers get a sense of provision
there (EI).
UnfortunatelyEl and E3 felt the governmentwould not view science
CPD as a priority as long as pupils performed well in science SATs.
Thus it would appear that whilst some elites thought primary science a
success, E2s view regarding the complacencyof the science
communitywas also appropriate;
there needs to be a debate... 'Is primary science a good
thing?'... It's been in place now for sixteen years or so.
All
...
the evidence I see suggests that actually it is questionable and
wouldn't it be much better if we looked at it harder and asked
what's good about [primary science], what's bad about it and I
think that's the trouble, people don't look at it very hard... (E2).
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4.6 CONCLUSION
The discussion has traced the broadly related themes emerging from

the elite interviews and analysed how they have influenced the
developmentof primary science within all three contexts. For example,
the balance between skills and content within the curriculum, the
questionable pedagogy driven by the assessment agenda and shifting

debate around the importanceof teacher subject knowledge have
further
have
to
given
which
rise
exposed conflicting perspectives

tensions.

Whilst the purpose of this chapter has been to provide an analysis of
key influences and debates, that have helped to shape and define
primary science, the views of the elites reflect their own personal
understandingand interpretationsof the policy to practice context. It
cannot be not known the extent to which their views represent past or
current reality at grass roots level, however there is an indication of an
ongoing debate about the balance of knowledge and skills that has
continued to affect the developmentof the primary science curriculum
which has become increasingly influenced by national testing since
1995.

The elite interviews suggest that the promotion of a 'constructivist
pedagogy' to support and develop learning has never been part of the
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government's policy in relation to primary science. Instead the
prescribed PSNC (1999) and a preoccupationwith national testing at
KS2 has led teachers to adopt a pedagogy that maximises
achievementin the tests, largely defined by the government's market
forces and standards agenda, framed by national assessment and
testing procedures. In this sense pedagogic practice would appear to

be driven by the national, measurableoutcomes rather than by a
developmentof scientific learning based on individual needs. Thus it
might seem that despite the considerable amount of research

investigatingchildren's learning in science, little debate at policy level
has ever been concerned about the quality of teaching and learning of
science, but rather has focused upon the most effective ways to
measure performancein primary science through national tests and
make schools accountable.

This chapter has addressedthe first two research questions through
elite interviews to suggest that the current conceptions of primary
science curriculum have been much more defined by political policy
rather than educational discourse. Influences, although wide ranging,
became largely politicised interpretationsof current discourse. The four
broad themes spanning the three contexts in this chapter will provide a
framework for analysing the regional survey and case studies
presented in the following chapters.
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CHAPTER FIVE: THE REGIONAL SURVEY

5.1 INTRODUCTION
The previous chapter used qualitative data to provide an overview of

the policy to practice context drawing upon individual perspectives
from elite figures in education. In order to gain a wider understanding
of primary science within the context of practice, a regional survey was
conducted.

5.2 AIMS
This chapter aims to report the findings from the survey, which
addressedthe third research question: how primary science policy text
was interpreted, reconstructedand implementedwithin the context of
practice. Although the intention was to capture practice across a wide
range of schools in order to identify similarities, differences, tensions
and conflicts, it was acknowledgedthat the survey would only provide
a 'snapshot' of practice at one point in time. Neverthelessthe 'broad
sweep' provided a useful overview of opinions, experiences and
practice in 2001.
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5.3 METHODS

5.3.1 Participants
A semi-structuredquestionnairewas used to collect data on primary
science across two LEAs, sampling urban, rural and mixed regions and
representing diversity in type, size and organisation of schools. The

schools were selected in the manner reported in the methodology
chapter and included primary, first and middle schools. Questionnaires
were addressed to SCs as it was assumed that they would have

'expert' and 'recent' knowledgeof the requirementsof the PSNC
(1999) and how this was translated into practice within their school
context. They were also likely to have their own views and rationale
for the way they supportedthe implementationof the PSNC (1999), in
relation to the size and type of school in which they worked. For
example, in a small school the SC might have multiple roles and
responsibilities,whilst in a large school they might hold a single role.

5.3.2 Materials

The final questionnaire contained fourteen mostly closed questions
which were divided into two sections in order to ease analysis
(appendix 5.1). Further details of how the questionnairewas piloted
are reported in the methodologychapter.
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5.3.3 Procedure

At the beginning of the summer term the questionnaire was sent
together with a covering letter explaining its purpose and overall link to
the wider research context and invited recipients to add their contact
details regarding further participation in the research. In addition,

respondentswere also requestedto return the questionnaires by the
end of the summer term and these were then analysed.

5.3.4 Analysis

By the end of the summer term one hundred and forty four
questionnaires(42%) had been returned.A data trail was kept by first
numberingeach questionnaireand inputting the data from each
question into SPSS 12.0. Further details are reported in the
methodologychapter. Findingswhich related to the broad themes of
curriculum, pedagogy, assessment/accountabilityand teacher
development and subject knowledgeare reported below in the form of
tables and descriptive comments.

5.4 RESULTS
This section first provides a brief description of the profile of the
sample and then findings are presented under the broad themes
previously outlined. Questions, which provided evidence and
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exemplificationfor these themes, form the basis for the tables and
charts that appear. A commentary describing each table in more detail

is given underneath.

5.4.1 Profile of the sample
30% of schools in the survey had less than seven classes, with 56% of

schools having between seven and fourteen classes. Just 14% of
schools had more than fourteen classes. It could be assumed that
many of the smaller schools might have mixed-aged groupings, which

might influence the way science was taught. Additionally SCs, in
smaller schools may hold a number of roles and responsibilities. The
sample also contained 36% of the respondentswho at the time of the
survey, taught KS1 including reception classes, 56% who taught KS2
and 4% who taught in both key stages.

Of the respondents,27% had less than one year's experience as SC
with 44% of the sample having between one to five years co-ordination
experience. It would appear that only 5% of respondents had more
than ten years of experience.Thus 71% of the sample had been a SC
for no more than five years. 30% of the respondents had no additional
responsibilitiesother than SC, whilst 63% had management or other
subject responsibilities. In addition, 8% were HTs. However, 54% of
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the respondents had been teaching for more than ten years, whilst
23% had taught for less than four years.

It would appear that only 32% had studied science at Advanced ('A')
level whereas 48% of the sample had qualifications in arts subjects.
21% of the SCs had a mixture of arts and science qualifications at'A'

level; however, 21% did not answer this question.

5.4.2 Curriculum

The majority of respondents,62%, stated that their school had adopted
the PSSW (1998), whereas 37% said they used some of it and only
two schools stated they used their own science scheme of work.

Table 5.1 Barriers to teaching science
Barrier

Frequency/percentage

Curriculum pressure

114(81%)

Time

91(65%)

Staff confidence

68(49%)

Paper work

54(39%

Class size

43(31%)

Limited of resources

30(21%)

Table 5.1 shows that curriculum pressure was seen as the greatest
barrier to teaching science, followed by lack of time, whilst only 21%
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barrier.
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When comparing responsesbetween those who taught KS1&2,90% in
KS1 felt curriculum pressure a barrier compared to 78% in KS2.

5.4.3 Pedagogy

Table 5.2 presents statementsthat represent different beliefs about
learning science. Whilst statements A, D, E, G, and I broadly reflect a
'constructivist' view of learning, statements B, C, F, H and J represent

a more traditional 'transmissionist'view of learning. Statement D was
the only constructivist statementthat attracted a divided opinion with a
total of 43% in agreementand a total of 58% disagreeing. Whilst other
constructiviststatements reflected agreement, statements B and C
reflected a broadly transmissionistconception of science yet were both

supported.However,statementH also representinga traditionalview
of learning science was mostly rejected with a total of 99% in

disagreement perhaps reflecting the strength of opinion about the
place of practical work in primary science. On the other hand,
statement J showed broad agreement but with a total of 37%

disagreeing,whilst statementF was supportedby only a total of 28%
with 72% respondents disagreeingthat misconceptionswere a result
is
being taught. Thus it would appear that
what
understanding
not
of
both
'constructivist' and 'transmissionist' views
exhibited
respondents
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of learning science with perhaps a greater agreement with

constructiviststatements.
Table 5.2 Learning science
Statement
A

B
C
D

E

F
G

H
I

J

Pupils learn by being
challengedto make links
between scientific concepts
in order to develop
I understanding
Pupils learn by being taught
existing facts and scientific
concepts
Pupils should be encouraged
to use scientific vocabulary
whenever possible
It does not matter if scientific
vocabulary is not used, it is
the understandingthat is
important
Pupils misconceptionsneed
to be recognised,made
I explicit and worked on
Pupils misconceptionsare a
result of failure to grasp what
is being taught
A teacher should let pupils
plan and carry out their own
investigationsand draw their
I own conclusions
Pupils planning and testing
out their own ideas is of little
importance
A teacher's main role is to
help pupils reject, shape and
extend ideas and to justify
why they think the way they
do.
A te cher should plan pupils
practical investigationsto
1prevent aimless activity

Strongly
agree
72
(52%)

Agree
65
(47%)

Disagree Strongly
disagree
2
0
(1%)

18
(14%)

97
71%)

20
(15%)

0

88
(62%)

52
(37%)

1
(1%)

0

66
(49%)

12
(9%)

1
(1%)

0

8
(6%)

50
(37%)

70
(50%)

70
(50%)

I

I
5
(4%)

33
(24%)

88
(63%)

13
(9%)

41
(29%)

83
(59%)

16
(11%)

2
(1%)

0

2
(1%)

49
(36%)

87
(63%)

29
(22%)

78
(58%)

28
(21%)

0

20
(15%)

65
(48%)

44
(33%)

6
(4%)

I

I
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Table 5.3 Classroom organisation
Method
Whole class doing the
same practicaltask
Whole class doing related
practicaltasks
Circus of related activities
One group at a time doing
science
Teacher demonstration

Ranked
1
67
(50%)
57
(44%)
13
(11%)
8
(7%)
6
1(5%)

Ranked
2
35
(26%)
53
(41%)
19
(16%)
6
(5%)
14

Ranked
3
18
(14%)
17
(13%)
30
(26%)
14
(12%)
50
(40%)

Ranked Ranked
4
5
8
5
(6%)
(4%)
4
0
(3%)
36
19
(31%)
(16%)
27
57
(24%)
(51%)
32
24
ý(1
(25%)
9%)

Table 5.3 illustrates how respondentsranked methods of classroom
organisation.50% and 44% of respondentsranked whole class
teaching methods as the predominantway of organising science. 11%
ranked using a circus of related activities as their preferred method of
classroom organisation. However 7% stated that they organised their
class so that one group at a time did science and only 5% ranked
teacher demonstrationas their first method of organising the class for
science. Respondentsthat taught KS1 made greater use of circus
related activities (24% ranked it first), compared with KS2 where 3%
ranked it first.

Table 5.4 illustrates how frequently science activities, which were
perceived to result in either open-ended or closed outcomes, were
It
used. would appear that 'discussion' and 'reporting back to the
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class'was the predominantscience activity with 94% of respondents
frequently.
89% claimed they used 'classifying
they
this
used
claiming
or sorting activities' in science, whilst 84% said they had used 'labelling
diagrams'. 80% frequently got pupils to 'draw what they mean.
Table 5.4 Pupil tasks
Task
Using discussion, reporting back to the class
Classifying and grouping activities
Labeling diagrams
Children to draw what they mean or understand
Children writing up the whole science investigation
Carrying out surveys to gather data
Copying from board or work sheets
Concept mapping to find out children's ideas
Completing past SATs papers, mini tests
Children using spreadsheets and/or databases

Frequency/
percentage
134
(94%)
126
(89%)
121
(85%)
115
(80%)
97
(68%)
89
(62%)
84
(59%)
78
(55%)
76
(53%)
53
(37%)

Just over half of the sample (54%) used 'concept maps' as an activity
in the last term, yet 53% of respondentsclaimed to 'practice SATs
papers' or use 'mini tests'. 59% said they had used 'work sheets' and
board work as an activity during the last term, whilst 68% of the sample
of SCs said they got pupils to $writeup'whole investigations.The
majority (62%) claimed they had made use of 'surveys to gather data'
in science, however only 37% of the sample said they used
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'spreadsheetsor databases'with their class. Whilst the most frequently
be
to
those that have relatively openappear
activities
would
used

labeling
diagrams
tasks
closed
such
more
as
some
outcomes,
ended
and writing up investigationswere also used. In addition, SATs papers
and mini tests, spreadsheets and databases, full write-ups and
worksheets were used far more by KS2 than KS1

5.4.4 Assessment/accountability

Table 5.5 Purpose of assessment
Strongly
agree
101
Diagnosticpurposes
(70%)
Guide future teaching 87
(60%)
Monitor standards
50
(35%)
31
Compare pupil
(22%)
performancein class
Compare performance 9
(7%)
with other schools_
67
Match teaching
materialsto children's (47%)
I
needs
Purpose

Agree

Disagree

41
(29%)
55
(38%)
87
(61%)
70
(50%)
69
(50%)
63
(44%)

2
(1%)
2
(1%)
5
(4%)
36
(26%)
47
12
(8%)

Strongly
disagree
0
0
0
2
(1%)
13
(9%)
2
(1%)
I

Table 5.5 presents SCs' attitudes towards assessment. It would
appear that the majority thought assessmentshould be diagnostic and
guide future teaching. 35% strongly agreed that it should be used to
monitor standards. However, there was less agreement about
comparing pupils in class and least agreement (57%) about
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5.4.5 Teacher development and subject knowledge
Table 5.6 Professional needs
Professional need

Rank 1

Rank 2

Rank 3

Monitoring assessing science and
setting targets
Developing a wider range of teaching
strategies
Developing leadership and
management skills

74
(55%)
25
(20%)
25
(20%)

40
(30%)
42
(33%)
30
(24%)

15
(11 %)
42
(33%)
33
(26%)

Science subject knowledge

18
(14%)

18
(14%)

33
(26%)

Rank
4
5
(4%)
19
(15%)
38
(30%)
1
60
(47%)

Table 5.6 shows how SCs ranked their own professional needs. It
would appear that 55% of SCs ranked monitoring and assessing
SCs
20%
highest
targets
their
of
priority.
as
science and setting
ranked managementas first amongst their professional needs.
Developmentof leadership and managementskills together with
developing a wider range of teaching skills were ranked as equal in
priority. Only 14% ranked science subject knowledge as their main
professional need and only 4% put this as a low priority. A comparison
between KS1 and KS2 showed that both ranked assessment as their
highest priority whilst 26% of KS1 ranked management skills as a
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priority compared to 16% of KS2. Similarly 23% of KS1 ranked subject
knowledgea priority comparedto 6% of KS2.

Table 5.7 School development needs
Needs

Frequencylpercentage

Developing investigational skills

102
(71%)
86
(60%)
80
(56%)
53
(37%)
44
(31%)
29
(20%)
16
(11%)
13
(9%)

ICT in science
Assessing science
Children recording science
Developing subject knowledge
Science in the Early years
Literacy through science
Numeracy through science

Table 5.7 shows how SCs prioritisedschool development needs. 71%

highest
'developing
investigational
the
SCs
skills'
as
of
perceived
priority for science in their schools. 'Information and Communications
Technology' (ICT) was also viewed as an essential need by 60% of the
respondentsand 56% thought 'assessing science'was a professional
development need.

Only 20% thought 'science in the Early Years' was a school
development issue. However it would appear that whilst 31% of SCs
thought 'developing subject knowledge'was important, it was seen as
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less of a priority than developing'children's recording' in science.
Developing literacy or numeracy through science was seen as the

lowest priority. Perceivedneeds did not differ between KS1U.

Table 5.8 Professional duties
Duties
Create a climate of positive
attitudes to science
Ensure curriculum coverage and
progression for all pupils in
science
Evaluate science teaching in
school and use this to inform
effective practice and areas of
improvement.
Provide guidance on teaching
and learning methods in science
Set expectations, establish
targets and evaluate pupil
progress and achievement in
science
Analyse and interpret national,
local and school data and
inspection evidence
Audit training needs of staff for
science
Ensure effective development of
literacy, numeracy and IT skills
through science

Strongly
agree
116
(83%)
115
(81%)

Agree

Disagree

22
(16%)
27
(19%)

2
(1%)
0

79
(56%)

58
(41%)

4
(3%)

0

1
(1%)
5
(4%)

0

I

Strongly
disagree
0
0

73
(52%)
61
(43%)

67
(48%)
75
(53%)

39
(28%)

80
(57%)

17
(12%)

3
(2%)

36
26%
33
(24%)

12
89
(65%)
-(9%)
19
87
(63%) (14%)

1
0 %)
0

1
(1%)

Table 5.8 illustrates SCs' attitudestowards a selection of professional
duties outlined from the Subject LeadershipStandards (1998), which
identified the importance of both support and monitoring aspects of the
SC's role. 83% of SCs felt that their main professional duty was to

createa climateof positiveattitudesto science.87% stronglyagreed
KS2
in
this
compared with 77% in KS1.81% strongly agreed they
with
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needed to ensure curriculum coverageand progressionfor all pupils,
with 89% in KS2 compared with 69% in KS1 strongly agreeing. 43%

strongly agreed they should establish targets and evaluate pupil
progress as part of their role as SC, with 51% at KS2 comparedwith
28% at KS1. However, 56% strongly agreed they should evaluate
science teaching in school in order to inform practice; in fact only 3%

disagreedwith this. Howeverthere was a greater spread of opinion as
to whether part of their role should be to analyse and interpret national,
local and school data and inspection evidence and only 28% strongly

Only
24%
this.
saw their role as ensuring effective
agreed with
developmentof literacy, numeracyand ICT skills through science,
whilst only 26% strongly agreed they should audit training needs of
staff. Whilst there was general agreementwith all the statements,there
was greater variation of opinion in relation to the last three statements
but no difference between KS1&2.

5.5 DISCUSSION
This section will provide a more in depth discussion of issues relating
to the broad themes of curriculum, pedagogy,
assessment/accountabilityand teacher developmentand subject
knowledge.
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5.5.1 Curriculum
The findings from the questionnairesuggested the take up of the
PSSW (1998) had been considerable, and indicated that central
guidance material might have a significant influence on the way

science was organisedwithin both key stages. Furthermore,the
suggestionthat PSSW (1998) was used as a basis for planning implied
a greater uniformity of science curriculum across each year group. It

would appear that teachers no longer planned directly from the PSNC
(1999) in the way they might have done previously in order to ensure
that they were covering all aspects of the statutory orders. However if
the majority of planning, delivery and assessmentof science was now
based on just the PSSW (1998),then this might suggest a narrow
interpretationof science within the classroom with much uniformity
across schools, reflecting an 'outcome' rather than a process-focused

curriculum.

There was no strong indicationthat science should be taught through
numeracy or literacy or vice versa, in fact, this had been viewed as a
low priority both in terms of school CPD needs and professionalduties
(tables 5.7,5.8). Furthermore,there was an implication that the
pressure to teach other aspects of the curriculum could be a barrier to
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teaching science (table 5.1). Therefore it would appear that science

in
isolation
taught
rather than one
a
separate
subject
as
was viewed
that was integratedwith other curriculum areas. There also seemed to
be a preferencefor learning correct scientific vocabulary where
possible rather than developing a conceptual understanding (table
5.2), which might indicate an emphasis on developing short-term

learning in preparationfor tests rather than developing understanding.

5.5.2 Pedagogy

StatementsA and B (table 5.2) provided evidence that schools
learning.
'transmissionist'
both
'constructivist'
models
of
and
supported

For example, the majority agreed that pupils learned by being taught
for
facts
a
preference
a
suggesting
and scientific concepts,
existing
transmissionistapproach, but also agreed that pupils learned by being
in
to
links
between
to
order
concepts
scientific
challenged make
develop understanding.StatementsC and D (table 5.2), illustrated
similar conflicting views although with less agreement as to whether
learning science vocabularywas more important than developing
deduced
from
be
Although
it
the
understanding.
cannot
scientific
both
here
why
models of learning were supported, and cross
evidence
tabs indicated no difference between key stages, it may be that
teachers did not have clear understandingof the differences between
the statements.Alternatively it could be that although they believed in
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constructivistapproachesto learning,they felt obliged to teach existing
facts and concepts in order to prepare pupils for the end of key stage

tests, thus representinga real conflict between views about 'learning
for understanding'and 'learning for the test'.

The statements G, H, I and J (table 5.2), also reflected contrasting

views in relation to learning through investigationalwork. Whilst all
respondentswere keen for investigationsto take place, there was a
difference in opinion regardingthe teacher's role, with a significant
number agreeing teachers should plan practical investigationsto
prevent aimless activity. Howevera large number also thought it
importantfor pupils to plan their own investigationsand rejected the
idea of pupils testing out ideas as a meaningless activity. Again it
perhaps highlightedconflicts and tensions in relation to beliefs about
learning science and the realities of getting through the curriculum as
well as the problems arising from following prescribed investigative
activities from PSSW (1998) rather than allowing children to develop
their own investigations. As a consequence,it might be suggested that
constraints on time, together with external pressures of accountability
may have resulted in a preferencefor teacher intervention and
imposed structure in order to prevent'aimless activity'.
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The disparity in views about investigationswould appear to highlight
the problems of organisationwithin a whole class-teachingcontext
both in terms of pressure on resourcesas well as whole class
managementissues, possibly avoidable if other classroom
organisation methods were being adopted, however the findings
suggested that alternative methods of organising science, such as

doing
of
activities,
or
one
group
a
circus
science at a time
using
(although the former was more frequent in KS1 classes), were in fact
hardly used (table 5.3). It could be argued that pressure from 'The

Three Wise Men Report' (1992) reinforced by inspection together with
influencesfrom NNLS has marked a shift to whole class teaching
(table 5.7).

It could be argued that the conflictingviews again represent a dilemma
faced by schools in that whilst many might agree with a 'constructivist'
form
learning,
in
to
the
scientific
external
of a
approach
pressures
knowledge-basedcurriculumwhose coverage was measured by pupil
performancein national tests forced teachers to take a more dominant

role in pupil learning,adoptinga moretransmissionistapproachwhich
was possibly perceived to make the best use of limited time available.
Whilst it was not wise to allow complete pupil autonomy and risk the
chance of 'aimless activity,' it was feasible for the teacher to plan
structured practical activity for pupils to experience.
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The findings would suggest that respondentsheld no strong views
in
in
learning
the
teacher
the
the
particularly
process,
about
role of
investigations,
felt
that
to
although
slightly
more
scientific
relation
teachers might structure learning to prevent aimless activity unlike pre
NC where learning was unstructured. Thus it would appear that a lack

of guidance on pedagogy and how children learn science within policy
texts and through CPD has resulted in schools adopting a range of

be
in
to
some
of
which
appear
more
effective
preparing
approaches,
for tests rather than supportingconstructivistapproaches to learning.

The findings suggest that science was taught predominantlythrough
doing
the same or related
teaching
methods
or
with
pupils
class
whole
practical activity (table 5.3). In fact 84% ranked whole-class
(table
5.3).
It
first
their
method
or
second
preferred
as
organisation
could be argued that whole class teaching was more conducive to a
traditional pedagogy and thus may provide further evidence that
despite holding constructivistviews about learning, schools were
organisingthe classes to accommodatemore transmissionist
approaches. Furthermore,if as the findings indicate, whole class
teaching was now the dominant way of delivering the science
curriculum, then it could be argued that this might put a strain on
resourcesfor practical work possibly limiting the amount of pupil
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participationand the kinds of activities that could be experiencedand
achieved by relying on whole class teaching methods. However,the
profile of the sample (71% of respondentshad been SCs for less than
five years), might also suggest that they might not actually be familiar
with other ways of classroom organisation given that much of CPD in
this time had focused on whole class teaching of literacy and

numeracy and therefore, were not in a position to support or model a
range of strategies for teaching science due to a lack of knowledge or
experience in using these methods. On the other hand, it might
suggest whole class teaching methods (influenced by Alexander et al
(1992)) was perceivedto be the most effective way of delivering an
overloadedscience curriculum and meeting the demands of the
national tests within a limited time framework. Equally, regular
monitoringby Ofsted had ensured that whole class teaching
approaches had been widely adopted.

Evidence indicated that the sample drew upon a range of activities
(table 5.4), organised within a whole class context, although it cannot
be known from the findings here if certain year groups used one

particularactivityratherthan others,for example,althoughit was
apparent that SATs revision was more frequently used by KS2, Y6
classes might engage more frequently in SATs revision than other KS2
year groups. The constructivistteaching activities most frequently used
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were discussion, classifying and sorting, drawing to show
understanding, and to a lesser extent concept mapping. The fact that

the majority of the sample claimed they used these activities, might
suggest that a greater value was placed on an exploratory open-ended
approach to learning in science. However, although equal proportions
of KS1&2 claimed they used discussion as a way of reporting findings

from practical work, it was not clear how such discussion was
it
whether
was teacher-ledwith a predominanceof
orchestrated,
information
from
to
extract
pupils, or whether there
questions
closed
invite
to
to
of
open
pupils
share and
use
questions
a
greater
was
discuss their findings arriving at their own conclusions, based on their
evidence.

Howeverthe majority of the participantsalso claimed to use other
be
seen as supporting a 'transmissionist',
could
activities which
'behavioural' view of learning, such as board work, labeling diagrams
and 68% of the respondentsencouraged pupils to write up whole
investigations,although these methods were more frequently used by
KS2 (table 5.4), perhaps reflectingthe fact that teachers felt they
Again,
investigation.
'evidence'
having
an
of
pupils
completed
needed
this raised the question given the time constraints on science, what
aspects of investigationshould be prioritised,for it could be argued
that'writing up'was more of a literacy activity rather than an approach
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to develop scientific understanding.Similarly the revision of SATs
papers and the use of mini tests could be viewed as a method of
summative assessmenttaking up valuable curriculum time for
developing scientific understanding.

Equally of interest were activities which were 'infrequently' reported, for

example although a large number (62%) claimed they had made use of
surveys to gather data in science only 37% of the sample said they
made use of spreadsheetsor databaseswith their class and 49% at
KS2 compared with 18% at KS1 (table 5.4). Whilst it would appear that
investigational work was seen as important and in need of

development,the findings here would suggest that the interpretationof
data, possibly generated by pupil investigationswarranted further
development. In fact it could be argued that full investigationswere

difficultto achievewith little time beinggivento the final interpretation
of data and drawing conclusionsdue to barriers of curriculum pressure,
time constraints and possibly a partial understandingof constructivism
(table 5.1). Furthermore,this could indicate that whilst there might be

opportunitiesto applyskillstaughtin othersubjects,they were not
being used. Although there was a belief that children should make links
between science concepts (table 5.2), in order to develop
understanding,the same belief was not applied across subject areas
(table 5.4). In fact it could be argued that stronger links between
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literacy and numeracywould not only enable pupils to apply key skills
in science investigations and specifically in interpreting data, but would

also free up time in which to conduct full investigations. However,
evidence from the findings would suggest that SCs did not perceive
support for developing literacy and numeracy through science as a

priority (tables 5.7,5.8).

5.5.3 Assessment/accountability

The data would appear to indicate that overall schools felt that
assessmentwas for diagnostic purposes and to guide future teaching,
link
a
close
with teaching and learning (table 5.5).
suggesting
However, monitoringscience was also viewed as important, yet this
seemed at odds with the preferencefor diagnostic and formative
assessmentas previously stated. Furthermore,monitoring and setting
targets was cited as a key priority for SC's CPD (table 5.6) and also a
relatively important need for staff (table 5.7). Whilst there was a strong
agreement that assessment should be used to monitor standards (61
35%
strongly agreed with this statement). There were
and
agreed

mixedviewsaboutassessmentbeingusedto comparepupilsin class
(although 50% agreed, 26% disagreed with this statement). Moreover,
there was least agreement (that is a greater spread of views) about

assessmentfor comparingperformancewith otherschools;this was
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despite the fact that the publication of SATs results in annual league
tables was a significant part of assessment (table 5.5).

Similarly this also reflected the way SCs perceived their professional
duties. For example, SCs did not see analysing and interpreting
national, local and school data, (which could be seen as part of
It
their
targets)
role.
part
of
could be argued
as
setting
monitoring and
that on the whole respondents held the view that formative assessment
However
for
their
them
key
schools.
making use of
and
priority
was a
local and national assessment data could also be important. This might
time
increasingly
monitoring science
that
more
spent
schools
suggest
it
teaching
teachers
effectively, especially
than
supporting
rather
science investigations.

5.5.4 Teacher development and subject knowledge
5.5.4.1 External support
The findings suggest that most SCs viewed assessmentand target
This
5.6).
(table
CPD
for
their
highest
the
own
priority
setting as
importance
increased
the
now placed on
possibly reflected
the
KS2,
SATS
expectationsof
with
along
at
assessmentparticularly
the SC to monitor science,analysedata and set targets. EquallySCs
development,
for
important
staff
aspect
viewed assessmentas an
focus
increased
there
implying
that
the
an
was
although not
main one,
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on assessment and monitoringwithin schools. Thus it could be argued
that many SCs might see their role not just in terms of supporting
science, curriculum and pedagogy,but also in terms of monitoringand
setting targets.

Although most SCs did not appear to have a strong science
background in terms of science related subjects at'A' level, the
development of science subject knowledge was not a main priority for

their own professionaldevelopmentor for other members of staff
KS1
SCs
interestingly
saw this as a slightly higher priority
although
than KS2. This might suggest that schools were generally more
confident with the science content and felt that they had adequate
backgroundknowledge in order to teach it. However, it could be
argued that the perceived need for subject knowledge had diminished

with the adoptionof PSSW(1998),whichprovideda 'recipe'approach
to science. This may imply that all subject knowledge needed to
deliver the PSNC (DfEE1999) was embedded in the PSSW (1998),
supporting the view that most teachers could take on the role of SC
without a strong subject backgroundor the perceived need to increase

their own subjectknowledge.Howeverthis mightalso suggestthat
despite having the role of SC, less than half were able to draw upon a
strong background in science to support colleagues interpreting

science.

167

Investigational skills, ICT and assessment were identified as school

priorities for CPD although it was not clear from the data why such a
high priority should be placed on developing science investigations
(table 5.7). On the one hand, this could reflect the fact that CTs spent

more time on scientific knowledgerather than investigations.
Alternatively it could reflect a concern that despite the support from
PSSW (1998), CTs did not have the expertise or confidence to engage

in much investigationalwork.

The use of ICT to support science was also identified by 60% as a

CPDpriorityperhapsindicatingan over relianceon traditionalmethods
of teaching science rather than integratingthe use of ICT, for example
data logging and sensing equipment, perhaps in practical work. Thus it
between
link
ICT
the
be
SCs
to
that
might assumed
wanted strengthen
and science investigations.It was notable that developing literacy or
numeracy through science was not a main priority; possibly reflecting
the view that enough school developmenttime had already been spent
on these areas (table 5.7). Equally SCs did not consider the promotion
of literacy and numeracy through science as one of their professional
duties (table 5.8), but seemed more concerned to identify distinctive
'science' time and lessons, rather than an opportunity to emphasise its
cross curriculular links. Similarly children's recording and early years

168

science were not perceivedto be priorities for school development,
even by KS1.

5.5.4.2 Internal support
In terms of the ability for SCs to provide support and development in

science, there was a strong sense that they still needed to create
positive attitudes to science and ensure curriculum coverage and
progression. The fact SCs saw this as their main role may indicate that

there was still a certain resistanceor reluctance to teach science or
certain aspects of it within schools. Equally it could indicate possible
issues around the SC's status and confidence to advise on teaching
science or model good practice. However this also raised the question
as to whether time was readily available to model good practice or
whether it was possibly restricted to mostly verbal support,
fact
The
that time was
encouragementand a supply of resources.
identified as a key barrier to teaching science might also suggest it was
difficult for SCs to support other members of staff in the way they
wished (table 5.1). There was also recognitionof the growing
importance of the need to monitor and set targets in science which
undoubtedlywould put demands on co-ordinationtime (table 5.8).
Whilst most agreed they needed to monitor and evaluate teaching and
learning, there was a differing of opinion regarding analysing national,
local and school data. Neverthelessthe majority of SCs saw this as an
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important aspect of their role, perhaps reflected in the high priority they
attributed to monitoring and target setting in relation to their own
professionaldevelopment.

SCs seemed least sure about their role in terms of aspects of

assessment and evaluation.The evidence here would indicate that
assessmentwas perceived in terms of making evaluations based on
assessment data and using this to set general targets rather than the

assessment of learning of individual pupils in class. This would imply
that surnmativeassessmentwas having a big influence on the SCs
role and in turn on restricting the development of science in the
schools. Although SCs perceivedthere to be a balance between
support and monitoring it might be argued that whilst they saw the
former as a key aspect to their role, increasing pressure to monitor
science and set targets meant that more time was spent on

assessment.

5.6 CONCLUSION
The findings from the regional survey provide a broad overview of
primary science within the context of practice in which schools operate,
contributingto the emerging and interrelated 'stories' of curriculum,
pedagogy, assessment/accountabilityand teacher developmentand
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subject knowledge. It would appear that the PSSW (1998) largely
formed the basis of the primary science curriculum with the

developmentof literacy and numeracythrough science as a low
priority. Whilst science content appeared to be clearly defined, the
findings indicate the use of a wide range of teaching strategies and

activities suggestinga preferencefor both 'constructivist' and
'transmissionist'views of learning organised within a whole class
teaching context.

It could be argued that pressures relating to end of key stage tests and
the publication of SATs in league tables might have led to a conflict of
ideologies in relation to pedagogicpractice in science. Equally it would
importance,
there
having
AfL
that
greater
appear
as
seen
whilst
was
was a concern and agreement that science standards should be
the
to
in
However
purpose of
monitored.
opinions varied relation
monitoring, although a large proportion disagreed that it was to
facilitate a comparison of performancewith other schools. The

importancegivento assessmentwas reflectedin professional
development needs SCs identified for themselves; although they felt
ICT and investigationalskills were a priority for school development.

Whilst the purpose has been to provide an overview and broad
description of the context of practice, the views reported here can only

171

reflect the school context through the eyes and perceptionsof the SC.
It cannot be known to what extent their responses were representative
of the current reality within their schools, or represent their individual
beliefs and practices at a particular point in time. However, a particular
suggestion arising from the findings was that the PSSW (1998)

provided a structure for much of the primary science curriculum.
Although there appeared to be strong support for formative
assessment, this was possibly seen as a developmental need within
schools along with support for science investigations and ICT,

suggesting that a range of methodswere used to deliver a prescribed
A
teaching
range
of
strategies and associated
curriculum.
science
both
complimentaryand contrasting were
were
which
activities,
employed. Some strategies and activities suggested that pedagogy
might have been strongly influenced by national testing.

This chapter has addressedthe third research question by identifying
general trends in relation to curriculum, pedagogy,
assessment/accountability,teacher developmentand subject
knowledge. The main intention has been to develop key issues and
debates underpinning the developmentof primary science. These
along with conflicts and tensions within the emerging themes will be
explored in greater detail and will be used to as a framework to
analyse the case studies presented in the following chapters.
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