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Foreword

This report considers primary and early secondary science and
mathematics education across the United Kingdom. Venturing into this
complex area represents something of a first for the Royal Society.
Why have we done it?

Clearly future advances in science and technology will be essential to
combating the greatest social and environmental challenges we face,
and suitably qualified experts are required to tackle these. Evidently, the
success of Government policies concerning science and innovation
depends on the quality of young people’s education.

Our work in education policy, like that of many others, has been mostly
concerned with the products of the education ‘system’, focusing on the
numbers taking public examinations in science, mathematics and related
subjects and pursuing careers in them. On the face of it, this makes good
sense given that the subject choices young people make narrow as they
progress through the education system, and the extent to which they
continue to pursue science and mathematics will increasingly determine
the numbers of professional scientists and the overall level of scientific
literacy in the population.

However, recent evidence has highlighted how children’s initial
experiences of education can have profound implications for their future
success and well-being. Children are innately curious about the natural
world. But, year after year, large proportions are ‘turned off’ science and

mathematics by the time they reach secondary school, with little prospect of that interest being rekindled. Inevitably, those
who are most likely to suffer are the under-privileged.

We have sought to understand why this is happening, by sifting through a quantity of the vast array of information
available from independent research and national educational records.

It is clear that there are profound issues that will only be solved long term. This will demand a precise understanding of
what subject specialism is and should be in relation to primary and secondary education. Finally, as responsibility for
education increasingly shifts to local communities, there is a need for private enterprise, educational charities and the
learned and professional bodies to give far greater consideration to supporting primary science and mathematics inside
and outside the classroom. It is only by concerted action that we will be able to move closer towards achieving equality of

opportunity for all children.

Martin Rees

President of the Royal Society

The Royal Society
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Summary guide to the report and

recommendations

This report has a triple purpose: (i) to provide a summary of
the quantitative information that is available on attainment
and the workforce in respect of 5-14 science and
mathematics education across the UK; (ii) to explain the
factors considered to have been influential in producing
any observed trends; and (iii) to make recommendations to
policy makers on specific actions to improve 5-14 science
and mathematics education in the UK. A summary of the
key issues in 5-11 science and mathematics education,
Primary science and mathematics education: getting the
basics right, is based upon and published alongside this
report (Royal Society 2010a).

The background to historical and more recent changes in
5-14 science and mathematics education is described in
chapter 2.

Core data on pupil attainment are presented in chapter 3,
concerning performance Levels and trends from 1998
onwards. Both test and teacher assessment data are reported
where available. However, the most complete pictures of
attainment across the last 12 years are derived from teachers’
assessments, which have continued to be available, whilst
test data ceased to be either collected or reported at various
times in Northern Ireland, Scotland, Wales and, most recently,
with respect to Key Stage 3, in England.? Interpretation of
these attainment data needs some caution because of the
changes in curricula and assessment arrangements during
this time, including the move from end-of Key Stage national
testing to greater teacher assessment, and because the
individual circumstances of each nation differ.

Data relating to the science and mathematics teaching
workforce and the extent of participation in professional
development are reported in chapters 4 and 5, respectively.
In both cases firm conclusions are hampered by absence of
relevant records. For example, it is known that a teacher’s
own background in these subjects is a key factor in good
teaching, but information is lacking about the proportion of
currently practising teachers with up-to-date specialist
knowledge in these subjects. This means that data do not
seem to be available to inform debates surrounding the use
of specialist teaching in the upper years of primary school.3
Similarly there is a lack of centralised records of teachers’
participation in continuing professional development (CPD)
other than for the courses provided in science by the
network of Science Learning Centres and the opportunities
in mathematics coordinated by the National Centre for
Excellence in the Teaching of Mathematics (NCETM).

Chapter 6 brings together information from research about
factors that influence pupils’ performance. It refers to
classroom factors such as the use of language, experience

2 Lately, Key Stage 2 tests in science have been abolished in England.
3 See, for example, conclusion 128 of the Cambridge Primary Review
(Alexander 2010).

The Royal Society

of working in groups and ensuring that the general
sequence of development is reflected in the teaching
methods and activities. It looks at the impact of a range of
background factors inside and outside of the classroom
that may affect children’s perceptions of science and
mathematics and their attainment. Also discussed here is
the decline in pupils’ attitudes towards science and
mathematics as they progress through primary school and
into secondary school. Although there is no evidence of an
association between attitudes and attainment, measures
need to be taken to improve attitudes and encourage greater
participation in these subjects in later secondary education.

Chapter 7 considers the evidence that pupils’ learning may
be affected by the balance between the stimulation of new
experience on transfer and continuity with previous ways
of learning. Repetition of material covered in earlier work
lowers interest and must be avoided, but without
presenting secondary school science as something entirely
different from primary science. A key factor in this
endeavour is to smooth the transfer from primary to
secondary school, where at present there are dips in both
attainment and attitudes.

Finally, chapter 8 draws together the key findings and
reflections about science and mathematics education in the
5-14 age range, with a view to outlining possible ways
forward, including the need for research-informed policy.

Recommendations
The individual recommendations found within this report
are listed below.

Chapter 3. Attainment trends in science
and mathematics among 5-14 year olds
(pp. 14, 27)

Recommendation 1

The Department for Education should carefully review
its data publishing protocols with a view to ensuring its
releases of Key Stage 1-3 attainment data are clearly
and consistently presented, conducive to facilitating
comparisons over time. In particular, it should consider
dispensing with provisional and revised data, and
commit only to publishing final data. Otherwise, it
should adopt a consistent approach to publishing, and
clearly distinguishing, these different types of data in its
publications, and ensure that users can locate them
easily. Adopting the second alternative would
necessitate the removal of provisional data from open
access once they have been superseded, in order to
reduce the risk of confusion.

Science and mathematics education, 5-14 | July 2010 | xi



Recommendation 2

The Department for Education should dispense with Key
Stage 2 tests in mathematics. It should also conduct a
review of the assessment system for pupils aged 5-14,
ensuring that assessment is light touch and geared
primarily to supporting and encouraging their progress.

Chapter 4. Science and mathematics
‘specialists’ within the 5-14 teaching
workforce (pp. 36-37, 40)

Recommendation 3

In the light of its intention to abolish the General
Teaching Council for England, the Department for
Education should commit to maintaining the register of
teachers in England and clarify how it intends to do this.
Together with the Training and Development Agency for
Schools, and the science and mathematics
communities, it should collaborate to resolve each of
the issues below, and agree a strategy for improving the
quality of records on subject specialists within primary
and secondary teaching in England.

(i) Clarify the type(s) of qualifications that should be
included in recognising subject ‘specialism’;

(i) Categorise first degree course subjects for the
purpose of identifying science or mathematics
specialists;

(iii) Specify the requirements for specialism at different
educational phases, from Key Stage 2 upwards.

Recommendation 4

The Department for Education should establish, with the
support of the science and mathematics communities,

a definition of ‘specialist’ (see Recommendation 3) that
recognises that the criteria for identifying specialism

will change from Key Stage to Key Stage. It should then
formulate both a target for increasing the numbers of
science ‘specialist’ teachers in English primary schools to
ensure that every child has access to a high quality science
education, and invest in strategies for achieving this. Given
that there are currently more than 17,000 primary schools
in England, and based on the identification of a ‘specialist’
used for Figure 4.1, there is potentially a need to triple the
numbers of science ‘specialists’ in the primary teaching
population. The Department should also develop with
the Training and Development Agency for Schools a
mechanism that enables specialism, and the development
of expertise through teaching experience and subject-
based and other CPD, to be tracked and recognised
throughout a teacher’s career.

Recommendation 5

The Department for Education and the Training and
Development Agency for Schools should scope out a
recruitment and retention programme specifically for
primary teachers with science and mathematics
expertise. Initial teacher training departments should
strengthen their connections with science, mathematics
and engineering departments in higher education
institutions in order to raise awareness of teaching
among students taking STEM degrees.

Recommendation 6

Given the Department for Education’s intention to
abolish the General Teaching Council for England, it is
important that it should work with the General Teaching
Councils for Northern Ireland, Wales, and with the
General Teaching Council for Scotland, on a coordinated
approach to recording and maintaining consistent and
accurate records of the specialisms of teachers on their

registers.

Chapter 5. Subject-specific continuing
professional development for teachers of
primary and early secondary science and
mathematics (pp. 55-57)

Recommendation 7

The Institute of Physics, the Royal Society of Chemistry
and the Society of Biology should explore with the
National Science Learning Centre and others in the
science community the development of a cross-
disciplinary ‘science for non-specialists’ course for

Key Stage 2/3 teachers and higher-level teaching
assistants.

Recommendation 8

Subject associations and professional bodies should
continue to ensure they provide suitable opportunities
and incentives for primary schools and/or teachers to
become members or affiliates, in order to drive up
exposure to science and mathematics CPD opportunities
provided by these organisations and others.

Recommendation 9

In considering the impact on progression and attitudes
of early educational experiences, subject associations
and professional bodies should review the balance of
their CPD provision with a view to having an increased
focus on primary education.

xii 1 July 2010 | Science and mathematics education, 5-14
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Recommendation 10

The National Science Learning Centre (NSLC), regional
science centres and the National Centre for Excellence
in the Teaching of Mathematics must be allowed to
continue their important work in supporting the drive to
improve professional standards through subject-specific
CPD. For this to happen, continued Government
investment will be needed when current funding
arrangements end in 2011. In addition, the NSLC’s remit
needs to be modified to enable a greater focus on
providing primary teachers and teaching assistants with
CPD in science.

Recommendation 11

The Scottish Government should also consider
providing funding beyond 2011 in order to allow the
Scottish Schools Equipment Research Centre and its
partner agencies to deliver high quality CPD to primary
and secondary teachers.

Chapter 6. Factors affecting attainment in 5-14
science and mathematics (p. 70)

Chapter 7. Primary—secondary transfer in
science and mathematics (p. 79)

Recommendation 14

National regulators and developers of curricula and
assessment should carefully review the impact of new
and revised curricula and assessment arrangements on
primary—-secondary transfer in science and
mathematics.

Recommendation 15

While longitudinal studies of children’s developing
mathematical abilities across the primary—-secondary
interface already take place, there is a need for the
Economic and Social Research Council and other
education research funders to encourage similar, high-
quality studies of children’s developing scientific
knowledge, understanding and skills and how these are
applied to the world around them. This should include
using a range of methods, research on boys’ and girls’
attitudes towards science and mathematics and how
these change during primary and early secondary
education.

Recommendation 12

Knowledge of the factors that promote pupils’ cognitive
development in science and mathematics should be
incorporated within high quality training and continuing
professional development for teachers and teaching
assistants, coordinated by the National Science
Learning Centre and the National Centre for Excellence
in the Teaching of Mathematics.

Recommendation 13

The Economic and Social Research Council and other
education research funders should encourage more
investigations into the long-term benefits of informal
learning in science and mathematics and parent
participation within it, as well as the development of
opportunities in mathematics that complement those in
science in the use of museums, travelling resources and

Chapter 8. Conclusions (p. 85)

Recommendation 16

A coordinated programme of evidence-based
quantitative and qualitative research into primary
science and mathematics education in the UK is
required to inform future policy decisions. This should
be developed from the Economic and Social Research
Council’s Targeted Initiative on Science and
Mathematics Education, which focuses on the
secondary and later phases, and should reference the
Alexander Review of Primary Education. Other funders
of educational research within this area, including the
Wellcome Trust, the Gatsby Foundation and the Nuffield
Foundation, should be involved in determining a

Web-based resources.

The Royal Society

suitable framework.
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1 Introduction

1.1 The importance of early education in
science and mathematics
Primary and early secondary education serve more than
the purpose of providing a foundation for later secondary
and then tertiary education. During these periods, young
people are developing knowledge, capabilities and other
attributes that affect their daily lives as well as their further
learning. This is a crucial period of their education during
which changes in their ways of thinking, particularly the
ability to deal with abstract concepts, enable them to see
connections within their rapidly expanding experience of
the world around them. Generally it is a time when children
enjoy new experiences and want to be challenged, to learn
things of relevance to their lives and to understand how
everything fits together.# So the first nine years of
schooling are not merely a time of preparation for the next
two to four years; they should meet the needs of pupils as
they live through these formative years. This is the
message in the aims of the curriculum in England for Key
Stages 3 and 4 and which are proposed also as aims for
Key Stages 1 and 2: that young people should become
‘successful learners’, ‘confident individuals’ and
‘responsible citizens’ (QCA 2007). Similar aims are stated
for the Scottish Curriculum for Excellence, with the
addition of ‘effective contributors’.> A more recent review
of primary education identified a wider set of aims or
purposes (Alexander 2010).

Clearly these aims go beyond developing ‘the basics’,
which has traditionally been seen as the key aim of primary
education. While mathematics—or at least development

of numerical skills—has long been regarded as
fundamental in the education of young children,® the
position of science historically has been less secure. So,
while it is not necessary to argue the case for the position
of mathematics in the primary curriculum, it is still
pertinent to set out the case for science in the primary
school.

Claims for the importance of learning science from the
start of schooling are based on three kinds of evidence: (i)
what is known about how children develop ideas about
how things behave in the natural world; (ii) about how their
reasoning develops; and (iii) about how attitudes develop
and change. In relation to the first, extensive research
shows beyond doubt that children arrive at their own ideas
about the natural world in their early years, whether or not
there is science in the curriculum. These intuitive or naive
ideas are often in conflict with scientific ones and, if taken
into secondary school, may inhibit effective learning. On
the second point there is widespread international

4 QCDA consultations with pupils on the new primary curriculum (QCDA
2009).

5 Scottish Government 2008 Curriculum for Excellence, see http:/iwww.
Itscotland.org.uk/curriculumforexcellence/

6 There are no universally agreed and understood definitions of
‘mathematics’ and ‘numeracy’ (ACME 2009).

The Royal Society

recognition that understanding in science develops
through the use of enquiry skills.” These skills, relating to
the collection of data and their interpretation, determine
the ideas that children develop in their exploration of the
natural world. Early experience of developing and using
scientific enquiry skills contributes to understanding ‘how
science works’, a key component of early secondary
science curricula. On the third point, it is well established
that attitudes towards science form early and have already
become less positive when children reach the end of
primary school. Some of this decline may be due to a
general pattern for pupils’ attitudes towards most school
subjects to become less positive with age, but there is
evidence that the decline is less pronounced when pupils
are engaged in scientific activity.

1.2 Aims and procedures of this report

Given the importance of primary and early secondary
education, those developing policy and practice ought to
be aware of the extent to which educational provision
optimises the opportunities for all pupils to learn science
and mathematics. There are multiple factors affecting
pupils’ cognitive and affective outcomes, both within and
outside school. These include the curriculum and
assessment, the management of schools, the relationship
between schools and other agencies, teachers and their
training, children’s development, the role of parents and
home background, the transfer from pre-school to primary
school and from primary to secondary school. This report
does not attempt to cover this range in the same way, eg
as the Cambridge Review of Primary Education in England
has done, nor does it focus attention on the influential role
of the media in bringing about educational reform. Rather
it sets out to identify trends in Levels of performance of
pupils aged 5-14 in science and mathematics across the
UK and to identify factors that may have an impact on
pupils’ attainment. The intention is not only to report the
available quantitative and qualitative evidence, but to
comment on its adequacy as a basis for informing policy
and then make actionable recommendations to key policy
makers.

The achievement of these aims presents a considerable
challenge. Not only are there two subjects to consider but
also two very different school contexts—primary and
secondary schools—in which pupils in the age range being
considered are taught, and different ages of transfer from
one to the other in Scotland compared to other parts of the
UK. Further, the governance of education is now a matter
for each of the four nations of the UK to decide and, since
2007, curricula and assessment procedures have diverged
as a result. Curriculum and assessment reforms, already

7  For example, the IAP Science Education Programme, see http://www.
interacademies.net/CMS/Programmes/3123.aspx
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being implemented in Northern Ireland and Wales and in
progress in Scotland, include changes that affect the
position of science in the primary years. Although it is
rather too early to report the impact of these particular
reforms on pupil attainment, this report can comment on
the evidence base that is available and which is needed for
responsible policy decisions.

As a result, the areas of concern addressed in this report
include:

« the levels of, and trends in performance of, 5-14
year old pupils across the UK in science and
mathematics;

e the number and qualifications of those teaching
science and mathematics to pupils in primary schools
and the lower years of secondary schools;

« the opportunities teachers have for specific continuing
professional development in these subjects;

= factors within and beyond the school that may affect
pupil attainment in science and mathematics;

« the conclusions that may be drawn from the available
data regarding how to improve performance in and
attitudes towards science and mathematics;

* the policy recommendations that follow.

The methods used in addressing these areas of concern
were: (i) the collation and analysis of assessment and test
data from Key Stages 1, 2 and 3 in England and the
equivalent data, where available, from Northern Ireland,

2 1 July 2010 | Science and mathematics education, 5-14

Scotland and Wales; (ii) the collation and analysis of
information about the workforce for science and
mathematics education for 5-14 year old pupils across
the UK; and (iii) the review of relevant research findings
relating to pupil attitudes, the transfer from primary to
secondary school, and the impact of personal, home and
other within and without school factors.

A note on recommendations and

additional data

The recommendations made in this report are intended to
highlight actions that need to be taken by those with
responsibility for improving the effectiveness, and the
measurement of the effectiveness, of primary and early
secondary science and mathematics education. An
electronic appendix contains supplementary tables and
figures, referenced in the main report by the prefix ‘A’

(eg Table A3.2; Figure A5.5).

A note on the Government department
responsible for education in England

On 12 May 2010, following the General Election, the
Department for Children, Schools and Families (DCSF)
became the Department for Education. In recognition of
this, where necessary, recommendations in the report have
been modified to take account of this change. However, in
order to maintain a correct historical perspective, the data
on attainment trends were sourced from the DCSF, and are
credited as such.

The Royal Society



2 The context of 5-14 science and mathematics
education in the UK

This chapter reviews the changes to policy and practice in use in the UK prior to and after 2007, when changes were
science and mathematics education in primary and early implemented in all four nations.

secondary schools in the nations of the UK, beginning with

a brief account of conditions leading to the introduction of

national curricula and guidelines in the later 1980s. The 2.1 Before the introduction of national

influence of political devolution brought divergence in curricula

curricula and particularly in national assessment 2.1.1 England and Wales

arrangements, leaving England in 2010 as the only UK When, under the 1944 Education Act, primary and
nation with national testing at age 11, including secondary education was made free and available to all
mathematics but no longer science. Tables 2.1 and 2.2 children, what was taught was left to schools to decide:
indicate 5-14 education ages, year groups and stages in apart from religious education, nothing was centrally

Table 2.1. Ages, year groups and stages in the UK to 2007 for 5-14 year olds.

Age England Wales Northern Ireland Scotland
4/5 Reception Reception Y1l KS1 Pre-school
5/6 Y1 KS1 Y1 KS1 Y2 KS1 P1

6/7 Y2 KS1 Y2 KS1 Y3 KS1 P2

718 Y3 KS2 Y3 KS2 Y4 KS1 P3

8/9 Y4 KS2 Y4 KS2 Y5 KS2 P4

9/10 Y5 KS2 Y5 KS2 Y6 KS2 P5

10/11 Y6 KS2 Y6 KS2 Y7 KS2 P6

11/12 Y7 KS3 Y7 KS3 Y8 KS3 P7

12/13 Y8 KS3 Y8 KS3 Y9 KS3 S1

13/14 Y9 KS3 Y9 KS3 Y10 KS3 S2

Notes: Y, year group; KS, Key Stage; P, primary; S, secondary.

Table 2.2. Ages and stages in the UK from 2007 onwards for 6—14 year olds (changes in bold).

England Northern Ireland Scotland
4/5 Reception FS Reception FPh Y1 Foundation Pre-school Early stage
5/6 Y1l KS1 Y1l FPh Y2 Foundation P1 Early Stage
6/7 Y2 KS1 Y2 FPh Y3 KS1 P2 First Stage
7/8 Y3 KS2 Y3 KS2 Y4 KS1 P3 First Stage
8/9 Y4 KS2 Y3 KS2 Y5 KS2 P4 First Stage
9/10 Y5 KS2 Y4 KS2 Y6 KS2 P5 Second stage
10/11 Y6 KS2 Y5 KS2 Y7 KS2 P6 Second stage
11/12 Y7 KS3 Y6 KS3 Y8 KS3 P7 Second stage
12/13 Y8 KS3 Y7 KS3 Y9 KS3 S1 Third stage
13/14 Y9 KS3 Y8 KS3 Y10 KS3 S2 Third Stage

Notes: FS, foundation stage (England); FPh, foundation phase (Wales).
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prescribed. In relation to science there was little in the
primary school, other than nature study and some ‘object
lessons’. In the case of both science and mathematics,
what was taught at the secondary level had not kept pace
with scientific and technological development during and
after the War. Attention to badly needed change started
with the post-16 stage of the secondary school in the
1960s and gradually worked downwards in the form of
curriculum development projects in science and
mathematics funded by the Nuffield Foundation, the
Schools Council and private industry. When it reached the
primary school it became clear that existing practices were
highly unsatisfactory either in helping children to begin to
understand the scientific and broader mathematical
aspects of their world or as a preparation for the new
secondary curriculum.

The first primary science and mathematics curriculum
projects promoted the child-centred approach to primary
education strongly endorsed in the Plowden Report
(CACE 1967a) in England and the Gittins Report in Wales
(CACE 1967b). This approach allowed children to make
connections in what they were taught and develop their
understanding at their own pace. Children regularly
worked in pairs or groups rather than, in the teacher-
centred approach, always as a whole class, all undertaking
the activities at the same time. The considerable change

in classroom practice that these projects required was
their weakness as well as their strength. The HMI report
on primary education in England (DES 1978a) noted
disappointing progress in science teaching in primary
schools, with the ideas and materials produced by
curriculum development projects having had little impact
in the majority of schools. A survey associated with this
report (DES 1978b) showed that only about half of primary
classes had any science at all and in only about one in ten
was the work developed seriously. Changes in mathematics
were also difficult to implement on a large scale, and many
schools turned to new textbooks, which were very limited
in their vision. It became common practice for children to
work through these on their own rather than engaging in
group work or whole class discussion.

The first round of successful secondary curriculum
projects in both science and mathematics was developed
for the independent and grammar schools. However, with
the growth of comprehensive schools in the 1960s and
1970s, new projects were launched to ensure that the
whole attainment range was covered, and many had a
large take-up.

The result of all these initiatives was a wide range of
different practices right across the 5-14 age range. Not
only was there no central control of what was taught and
no information about the pre-16 achievements of pupils,
there was also decreasing local control following the
demise in most areas of the 11+ examination. The
Government therefore announced the establishment, in
1974, of the Assessment of Performance Unit (APU) to
provide information about the relative achievement of
different student groups and changes over time.
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APU surveys were conducted at age 11 (in mathematics,
English language and science), at age 13 (science and
foreign languages) and at age 15 (in mathematics, English
language, science and design and technology) in England,
Wales and Northern Ireland. The extensive range of items
included meant that what was tested in the surveys
covered a far better sample of the curriculum than could
be covered by a single test taken by all pupils. Further,
including a number of items, assessing the same skill of
concept but set in different contexts, enabled the effect of
particular contexts to be minimised. In the science surveys
large banks of items were created for each age group for
each of six main categories of science performance, of
which three involved direct manipulation of objects and
equipment. In mathematics the main components were
traditional pencil-and-paper testing of concepts and skills
in different topics, but small-scale tests of problem-solving
and skills were later added for the two age groups.

Although the APU results for mathematics showed a slight
but steady improvement with, as for science, interesting
differences between aspects of the subject, nevertheless
the national concern with mathematical standards
continued, stoked by a Prime Ministerial speech in 1976,
and culminated in the report of the Cockcroft Inquiry into
the 7eaching of mathematics in schools (DES 1982). This
report recommended an emphasis on the uses of
mathematics in everyday contexts, a broad description of a
common core curriculum to fit students for employment, a
recognition of the need for curriculum differentiation, and a
variety of teaching methods to include problem-solving,
investigation, discussion and practical work, as well as
exposition and practice. It had a considerable effect on
mathematics teaching and assessment at all levels.

The inclusion of science as one of the three subjects
assessed in the APU surveys at age 11 established its
position as part of the ‘core’ of the primary curriculum, a
position confirmed when the National Curriculum was
created in 1989. For both science and mathematics the
decisions about content and skills to be assessed were
later influential in the formulation of the National
Curriculum and in assessment. The APU was terminated in
1990 when the Government decided to use aggregated
national test results to monitor national trends in
performance.

2.1.2 Northern Ireland

In 1947 the Northern Ireland Education Act, paralleling the
1944 Education Act in England, legislated for the transfer
of all pupils, at about the age of 11, from ‘primary’ to a
grammar, secondary intermediate or technical intermediate
school (the latter being phased out by 1974). While
mathematics was taught throughout compulsory
schooling, a survey of primary education carried out by the
Department of Education Northern Ireland Inspectorate
from 1978 to 1980 estimated that only about one primary
school in ten was actively engaged in teaching science
(DENI 1981). In response to the Inspectorate’s survey,
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a significant programme of curriculum review and
development was inaugurated. A series of subject
guidelines, including one for science (NICED 1986),
together with a more general guideline on primary school
aims and objectives, was developed. Although schools
were not required to participate in this initiative, nor were
they required to address science if they did so,
nevertheless it could be reported by the end of the Eighties
that science was ‘evident in the majority of schools’ (DENI
1990, p. 10).

The results of the APU surveys show evidence of this late
blossoming of primary science. It was reported that, by the
end of the study, about 90% of those in Northern Ireland
included science activities in the work of their 10/11 year
olds (Russell et a/. 1988). In respect of pupils’ performance,
children in Northern Ireland achieved scores broadly similar
and in some cases exceeding those in England and Wales
both at ages 11 and 13.

One of the factors contributing to the slower progress in
establishing primary science in Northern Ireland than was
the case in England was the impact of the procedures used
to select pupils for grammar school places. Unlike England,
Northern Ireland retained a selective system of secondary
education for the majority of pupils. Over the period 1948
to 1988 different means were employed to identify those
deemed suitable for grammar school education. Most
commonly, though, these comprised tests of verbal
reasoning, English and mathematics. The narrowing effects
of such high-stakes testing on the primary curriculum at
this time have been well documented (eg DENI 1981,
1988; Wallace 1994).

2.1.3 Scotland

In 1946, the Advisory Council on Education in Scotland
produced a report on primary education which made no
mention of the terms ‘science’ or ‘mathematics’ (ACES
1946). Nature study, geography and history were grouped
together as ‘three subjects with a large common element’
and arithmetic was the only branch of mathematics that
was represented. In primary schools throughout the 1950s
and early 1960s, nature study was typically taught as a
discrete subject using radio broadcasts that focused on
seasonal events and descriptions of wildlife. Arithmetic
was also taught as a separate subject with emphasis on
oral and written computational skills, and some element
of problem solving, usually in a fairly contrived context.

The publication of Primary education in Scotland (SED
1965)—often referred to as the Primary Memorandum—
brought together mathematics, science, geography and
history under the umbrella of environmental studies (ES).
The report advocated that these subjects should be

taught in an integrated fashion by means of topics or
centres of interest. The same report recommended that the
scope of mathematics should be broadened to include
shape, quantity and measurement in addition to number
and that mathematics should be applied where appropriate
in ES topics.
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Over the next 20 years, a series of science projects aimed
at promoting a more child-centred approach to learning
was instigated in Scotland as in England. Nevertheless in
1980, the HMI report Learning and teaching in Primary 4
and Primary 7 noted that ‘science fared badly, with 60% of
all teachers giving it little, if any, place in the curriculum’,
and expressed concern at the neglect of science
particularly in the final year of the primary school (HM
Inspectors of Schools 1980). There were many reasons for
this low level of implementation, including a lack of
definition about what science should be taught, primary
teachers’ lack of confidence and understanding of key
areas of science and a tendency to provide resources for
schools without any associated professional development
in how best to use them with pupils.

Because of concerns about educational standards, the
Assessment of Achievement Programme (AAP) was
established in the mid-1980s, by the Scottish Office
Education and Industry Department (SOEID). Based largely
on the experience of the APU, the AAP surveyed a
representative sample of pupils’ attainment in English
language, mathematics and science at P4, P7 and S2 every
three years over a period of around 15 years. It remained in
place when the APU was terminated in the rest of the UK
and was developed in 2003 into the Scottish Survey of
Achievement, which remains in operation.

2.2 The new national curricula from 1989
onwards

2.2.1 England and Wales

The 1988 Education Act made provision for a National
Curriculum that all State schools in England and Wales
would be required to follow. Introduced in 1989, it initially
comprised ten foundation subjects: English, mathematics,
science, technology,? history, geography, art, music,
physical education and (at the secondary school level) a
modern foreign language. The first three of these were
designated as core subjects and as such were the first to
be specified and in far greater detail than other foundation
subjects. The curriculum in Wales was the same as that in
England apart from the inclusion of Welsh language as an
additional subject in the core and English not being a
required part of the curriculum until the age of seven. The
ages 5-16 were designated in terms of Years (1-11) and
divided into four ‘Key Stages’.® In both England and Wales,
the ‘teaching requirements’ for each subject were arranged
as a ‘Programme of study’ for each Key Stage and what
children were expected to learn was set out in terms of
‘Attainment Targets’ specified initially at ten progressive
‘Levels’ to cover the age range 5-16. The expectations for
the end of each Key Stage were expressed in relation to
these Levels. In addition to the subjects in the National

8 The National Curriculum was revised in 1995, with a Statutory
Instrument (no. 56) providing for specification of programmes in ‘design
and technology’ and ‘information technology’.

9 Primary, Key Stage 1 (Years 1 and 2), Key Stage 2 (Years 3-6);
Secondary, Key Stage 3 (Years 7-9), Key Stage 4 (Years 10 and 11).
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Curriculum, schools were required to teach religious
education.

Since its initial implementation, the curriculum has been
revised on several occasions. Soon after it began to be
phased in, complaints were made about too much content
and too much prescription. As a result of a review
conducted by Sir Ron Dearing (Dearing 1994), in 1995 a
revised National Curriculum was implemented with
somewhat reduced curriculum content, and the detailed
Level specifications of the Attainment Targets for each
subject changed to broader and Level Descriptions with
the number of Levels reduced to eight plus ‘exceptional
performance’. The content was further reduced in a
revision carried out in 1999, and in 2002 the curriculum
was extended to include the foundation stage. In the case
of mathematics, the changes were largely cosmetic; in
fact, the 5-14 curriculum has hardly changed since 1988.
Comprehensive changes to the curriculum made after
2007 are discussed later.

In the early 1990s the DES made available funds for
professional development and the development of
guidance for teachers; similar support was offered in
Wales. A good deal of written material was also produced
in both mathematics and science by the DES and
publishers. There was evidence that this attention and
support was having some effect and that teachers began
to feel more confident.’? In view of the good science
results in national tests at age 11 (see Chapter 3) and
favourable international comparative data relating to
science achievement, attention and funding were switched
to improving numeracy and literacy where there was
greater concern about national standards.

The National Literacy and Numeracy Strategies were
introduced in 1998 and 1999, respectively, in England only;
revisions for both were provided in 2006. These strategies
advised the use of particular lesson structures and subject-
based teaching approaches. In 2001 these were extended
to secondary schools as part of the Secondary National
Strategy. Their effect in primary schools was not only to
elevate the status of numeracy and literacy and to separate
them from other subjects, but to downgrade others,
including science.? Although further help in science was
provided to schools in the form of A scheme of work for
Key Stages 1 and 2, first published in 1998 and revised in
2000, the much-needed professional development for
primary science was only sporadically provided through
the National Strategies. However, from 2005 onwards the
establishment of a network of Science Learning Centres
has been providing around 4,000 days of training in
science for primary teachers, mainly in England. At the
same time £15 million funding for a National Centre for
Excellence in the Teaching of Mathematics was
announced. (See Chapter 5 for more on professional
development.)

10 Ofsted inspections in the mid-1990s reported that 80% of science
lessons were judged to be satisfactory or better.

11 A survey by Galton & MacBeath (2002) found a reduction in time for
science in Year 6 from three to two hours per week.
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As time for science teaching in primary schools was
squeezed by attention to the literacy and numeracy
frameworks, teachers found even greater difficulty with the
curriculum, which they increasingly saw as overloaded and
over-prescribed. This led to greater use of transmission, as
opposed to enquiry-based, teaching, a situation
exacerbated by the impact of testing (see Chapter 6).
Relevance of science to children’s everyday experience and
environment was sacrificed and, not surprisingly, there
were reports of pupils’ interest in science and confidence
in their ability to learn science being lowered (TIMSS study
of 2007; see Sturman et a/. 2008).

2.2.2 Northern Ireland

A year after the Education Reform Act (1988), the
Education Reform (Northern Ireland) Order (1989)
established the Northern Ireland Curriculum. Within this,
‘Mathematics’ and, separately, ‘Science and Technology’
were designated ‘areas of study’ and ‘compulsory
contributory subjects’ throughout its four Key Stages. Its
introduction was supported by the publication of Guidance
materials (NICC 1990), the equivalent of the English non-
statutory guidance. In addition, there was a programme of
in-service training, limited, however, by the coincident
reduction in the number of science advisory officers and by
their increasing involvement in the support of whole-school
issues such as literacy, numeracy and ICT (ETI 2001).

Thereafter, the chronicle of the Northern Ireland Curriculum
follows quite closely that of the National Curriculum. In
response to complaints about the burden of its content,
and particularly the burden of its assessment and
reporting, the Curriculum was reviewed and revised on a
number of occasions. Towards the end of 1999, following
advice from the Northern Ireland Council for the
Curriculum, Examinations and Assessment (CCEA), the
Department of Education gave the go-ahead for a major
review and revision of the Northern Ireland Curriculum,
resulting in the new arrangements for primary and post-
primary schools being phased in from 2007.

2.2.3 Scotland

In the late Eighties, the 5-14 Development Programme
was established under the management of the Scottish
Consultative Council on the Curriculum (SCCC) to review
the curriculum in the seven years of primary education and
the first two years of secondary education. National
Guidelines on Mathematics 5-14 were produced in 1991
and these defined Attainment Targets in mathematics at
five Levels (A-E) in terms of information handling, number,
money and measurement and shape, position and
movement. Problem solving and enquiry was also included
but without any description of levels of progression.
National Guidelines on Environmental Studies 5-14
(expanded to include technology, health education and
information technology as well as social subjects and
science) were produced in 1993. Attainment Targets in
three areas of science were defined at five Levels (A-E) in

The Royal Society



terms of knowledge, understanding, skills and attitudes.
Later a Level F was added for all subjects. Unlike the
national curricula in other parts of the UK, National
Guidelines were not mandatory, although most schools in
Scotland followed the advice offered in them. However,
across the nation, these National Guidelines were found to
be too complex and cumbersome to teach.

An HMI report on /mproving science education 5—14 (HMI
1999), based on evidence from research, made a number
of major recommendations to national bodies, including
signalling the need for a review of the Environmental
Studies guidelines. Revised and separate guidelines in
science (and other ES curriculum areas) were produced in
2000 that simplified the structure of what was taught and
assessed and which included more advice for teachers
about possible learning activities and approaches. Over the
next few years, the Scottish Executive established the
Improving Science Education 5-14 Project in collaboration
with Learning and Teaching Scotland (LTS), the Scottish
Schools Equipment Research Centre (SSERC) and the
Scottish Science Advisory Group (SSAG) representing local
authorities, to address the recommendations in the HMI
report. Despite some signs of improvement (HMIE 2005),
there continued to be weaknesses in many schools’
science programmes, one of several factors in the decision
to conduct a comprehensive review of school education.

2.3 Curriculum developments from 2007
2.3.1 England (Key Stage 3)

Dissatisfaction with the form of the National Curriculum
and particularly the impact of testing, added to the
frustration at the lack of improvement in end-of Key Stage
test results from 2001 onwards (see Chapter 3), led to a
re-examination of the Key Stage 3 curriculum, aimed at
reducing prescription and giving teachers more freedom to
meet the requirements of the ‘personalised learning’
agenda. The review was carried out by the Qualifications
and Curriculum Authority (QCA) between 2005 and 2007
and the new Key Stage 3 curriculum was implemented
starting in 2008. For science, the statutory Programme of
Study comprises key concepts, processes, the ‘range and
content’ that pupils should study and the ‘curriculum
opportunities’ that should be provided. The content is
economically set out in 14 Statements of Ideas and
Propositions with some expansion in non-statutory notes.
In addition there are non-statutory themes to be
considered through all subjects. The four Attainment
Targets, for ‘How science works’, ‘Organisms, their
behaviour and the environment’, ‘Materials, their
properties and the Earth’ and ‘Energy, forces and Space’
are specified as Level Descriptions from Levels 4 to 8 plus
‘exceptional performance’ beyond Level 8.

In mathematics, too, the intention was to reduce
prescription and to reincorporate some of the
recommendations of the Cockcroft Report (DES 1982) that
had become lost owing to the focus on numeracy skills
and written tests. There is a renewed emphasis on
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problem-solving process both in functional real-world
mathematics and in pure mathematical investigation. There
is also, for the first time, inclusion of some work on
mathematics in relation to its history and place in the wider
culture. However, the Secondary National Strategy
framework still exercises great power at Key Stage 3 and
does not reflect the emphases of the new curriculum.

2.3.2 England: the primary curriculum

There were two reviews of the whole primary school
curriculum in England, both reporting in 2009. One was a
fundamental review of primary education, funded by a
private foundation and therefore independent of
Government. Known as the Cambridge Primary Review, it
considered, in addition to the curriculum and assessment,
a wide range of matters relevant to children’s primary
education. This extensive exercise began in 2006 and the
final report was published in 2010 (Alexander 2010).

Meanwhile, in January 2008, the previous Government
launched a separate review of the primary curriculum in
England. Its terms of reference, set by the Secretary of
State of the Department for Children, Schools and Families,
made clear that the focus was solely on the curriculum and
excluded assessment, testing and all other aspects of
primary education included in the Cambridge Primary
Review. Given the inherent link between the curriculum
and assessment, this inevitably meant that the Rose
Review was unable to address many of the causes of
dissatisfaction with the National Curriculum in England.

In November 2009 the Department for Children, Schools
and Families announced the new National Curriculum,
based on the Rose Review recommendations, organised
around ‘Understanding English, Communication and
Languages’; ‘Mathematical understanding’; ‘Scientific and
technological understanding’; ‘Human, geographical and
social understanding’; ‘Understanding the arts’; and
‘Understanding physical development’. The proposals
(Balls 2009) set out what children should be taught in each
of these areas at ‘early’, ‘middle’ and ‘later’ stages. The
new curriculum also set out ‘Essentials for learning and
life’ (literacy, numeracy, ICT capability, learning and
thinking skills, personal and emotional skills and social
skills). The Programmes of Study at Key Stages 1 and 2 in
science and technology and mathematics, as at Key Stage
3, incorporated, in comparison with the curriculum being
replaced, less prescription and more process-rich work,
both interdisciplinary and within the subjects. Although
implementation was planned for 2011, the legislation
required to bring this into effect was not passed before the
6 May 2010 General Election, and the new Conservative—
Liberal coalition Government has dismissed the
proposals.1?

12 The Government formally announced its decision to abandon the Rose
Review proposals on 7 June 2010. For more information, see http://
www.education.gov.uk/news/news/nationalcurriculum, accessed on
9 June 2010.
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2.3.3 Northern Ireland

The revised Northern Ireland Curriculum has been
designed to address a number of problems and limitations
associated with its earlier formulation. Its statutory,
subject-based, structure was considered inappropriate by
primary teachers and inflexible by secondary teachers and
the prescribed programmes of study were overburdened
with content. Consequently, the revised Northern Ireland
Curriculum, as it applies at Key Stages 2 and 3, aspires to
flexibility, relevance and connectedness. It emphasises
the explicit development of ‘cross-curricular’ skills
(‘“Communication’, ‘Using mathematics’ and ‘Using ICT’),
thinking skills and personal capabilities.

The primary curriculum is set out as six ‘Areas of Learning’,
among which are ‘Mathematics and Numeracy’ and ‘The
World Around Us’ (TWAU), the latter focusing on the
development of knowledge and skills in relation to
Geography, History and Science and Technology. The
statutory requirements of TWAU prescribe that teachers
should enable children to develop knowledge,
understanding and skills in relation to ‘four inter-related
strands’, namely ‘interdependence, place, movement and
energy and change over time’. Therefore, science is no
longer identified as a separate subject and its content is
only minimally specified.

Within the revised Northern Ireland Curriculum there is
strong encouragement for teachers to integrate
‘Assessment for Learning’ (AfL) into their practice. Schools
are required to assess pupils’ progress, with reference to
Levels of Progression, in Communication, Using
Mathematics and Using ICT. There are no formal ‘end of
Key Stage’ tests for mathematics or science. Furthermore,
with effect from 2010, it is not currently the policy of the
Department of Education to include academic criteria in its
recommended admissions criteria for transfer from primary
to post-primary schools nor is it providing ‘transfer’ tests
and procedures to support their inclusion. Nonetheless, a
selective system is still in place and the selection process
has a dominating role in Key Stage 2 assessment.
Grammar schools have formed consortia to devise and
administer entrance tests. While these include an
assessment of mathematical ability, unlike those they
replace, they do not include an assessment of science.

The secondary curriculum at Key Stage 3 is set out as
seven Areas of Learning, among which are ‘Science and
Technology’ and ‘Mathematics’. The statutory
requirements for science prescribe that teachers should
enable pupils to develop knowledge, understanding and
skills in relation to scientific methods of enquiry and to the
themes of ‘Organisms and health’, ‘Chemical and material
behaviour’, ‘Forces and energy’ and ‘Earth and Universe’.
In addition, learning in science is expected to make a
contribution to the development of ‘cross-curricular’ and
‘thinking’ skills, to personal capabilities and to a number of
‘key elements’ of the curriculum such as personal health
and ethical awareness. The substantial reduction in
prescribed content and the discontinuation of the formal
Key Stage 3 tests afford teachers freedom to focus on
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topics and issues they consider of specific interest and
relevance to their pupils.

2.3.4 Scotland

In 2003, the Scottish Executive (now the Scottish
Government) established a Review Group to identify the
purposes of education 3-18 and principles for the design
of the curriculum. The initial report, A Curriculum for
Excellence, was published in 2004 and identified the
values, purposes and principles which should underpin the
curriculum 3-18. In addition to longer standing principles
of curriculum design, such as breadth, coherence and
progression, were added challenge and enjoyment,
relevance, depth and personalisation and choice. Whereas
earlier curriculum developments had focused on specific
stages (5-14, 14-16, 16-18, etc), Curriculum for Excellence
set out to provide a progressive learning experience for all
children and young people from the time they entered pre-
school until they left secondary school.

The curriculum in science, mathematics (and numeracy)
and other curriculum areas is set out as statements of
‘experiences and outcomes’ from ages 3-15. The
statements, which are more generic and less prescriptive,
are expressed in a user-friendly way to reflect what
children and young people should have experienced and
be able to demonstrate in a variety of ways. The science
guidelines take account of recent advances in science and
provide increased emphasis on social, moral and ethical
issues. The revised guidelines in numeracy and
mathematics provide increased emphasis on the relevance
of mathematics for life and application of mathematics in
practical contexts.

The Scottish Government has indicated that the Scottish
Survey of Achievement will be adapted and fully aligned
with Curriculum for Excellence in order to continue to
monitor standards of performance, but only in literacy and
numeracy.

2.3.5 Wales

Responsibility for education was devolved from 1999 to
the Welsh Assembly Government (WAG). Almost
immediately, reviews were initiated into the content and
operation of the National Curriculum and its associated
regimes of testing in the core subjects. For pupils in the
Foundation Phase (three to seven year olds)—not to be
confused with the Foundation Stage in England—the
expectations for science and mathematics are specified in
‘Knowledge and understanding of the world’ and
‘Mathematical development’, two of seven ‘Areas of
Learning’.13

At both Key Stages 2 and 3, the statutory Programme of
Study for science is presented in two categories: Skills

13 See http://wales.gov.uk/dcells/publications/policy_strategy_and_
planning/early-wales/whatisfoundation/foundationphase/2274085/
frameworkforchildrene.pdf?lang=en
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(communication, enquiry, developing and reflecting) and
Range (interdependence of organisms, the sustainable
Earth and how things work). A similar structure applies to
mathematics at Key Stages 2 and 3, with Skills (solving
mathematical problems, communicating mathematically,
reasoning mathematically) and Range (number, measures
and money, shape, position and movement, handling data
and the addition of algebra at Key Stage 3).

For both science and mathematics the Welsh Assembly
Government, through its Department for Children,
Education, Lifelong Learning and Skills (DCELLS), has
provided all schools with detailed guidance indicating
progression from the Foundation Phase to Key Stage 3.

2.4 National assessment and testing

2.4.1 England

The Education Reform Act of 1988 (legislation which
referred to both England and Wales) made provision not
only for the National Curriculum but also for statutory
‘assessment arrangements’ to cover the years of
compulsory schooling (ages 5-16) including reporting at
ages 7, 11, 14 and 16. A Task Group on Assessment and
Testing (TGAT), set up to develop the arrangements,
recommended that there should be emphasis on the
formative use of assessment!* and that: ‘The national
assessment system should be based on a combination of
moderated teachers’ ratings and standardised assessment
tasks’ (DES/WO 1988, paragraph 63). It proposed that the
national assessment should be reported for individual
pupils in terms of Levels achieved for each subject. In
practice, although the recommendations were largely
accepted by Government, what gradually emerged was a
system of externally set end-of Key Stage tests for Key
Stages 1, 2 and 3 in the core subjects only (GCSE served
the purpose of end of Key Stage 4 assessment). The
formative purpose was diminished and teachers’
judgements were downgraded by the decision that test
data would override teachers’ assessment where there was
disagreement between the two. Although teachers’
assessment was the basis for reporting in years between
the ends of Key Stages, optional tests for these years and
for other foundation subjects were created by the QCA.

The publication of test results was included in the
legislation from the start of national testing, consistent with
the view that national testing is ‘an important means of
driving up standards’ (House of Commons 2008,
paragraph 17). The mechanism for this impact was a
framework of targets and performance tables. During its
inquiry into testing and assessment, the Children, Schools
and Families Select Committee (House of Commons 2008)
received submissions from several key organisations, not
least the Association for Science Education (ASE) and the
Mathematical Association, disputing the role of tests and

14 Formative, as opposed to summative, assessment is used by teachers
to help inform pupils’ ongoing learning rather than measure their
attainment outcomes at a point in time.
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targets in raising standards and pointing out the impact on
teaching and pupils’ enjoyment of learning of enforced
compliance to meet targets.

When first introduced, national tests and tasks were
externally set but marked by teachers using local
moderation, but after a teacher boycott of national
assessment in the early 1990s, the Government accepted
that all tests at Key Stages 2 and 3 would be externally
marked. Tests in science at Key Stage 1 were abandoned
after trials and, from 2005, only teachers’ assessment
results were reported, although teachers were required to
use some tests in English and mathematics to inform their
judgements. Tests of speaking and listening were dropped
from English at Key Stage 2 and the balance between
skills-based and knowledge-based questions in the science
and mathematics tests was changed in favour of
knowledge. In part, this change occurred as a result of the
move to pencil and paper only tests with no practical
assessments. The importance being given to test results,
as the measure of school effectiveness, inevitably
influenced the curriculum experienced by pupils (Alexander
& Hargreaves 2007). In science in Year 6, and often in
earlier years, transmission of factual information replaced
practical enquiries (Wellcome Trust 2005). In mathematics
investigation and practical problem-solving virtually
disappeared and, especially in Year 6, practise for short test
questions predominated.

Initially, since the end-of Key Stage 3 results were not
considered high stakes, there was less effect of external
assessment on the early secondary curriculum. But the Key
Stage 3 results came to be used increasingly for evaluative
purposes, with optional external tests available each year
allowing, as at primary level, tracking procedures for
monitoring individual progress by sub-Levels. This meant
that teaching in Key Stage 3 was becoming increasingly
test oriented. Tests at Key Stage 3 were terminated in 2008
following major problems in the external marking and the
decision that they were no long needed.®

Until 2009, children at the end of Key Stage 2, in Year 6,
took written tests in mathematics, English and science. In
2009 it was announced that science tests would be
replaced by moderated teachers’ assessment. In reading,
writing and mathematics, materials have been developed
by the QCDA (Assessing Pupils’ Progress) to help teachers
with their periodic assessment for tracking purposes.t®
These provide criteria in the form of ‘assessment foci’
derived from Level Descriptions, guidance and some
worked examples to help in standardising judgements.

15 Reasons given by the Secretary of State for changes to the assessment
and testing arrangements at Key Stage 3 were that they were no longer
needed to meet the three principles underpinning external testing: that
it should give parents the information they need to compare different
schools, enable head teachers and teachers to secure the progress of
every child, and allow the public to hold national and local government
and governing bodies to account on the performance of schools.

16 The QCA became the Qualifications and Curriculum Development
Authority (QCDA) in 2009.
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Meanwhile piloting has been going on of single level tests
in mathematics and English, which can be taken when a
pupil is judged to be ready. They have been abandoned at
Key Stage 3 but in mathematics in 2010 schools in the pilot
have been allowed to use the results of these tests for
reporting at age 11 without taking the national tests. They
therefore may well replace the national tests in all schools
shortly. However they carry the risk of spreading test
preparation throughout Key Stage 2.

2.4.2 Northern Ireland

Although during the period 1990-2007, the Northern
Ireland Curriculum for science and mathematics paralleled
quite closely the National Curriculum for science and
mathematics, their assessment arrangements showed
greater divergence.

The Education Reform (Northern Ireland) Order had, as part
of its provisions, the requirement that pupils’ progress in
the specified Programmes of Study be assessed and
reported at or near the end of each Key Stage. Following
the formulation, and sometimes piloting, of a number of
trial schemes, the final scheme for Key Stages 1 and 2
involved teacher assessment in English and mathematics.
At Key Stage 3, there was teacher assessment and end-
of Key Stage tests in English, mathematics and science,
with the tests taking precedence over the teacher
assessment.

Unlike England, then, Northern Ireland Curriculum
assessment arrangements did not have standardised tests
in science at the end of Key Stage 2. There was,
nevertheless, high-stakes testing. The possibility of basing
the selection procedure at age 11 on the national
assessment arrangements was explored but considered
to have too many technical difficulties. Instead, starting

in the school year 1993/94, a new form of transfer test
was introduced, based on written tests in English,
mathematics and, for the first time, science, as defined in
the statutory Key Stage 2 Programmes of Study. This
served to secure science a prominent place in the primary
curriculum (at least for those taking the transfer tests).

It also served to diminish the quality of that science
experience for some children.

Reports by the Inspectorate (DENI 1996; ETI 1999, 2001),
supported by research (Harland et a/. 1999; Murphy &
Beggs 2003), drew attention to the distorting effects of the
perceived demands of the transfer tests. Preparation for
these tests was seen, in some schools, to result in an over-
emphasis on the children’s acquisition of science
knowledge, some of which was too advanced for children
at Key Stage 2, at the expense of their participation in
practical activities aimed at promoting understanding.
Similarly, the impact of tests at Key Stage 3—a statutory
requirement from 1996—was investigated in a major
research study. Though pupils, by their own admission,
were motivated to learn by the tests, nonetheless, it was
concluded (Harland et a/. 2002, p. 277) that they had,
overall, ‘a deleterious effect on the curriculum ... with ...
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continuity and progression, balance, relevance and
manageability all disturbed for the sake of assessment’.

2.4.3 Scotland

National tests in reading, writing and mathematics were
introduced for P4 and P7 pupils in March and April 1991.
There was significant opposition to national testing and,
following a period of consultation, revised arrangements
were set out in 1992 that allowed teachers to determine
when to test individual pupils at particular levels. There
was no national testing in science.

In order to monitor standards over time, the Scottish
Survey of Achievement (SSA) was developed and
introduced to replace the AAP. Each year, the SSA
assessed the performance of a random sample of
schools and pupils at P3, P5, P7 and S2 in English
language (2005), social subjects (2006), science (2007)
and mathematics (2008), as well as a range of core skills.
Over the period during which AAP surveys were conducted
in mathematics and science, standards achieved were
broadly satisfactory at P5 and in need of significant
improvement at later stages.

2.4.4 Wales

The national assessment arrangements in Wales were the
same as those in England for the most part, until the
establishment of the Welsh Assembly Government (WAG)
in 1999 and the 2002 Education Act which devolved all
educational decisions concerning Wales in the 1988 Act to
the WAG. Immediately science and mathematics tests at
Key Stage 1 were ended and reviews of the National
Curriculum assessment were set up (ACCAC 2004). These
reviews recommended the phasing out of testing at the
end of Key Stages 2 and 3 from 2005 with the continued
reporting of end of Key Stage assessment based on
moderated teachers’ judgements of National Curriculum
Levels.

2.5 Summary of key developments

1. In the relatively short time since 1988 there has been
considerable change in the governance of education
and its assessment throughout the UK. From being
wholly responsible for their curriculum content and
methods, schools are now required, or in the case of
Scotland expected, to teach the knowledge and skills
set out in national curricula or guidelines. Further, in
England, a programme and methods for teaching
mathematics are set out in the primary and
secondaryNational Strategies, which are being
abolished in 2011.

2. The first national curricula for England, Wales and
Northern Ireland were very similar to each other,
identifying science and mathematics as separate
subjects, whilst in Scotland science was part of
Environmental Studies and only later were separate
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guidelines produced for science and the other subjects
grouped under this title.

It was difficult for the early drafts to find the right
balance of ensuring learning opportunities for all pupils
and allowing flexibility to meet the needs of different
pupils and schools, a balance which changed as
teachers became accustomed to meeting national
requirements. Therefore the curricula in all nations
were constantly revised, both in structure and content,
throughout the 1990s and early 2000s. Changes made
in science, particularly at the primary level, were
greater than in mathematics.

Curriculum changes since 2007, in Northern Ireland
and Wales, emphasise thinking and learning skills,
problem solving and the use of ICT within broad areas
of understanding rather than separate subjects. While
little change is expected in mathematics, in relation to
science at the primary level there is concern that, in
the new curricula of these nations, its position appears
to have become less secure and the impact on the
gains made in the past two decades in relation to
recognition of the importance of science needs to be
watched.

The national testing arrangements were a key factor in
teachers’ response to the national curricula in the
1990s and frequent changes were made in the testing

The Royal Society

methods and arrangements. Where results were
published and used to evaluate schools, or where they
contributed to a procedure for selecting pupils for
grammar school places, the tests had a controlling
impact on content and teaching methods and on the
motivation of some pupils.

6. The use of test results for monitoring national
performance was followed by the abandonment of
the APU, which sampled performance in science,
mathematics and language in some detail in the 1980s.

7. Assessment practices among the nation states
diverged following devolution, with Northern Ireland,
Scotland and Wales relinquishing tests in favour of
moderated teachers’ assessment. England is moving
more slowly in this direction, retaining testing in
mathematics at the age of 11, but developing
alternatives for science at age 11 and for both subjects
at Key Stage 3. These include in 2010 a sample survey
in science at age 11 that assesses a wider range of
performance indicators and is less intrusive than
population tests.

We now turn, in Chapter 3, to consider the changes in
pupils’ attainment, as measured by national tests and
assessment, that have taken place during these
developments in national curricula and assessment
arrangements.

Science and mathematics education, 5-14 | July 2010 |11



12 | July 2010 | Science and mathematics education, 5-14 The Royal Society



3 Attainment trends in science and
mathematics among 5-14 year olds
In schools across the UK

3.1 Introduction

This chapter examines attainment trends in 5-14 national
assessments and surveys of pupil attainment in primary
science and mathematics that have been conducted across
the UK during our focus period 1998-2009. We begin by
looking at the range and quality of information available
from the UK’s national educational authorities, before
turning our attention to the attainment trends themselves.

Throughout this time, a system of end-of Key Stage testing
has been maintained in England, Northern Ireland and
Wales,!” together with teacher assessment, as the best
yardstick for measuring and monitoring the success of
primary/early secondary education in these nations,
although the emphasis on national testing has decreased,
particularly in the latter two nations. By contrast, in
Scotland pupils have been selected for testing when they
were considered to be ready, and results were used as a
mechanism for confirming teacher assessment judgements.

Where they have been used, huge reliance has been
placed on national tests, and the ramifications for schools,
parents and pupils have been enormous. While ‘league’
tables comparing schools’ performance in national tests
have been abolished in Northern Ireland and Wales, they
have been retained in England as an instrument to help
drive up standards.

Notably, the tests have been administered under the
assumption that they provide an accurate and appropriate
vehicle for measuring children’s progress. In the light of
examining the observed trends, this assumption is
questioned.

3.2 The range, quality and nature of data
provision in the UK’s administrations
‘State of the nation’ reports are primarily concerned with

examining data in the public domain. Therefore, the
attainment data reported in this chapter originate either
from publicly available statistical publications or other
online data produced by the national educational
authorities. The exception is Northern Ireland (which does
not make such information public), where comparable
information was obtained by direct request to the
Department of Education.

There is potential for conducting a much more rigorous
analysis of the detailed data contained in the National Pupil
Database (England and, separately, Wales), but practical

17 These tests are colloquially known as Standard Assessment Tasks or
Standard Attainment Tests (SATS).
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constraints precluded this. Consequently, this task was
approached very much from the perspective of a public
‘user’ of information. The observations that follow describe
briefly the nature of the data encountered and highlight
any particular difficulties or concerns that arose in the
course of locating and examining these from the
perspective of data presentation and management.

3.2.1 England

The Government’s education department!® provides
regular bulletins on pupils’ attainment in Key Stage tests
and public examinations. During 1998-2009, data on
attainment at Key Stages 1 to 3 were published in a
combination of annual reports and more frequently
produced statistical first releases (SFRs).° The quantity,
diversity and detail of information included in the SFRs
have greatly increased during this period, partly on account
of the inclusion of contextual value-added data (a policy
not followed in other UK nations).2® At the same time the
complexity of the Statistical First Releases has increased
with the addition of value-added data, the primary purpose
of these being a school effectiveness measure to identify
which schools enable their pupils to make greater progress
after taking account of their prior attainment.

Useful as these publications undoubtedly are, they may also
be problematic. While subsequent sections of this chapter
and its accompanying Electronic Appendix (see http://
royalsociety.org/education-policy-projects/) more or less
explicitly evidence the problems listed below, examples of
these problems are provided here (i) in order to illustrate the
sorts of difficulties faced in building up a clear and accurate
picture of simple attainment in Key Stage 1-3 tests during
this time-period; and (ii) not to distract attention from
discussion of the issues described by the data.

a) The presentation of equivalent data within these
publications has changed, sometimes with notable and

18 Between 1998 and 2009, the Department has changed its name from
the Department for Education and Employment to the Department for
Education and Skills (in 2001) to its current designation as the
Department for Children, Schools and Families (in 2007).

19 SFRs are one of the principal mechanisms by which government
communicates new statistical information to public users. They have
been described as ‘the most public face of the government statistical
service’ (Statistics Commission 2008a), and the public relies heavily on
them for consistent and reliable information.

20 Basic value added groups together pupils with the same prior
attainment at the end of one Key Stage and assesses the amount of
progress they have made by the end of the next Key Stage. Contextual
value added (CVA) builds on this by controlling for other factors that
influence pupils’ progress (eg special educational needs, gender and
neighbourhood deprivation). CVA is designed to provide a measure that
enables a meaningful comparison between schools with very different
pupil intakes.
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seemingly irreconcilable inconsistencies becoming
apparent.

Examples. Data for maintained schools are sometimes,
but not always, distinguished from data for all (ie
including independent) schools, and percentage data
for boys and girls are sometimes separated, sometimes
not. Both of these problems seem apparent in Key
Stage 1 assessment data (see Electronic Appendix
Tables A3.1 and A3.2). Data are presented for
maintained schools only, as independent schools have
never been required to use the Key Stage tests.

b) There appear to be inconsistencies in the publication of
provisional, revised or final data.

Example. There is a tendency for the Statistical First
Releases (SFRs) for Key Stage 1 to include ‘provisional’
data, and for there to be no ‘revised’ SFR published.
Nonetheless, ‘final’ data for some previous years are
invariably buried in tables detailing the latest
‘provisional’ data available. For instance, SFR 21/2008
contains the provisional results for Key Stage 1 in 2008,
but also includes within this (in table 1) a table giving
‘final’ data on Key Stage 1 results for 2006 and 2007.

c) Data are scattered among publications.

Example. While it is possible to access composite Key
Stage 3 test data results in a single Statistical First
Release (SFR 10/2009), data on Key Stage 3 teacher
assessments for 1998-2009 are scattered among
almost 20 publications (Table A3.3). In addition, data
on the numbers of pupils taking these tests have
sometimes been published separately, and without
obvious good reason, from percentage data on
attainment (eg SFR 29/2006). Furthermore, data on
performance among ethnic minorities are published
quite separately from the data on national
performance, creating an awkward disjunct.

d) Data that should be available appear not to be.

Example. The second page of SFR 22/2004 (dated 24
June 2004) promises that ‘Additional tables of Key
Stage 3 Teacher Assessment results will be available
on the DfES Research and Statistics website shortly’.
However, if these results were once available there,
they appear no longer to be so.?*

e) The success of Internet searches on the Department’s
‘Research and statistics gateway’ depends very much
on what search terms are used.

Example. Figure A3.1 shows the results of undertaking
a simple search for Key Stage 3 data for 2003/04 on
the Department’s ‘Research and statistics’ gateway.
The relevant records displayed on the first page of
results is highly confusing, with the same or similar
records repeatedly occurring amidst a number of
completely unrelated and irrelevant results.

More recently, the former DCSF began producing time-
series data on its website. However, these also vary in their
quality and usefulness. For instance, time-series data on
National Curriculum Key Stage 1 only cover 2000-2004.22
This is surprising given the technical position of science as
a ‘core’ subject within the curriculum. There are also
unexplained differences between the time-series data

and the data in the SFRs, which are highlighted in the
tables in the electronic appendix. Although these
differences may be of the order of a single percentage
point, and not statistically significant, their occurrence
nonetheless can undermine confidence and trust in the
data. It seems likely that the differences may result from
using data for all schools as opposed to maintained
schools only. If so, this should have been made explicit so
as to avoid confusion.

Ultimately, our analysis of the Department’s data reveals
that its tradition of publishing different data at different
times in different formats in a diffuse manner creates
potential for confusion. It is notable that in relation to this,
while the Statistics Commission praised the Department
for introducing ‘value added’ measures of performance, it
also made clear that ‘the statistical outputs, in their current
form and with the present levels of support, are not yet
reaching some sections of the potential audience as
effectively as they might’ (pp. 3-4) and recommended
that ‘... the producers of statistics should re-assess
whether the scope and nature of existing ... reports and
other outputs ... are likely to meet the needs of the full
range of potential users’ (p. 12) (Statistics Commission
2005, 2008).

Recommendation 1

The Department for Education should carefully review
its data publishing protocols with a view to ensuring its
releases of Key Stage 1-3 attainment data are clearly
and consistently presented, conducive to facilitating
comparisons over time. In particular, it should consider
dispensing with provisional and revised data, and
commit only to publishing final data. Otherwise, it
should adopt a consistent approach to publishing, and
clearly distinguishing, these different types of data in
its publications, and ensure that users can locate

them easily. Adopting the second alternative would
necessitate the removal of provisional data from open
access once they have been superseded, in order to
reduce the risk of confusion.

3.2.2 Northern Ireland

The data used for this report were received via direct
request to the Department of Education Northern Ireland
(DENI), which does not make any Key Stage assessment
data available on its website. If it were to do so, as England
and Wales have done, then it would need to ensure that

21 See http://www.dcsf.gov.uk/rsgateway/DB/SFR/s000473/index.shtml,
accessed on 2 February 2010.
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22 See http://www.dcsf.gov.uk/trends/index.cfm?fuseaction=home.
showIndicator&cid=5&iid=29, accessed 27 January 2010.
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such data are published to allow useful historical
comparison.

3.2.3 Scotland

In Scotland, a system of national surveys has been
preferred to annual measures of performance adopted
across the rest of the UK. These surveys, which drew on
data collected from all local authorities, were obtained
through the Scottish Government’s website.

3.2.4 Wales

Statistics on performance in Key Stage tests in Wales were
sourced through the StatsWales website, a free service that
allows a user to view and manipulate official data covering
pupils in Local Education Authority (ie maintained) schools.
The Key Stage 1 to 3 data on this website date back to
1999, and appear to be final data, though this does not
appear to be clearly stated. It was possible to gain data for
1998 (pre-Devolution) to 2008 from the PDFs of the
generically entitled ‘National Curriculum assessment results
in Wales’, available on the Welsh Assembly Government’s
website, which also appear to contain final data.

Finally, it is worth noting that the old DCSF website
currently contains PDFs of the annual volumes, ‘Education
and training statistics for the United Kingdom’.23 For the
purposes of this study, only non-English data provided by
DENI, the Scottish Government and the Welsh Assembly
Government were used.

3.3 Attainment trends in England

3.3.1 Mechanisms of assessment

As described in Chapter 2, the statutory Programmes of
Study dictated what should be taught for each of the
National Curriculum subjects, and the Attainment Targets
set out what should be assessed. At the start of our
timeline, broader and more straightforward Level
Descriptions had replaced the old Attainment Targets

and the number of Levels had been reduced from ten to
eight (Table 3.1).

These Levels were designed to capture individual student
attainment in a way that, scaled up, would enable
comparisons to be made at local, regional and national
levels. They have been used both by teachers to define
the Level a student has reached (teacher assessment) and
for national tests at the end of Key Stages 1, 2 and 3.

These individual Attainment Targets have become the
basis for Public Service Agreements, first introduced for
education by the Government in 2000 as a means to drive
up educational standards and for its performance to be
publicly accountable (Table A3.4). Notably though, it

23 A final check of the Department for Education’s website http://www.
education.gov.uk/ was conducted on 7 June 2010.
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remains unclear precisely how these targets were
formulated.

3.3.2 Attainment trends in science and
mathematics at Key Stage 1 in maintained

schools (England)
There have been a number of important changes to Key
Stage 1 during the past decade. A revised National
Curriculum was introduced into teaching from August
2000, to align with the requirements of the National
Literacy and Numeracy Strategies. In May 2003, the
Government announced that national testing at
Key Stage 1 would be scaled back in favour of an
enhanced emphasis on teacher assessments.

Tables A3.1 and A3.2 show teacher assessment and
national test data, respectively, for pupils achieving at or
above the Level they are expected to have reached at the
end of Key Stage 1. It is important to note that national test
data for mathematics and English are very similar to the
teacher assessment data, but publication of these data
was phased out by the DfES (as it then was) after 2004
because of a change in policy that required schools to
report teacher assessment results only. However, as
Brown has noted, these teacher assessments have been
mostly informed by summative task/test activities
undertaken by pupils (Brown 2007). For this reason, only
teacher assessment data are considered.

Throughout our time-period science at Key Stage 1 has
only been tested through teacher assessment (science
tests were dropped as far back as 1994). The trends for
teacher assessment show consistently that while across
all subjects the great majority of pupils have attained or
exceeded the expected Level, higher percentages of pupils
have attained or exceeded the expected Level in science
and mathematics than in English (reading and writing;
Figure 3.1). The trends also show that Levels of attainment
have remained very constant, varying by no more than

5% across the time-series, as well as a tendency for
attainment to level out across all subjects since 2005.

3.3.3 Attainment trends in science and

mathematics at Key Stage 2 (England)
Figure 3.2 compares attainment at or above Level 4 (the
expected Level) in Key Stage 2 teacher assessments
and national tests in science and mathematics,
respectively.

National test trend data during these years show a 19 point
increase in the numbers of pupils gaining or exceeding the
expected Level of attainment (Level 4) in science, although
the majority of this increase (a 15 percentage point rise)
was reported between 1998 and 2000, apparently
reflecting the impact of the National Numeracy Strategy,
introduced in 1999 (Jones 2002). This seems plausible, for
although the Strategy was non-statutory, most schools
adopted it. Certainly Ofsted put the improved performance
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Table 3.1. Levels in the National Curriculum.

Level 8 or higher

Level 7

®| @

Level 6

Level 5

@ | ®

Level 4

Level 3

Level 2

©|e
(O NORNONNO)

o|®

Level 1

O|l0O|O0O|O0O|O® |6

Key Stage (age at
time of test)

Key Stage 1 (age 7)

Key Stage 2 (age 11)

Key Stage 3 (age 14)

Age of students 5-7

7-11

11-14

School years land?2

3-6

7-9

Key to symbols. O, working towards the expected level; ®, achieved expected level; @, exceeded the expected level; ®, considerably

exceeded the expected level.

in this interval down to the Strategy, which together with
the associated National Literacy Strategy, it claimed had
‘had a considerable impact on the primary curriculum’ and
led to ‘an overall improvement in the quality of teaching’ in
these subjects (Ofsted 2003, p. 17). Even so, Ofsted’s
conclusions were based on evidence drawn from
investigation of 300 primary schools, which is equivalent to
about 2% of the number of primary schools in England at

the time. The same report noted that, nationally, the
Government’s 2002 target for attainment at Level 4 in Key
Stage 2 mathematics (75%) had been undershot by 2%.
Nonetheless, international surveys of mathematical
achievement indicated a considerable and significant
improvement in mathematics. England’s score of 531 in
the Third International Mathematics and Science Survey
(TIMSS) was a 47 point increase on its 1995 score and was

Figure 3.1. Percentages of all pupils attaining Level 2 or above in Key Stage 1 teacher assessments (TA) in science,

mathematics and English (England, 1998-2009).
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Source: DCSF.
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Figure 3.2. Percentages of all pupils attaining Level 4 or above in Key Stage 2 teacher assessments (TA) and national tests

(NT) in science and mathematics (England, 1998-2009).
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Source: DCSF.

the largest increase recorded of any of the 15 nations that
participated in both the 1995 and 2003 studies (Whetton
et al. 2007).

Although Key Stage 2 targets for English and mathematics
were introduced in 1997, no equivalent target for science
was set (Plewis & Goldstein 1998). Neither was the
National Science Strategy introduced, as might have been
expected given the ‘core’ nature of science in the
curriculum and the introduction of strategies for the other
core subjects of English and mathematics. However,
greater percentages of pupils gained Level 4 in Key Stage 2
science tests than in English and mathematics, as Torrance
(2002) noted, the Government’s externally commissioned
evaluation of the National Literacy and National
Mathematics Strategies was at a loss as to how to explain
this. It therefore remains a point of contention as to
whether or not the National Strategies may be credited
with improving attainment in science.

Between 2000 and 2006, test attainment in science at or
above Level 4 fluctuated, averaging 86%, before
increasing to 88% in 2007 and remaining constant
thereafter (Figure 3.2; Table A3.5). Teacher assessment
data for science show a similar trend, although attainment
was consistently judged to be lower than that observed
through testing. Likewise, attainment trends in
mathematics for both teacher assessment and national
tests are very similar and closely match the pattern seen
for science, but attainment at or above Level 4 has
consistently been scored lower in mathematics than in
science (the gap averaging 7.1 percentage points for
teacher assessment and 11.5 percentage points for
national tests from 1998 to 2009). Attainment at or above
the expected Level has generally been slightly higher
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(averaging 0.8% during 1998-2009) in mathematics than it
has been in English (data not shown).

However, it is important to note that the published data for
2008 onwards are affected by the removal of borderlining,
a process involving rechecking only papers that fall just
below the grade boundary, which results in a certain
amount of grade inflation. The Department has estimated
that since 1999, the mean impact of borderlining across all
Levels for Key Stage 2 are increases of 1.2 percentage
points in English, 0.2 percentage points in mathematics
and 0.6 percentage points in science.?* It has been
estimated that between 1996 and 2008, borderlining led
to 300,000 pupils being upgraded.?®

3.3.4 Attainment trends in science and

mathematics at Key Stage 3 (England)
Between 1998 and 2009,%6 Key Stage 3 attainment through
teacher assessments in science, mathematics and English
rose 16, 15 and 15 percentage points, respectively, an
average of just over 1% per year. The increase, as
measured through national test results up to 2008, was
less in science and English. In the interval between the
revision of the National Curriculum and the implementation

24 See http://www.dcsf.gov.uk/rsgateway/AssessmentAndMarkingProcess
Changes1.0.pdf, part of SFR 32/2009), accessed on 18 February 2010.

25 See http://www.telegraph.co.uk/education/2281562/Government-
blamed-for-exaggerating-Sats-test-marks.html, accessed on 18 February
2010.

26 Following the undermining of confidence in marking the 2008 Key
Stage 3 tests in England, in SFR 20/2008 the Department claimed that
the provisional national results were ‘more than sufficient[ly]’ reliable,
with coverage at 84% for English and 94% for science and
mathematics. Later that year, the Secretary of State abolished national
tests at Key Stage 3.
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Figure 3.3. Percentages of all pupils attaining Level 5 or above in Key Stage 3 teacher assessments (TA) and national tests

(NT) in science and mathematics (England, 1998-2009).
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of the (non-statutory) Key Stage 3 Strategy in 2002,
attainment at or above Level 5 (the expected Level) in Key
Stage 3 in tests and teacher assessments across all three
subjects increased gradually, and although attainment
across all these subjects continued to increase after 2002,
it did so at much the same rate (Figure 3.3; Table A3.3).
National test data for science record a slight dip two years
after the Strategy was introduced, and teacher assessment
data indicate that the percentage of pupils attaining Level
5 or above in mathematics rose 7% in the five years prior
to the Strategy being introduced and only by a further 5%
in the following five years, remaining constant (at 79%)
since 2007.

The Government’s national targets, originally set in 2000,
to be met by 2007, of 85% achieving Level 5 in English and
mathematics were missed by a large margin, as were the
intermediate milestones it set for 2004 of 80% achieving
Level 5 in mathematics and 75% achieving the same Level
in English.

According to the Next steps targets, established in 2006
following the launch of the Government’s Science and
Innovation Investment Framework two years previously,
the Government sought to make science a priority in
schools and to ‘continually improve the number of pupils
getting at least level 6 at the end of Key Stage 3’ with a
view to ‘from 2008 for all pupils achieving at least Level 6
at Key Stage 3 to study three separate science GCSEs, to
increase progression to, and attainment at, A level science’
(HMSO 2006, p. 39). Assessment data for 2008 and 2009
indicate that 41% and 46%,2” respectively, of all pupils
gained this standard, but it is unclear how many of these
quarter-of-a-million or so individuals have been able to take

27 DCSF Statistical First Releases SFR 20/2008, table 3 (provisional data)
and SFR 30/2009, table 5. Data for 2008 are test data, data for 2009 are
teacher assessment data.
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advantage of the triple science entitlement, and what
procedures have been put in place to measure attainment
at or above Level 6 following the Government’s decision in
2008 to scrap Key Stage 3 testing.

3.4 Attainment trends in Northern Ireland
3.4.1 Attainment trends in mathematics at Key

Stages 1 and 2 (Northern Ireland)
As was reported in Chapter 2, within the Northern Ireland
curriculum only English and mathematics have been
assessed at Key Stages 1 and 2, and monitoring of these
has been conducted and reported through teacher
assessment alone. At Key Stage 1, the attainment trends
show a consistently high level of performance in
mathematics (and also English), with an average of 95%
of pupils attaining or exceeding the expected Level over
the ten years for which data are available (Figure 3.4;
Table A3.6).

Figure 3.5 shows that from 1998 up until 2006 attainment
at or above the expected Level at Key Stage 2 increased
gradually in both subjects, there being an 8 percentage
point increase in mathematics and an 11 percentage point
increase in English (see also Table A3.7). Since 2006,
progress in both subjects stalled and in 2008 and 2009
continued to increase slowly. Throughout this time-period,
attainment in mathematics at or above the expected

Level has consistently been greater than in English,
though the gap in attainment between the two subjects
has narrowed.

3.4.2 Attainment trends in science and mathematics

at Key Stage 3 (Northern Ireland)
The results of Key Stage 3 teacher assessments in
Northern Ireland were first recorded in 1999, and teacher
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Figure 3.4. Percentages of all pupils attaining Level 2 or above in Key Stage 1 teacher assessments (TA) in mathematics and
English (Northern Ireland, 1998-2009).
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Source: DENI.
assessment data have been recorded since then. Testing percentage points) was made between 1999 and 2006,
became optional from 2007, and no official data appear to and the fall back since then was less than that observed
have been recorded for 2009. Figure 3.6 shows attainment in science. Mathematics attainment increased modestly
in Key Stage 3 in teacher assessments in English, throughout the period, but only by a total of three
mathematics and science, and permits comparison with percentage points. National test data closely match those
national test results in these subjects. for teacher assessment, although they are generally lower

than the latter across all three subjects, the exceptions
being in 2002 and 2006, when attainment at or above the
expected Level in mathematics tests was one percentage
point higher than was measured by teacher assessment.
For more information, see Table A3.8.

During the 11 years of teacher assessment, attainment at
or above the expected Level in science rose by five
percentage points up to 2006, and subsequently fell back
to the level last seen in 2002. A similar trend is observable
in English, although the same degree of gain (of five

Figure 3.5. Percentages of all pupils attaining Level 4 or above in Key Stage 2 teacher assessments (TA) in mathematics and
English (Northern Ireland, 1998-2009).
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Figure 3.6. Percentages of all pupils attaining Level 5 or above in Key Stage 3 teacher assessments (TA) and national tests
(NT) in science, mathematics and English (Northern Ireland, 1998-2009).
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3.5 Attainment trends in Wales
3.5.1 Attainment trends in science and

mathematics at Key Stage 1 (Wales)
As Figure 3.7 illustrates, from 2002, statutory National
Curriculum tests/tasks were abolished at the end of
Key Stage 1 in Wales, leaving teacher assessment as the
only form of statutory assessment in use. Science was
only ever assessed by teacher assessment. Owing to
the differing availability of national test versus teacher
assessment data, the following commentary focuseson
the latter.

The trends for teacher assessment show that the
percentages of pupils attaining at or above the expected
Levels in science rose by just five percentage points
between 1998 and 2009, while the equivalent data for
mathematics and English indicate an overall increase of
just three percentage points (see also Table A3.9).

3.5.2 Attainment trends in science and

mathematics at Key Stage 2 (Wales)
Figure 3.8 shows attainment trends in core science,
mathematics and English for end-of Key Stage 2 tests and

Figure 3.7. Percentages of all pupils attaining Level 2 or above in Key Stage 1 teacher assessments (TA) and national tests

(NT) in science, mathematics and English (Wales, 1998-2009).
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Source: WAG.
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Figure 3.8. Percentages of all pupils attaining Level 4 or above in Key Stage 2 teacher assessments (TA) and national tests

(NT) in science, mathematics and English (Wales, 1998-2009).
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teacher assessments in Wales. It shows that the
percentages of pupils attaining or exceeding the expected
Level have consistently been highest in science (regardless
of whether teacher assessment or test data are examined).
Nonetheless, the highest percentage point increase in
attainment occurred in mathematics for which an 18
percentage point gain was recorded between 1998 and
2009, respectively three and two percentage points more
than that recorded for science and English over the same
period (Table A3.10).

3.5.3 Attainment trends in science and
mathematics at Key Stage 3 in maintained

schools (Wales)
A year after the Welsh Assembly abolished national
testing at Key Stage 2 it dispensed with testing at Key
Stage 3. As a result, only teacher assessment data have
been recorded from 2006 onwards. Figure 3.9 shows the
percentages of pupils gaining or exceeding the
expected Level in core subjects at Key Stage 3.28 It shows
a close match between national test and teacher
assessment data for the same subject. The teacher
assessment data show that, generally speaking, more
pupils gained or exceeded Level 5 in science than was
the case in other subjects. Overall, the percentage point
increases in teacher assessments between 1998 and
2009 were 16, 10 and 9 for science, mathematics and
English, respectively (see Table A3.11).

28 Data for Welsh medium tests are not included.
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3.6 England, Northern Ireland, Wales: cross-
comparisons in science and mathematics
attainment

As chapter 2 has clearly shown, the history of national

curricula in the UK and the assessment systems that have

developed alongside them is complex. There has been little
stability overall, with frequent changes in policy that have
seen the educational systems of the four UK nations
increasingly diverge, the rate of separation accelerating
with the devolvement of powers to the Welsh and

Northern Ireland Assemblies.

Given these circumstances, like-for-like comparisons of
attainment across England, Northern Ireland and Wales are
not possible and even comparisons of trends therefore
need to be undertaken with caution. The circumstances (eg
geographical, demographic and political) within each of
these nations differ substantially. Educationally, ‘local’
versions of the English National Curriculum have operated
in Northern Ireland and Wales and there have been
differences both in the operation of national testing across
the three nations and in the training teachers received for
teacher assessment. Further, during the period under
comparison, Key Stage 1 covered a period of four years’
schooling in Northern Ireland (Years 1 to 4), but only three
years’ schooling in England and Wales (Reception, Year 1
and Year 2). It is also worth drawing attention to the fact
that the data for England show that the focus of testing
and teacher assessments has changed over time with,
rather strangely for instance, spelling apparently only being
specifically tested in 2001 and 2002 (Table A3.3).

Nonetheless, it is interesting to compare the attainment
patterns observed. Figures A3.2-A3.7 combine the
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Figure 3

.9. Percentages of all pupils attaining Level 5 or above in Key Stage 3 teacher assessments (TA) and national tests

(NT) in science, mathematics and English (Wales, 1998-2009).
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information in the preceding sections, and show plots of
attainment trends in teacher assessments across the three
nations, for which more extensive data exist. Figure A3.2
shows that teacher assessments in Key Stage 1 science
closely match across England and Wales, though it seems
that while performance at or above the expected Level was
measured to be slightly higher in England pre-2006, from
2008 onwards this situation reversed. In mathematics at
Key Stage 1, the numbers of pupils gaining or exceeding
the expected Level in Northern Ireland were consistently
between four and eight percentage points higher than that
in England and between six and nine percentage points
higher than in Wales for all years for which data are
available (Figure A3.3). (Although not shown here, an even
higher level of performance is observed in English teacher
assessment data for Northern Ireland compared with that
in England and Wales, the differential being between 10
and 13 percentage points.)

In Key Stage 2 science, teacher assessment results show
that performance at or above the expected Level in both
Wales and England followed a similar trajectory, increasing
year on year from 1998 to 2001 in both nations, with
progress slowing thereafter, first in England and then in
Wales (Figure A3.4). In mathematics, the measured Level
of performance increased in each nation. However, the rate
of progress slowed after 2001 with generally single
percentage point increases being achieved, and after 2006,
performance fell across all three nations in 2007 and
recovered thereafter (Figure A3.5). Again, though, the
performance at or above the expected Level is similar
across all three nations, and becomes more similar over
time.

Figures A3.6 and A3.7 compare performance at or above
the expected Level in Key Stage 3 teacher assessments in
science and mathematics, respectively. In science,
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performance across all three nations improved up to 2006,
but faltered in Northern Ireland and Wales in 2007, before
recovering thereafter. In mathematics, attainment in
England at or above the expected Level gradually increased
throughout the time-period under consideration, while in
Wales gradual increases occurred between 1999 and 2005,
after which it fluctuated, reaching a new zenith in 2009. In
Northern Ireland, performance has fluctuated since a peak
was reached in 2002.

The 2% point improvement in Key Stage 2 English and
mathematics teacher assessments in Wales between 2007
and 2009 and the 1% increase in science are not especially
convincing, but a research study indicated that teachers

in Wales believed that abolishing the national tests had
had a positive impact on teaching science at Year 6, with
teachers beginning to deploy ‘a broader range of teaching
strategies’ and embrace the new requirements for
summative teacher assessment (Collins et a/. 2008).

3.6.1 Differences in attainment of boys and girls
in Key Stage teacher assessments across

England, Northern Ireland and Wales
Table 3.2 provides a breakdown of differential performance
at four year intervals during the years 1999-2007 in teacher
assessments between girls and