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ABSTRACT

This account explores how, for Year 8 pupils from a large comprehensive school, the introduction of the Key Stage 3 National Strategy for Mathematics has affected both

1. their attitudes to mathematics and

2. their experiences of mathematics teaching.

Data were collected from two groups of pupils using a questionnaire.  The first (Year 8: 2001-2002) had not been formally affected by the implementation of the Strategy.  The second group (Year 8: 2002-2003) had been taught in line with the Key Stage 3 Strategy for mathematics from Year 7.  Comparisons were made between the two sets of results. 

The questionnaire consisted of two sections, corresponding to the two areas of investigation:

1. ‘what you think about mathematics’ and

2. ‘maths lessons’.

The first section consisted of eighteen items concerning pupils’ beliefs and feelings about mathematics from the Third International Mathematics and Science Study (Keys et al, 1997).  This enabled comparisons to be made between both samples and the TIMSS’ English results from 1996.  The second section concerned the teaching approaches recommended by the Framework (DfES, 2001).  Four items were from TIMSS, the remaining 23 items were devised to cover all of the approaches to teaching recommended for the Strategy.

There is no evidence from this project that the implementation of the Strategy has had a negative affect on pupils’ attitudes, as had been suggested by some commentators.  In fact, there is some indication that pupils’ attitudes may have improved.  There is evidence from the pupils’ responses that their teachers have started to adopt the teaching approaches recommended for the Strategy, though this varies between the teachers and between teaching approaches.  The attitudes results from this project are more negative than those from TIMSS.  This may

· be a characteristic of the two sample populations, or

· indicate that the TIMSS attitude results have limited relevance to these populations.

These results will contribute to the department’s review of the implementation of the Key Stage 3 Strategy.  INSET will continue to focus on developing effective approaches to teaching, in line with the recommendations of the Framework.  However, in order to avoid overtly mechanistic approaches, departmental members will be encouraged to be flexible and creative in their teaching. 
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INTRODUCTION

The Key Stage 3 National Strategy was implemented in September 2001 with the intention of building on the results of the Literacy and Numeracy Strategies in primary schools.  This was to be achieved by “…drawing on the best practice in secondary schools, experience in the 205 schools that have piloted developments in Key Stage 3, and findings from inspection and research about what helps to raise standards.” (DfEE, 2001: 2).  In the review of the pilot which preceded the introduction of the Strategy (Ofsted, 2002), it is stated that “the aim of the Strategy is to raise standards by strengthening teaching and learning, developing cross-curricular skills such as literacy and helping pupils who come into Year 7 below level 4 to make faster progress” (ibid: 1).  These aims may be summarised as raising standards of attainment in mathematics through the following mechanisms:

1. promoting progression and continuity in the curriculum

2. developing effective and engaging teaching approaches

3. setting challenging expectations

4. training and supporting teachers in developing effective teaching approaches.

Although the implementation of the Strategy is not mandatory, there is an expectation that schools should use the Framework “or be able to justify not doing so by reference to what they are doing.” (ibid: 2). 

The Framework describes ‘ambitious targets’ (ibid: p2) for attainment in the Key Stage 3 National Curriculum tests (75% at level 5 or above by 2004 (TES, 2001d: 8)).  The first target is set for 2004, so there is a three-year delay between the implementation of the Strategy and an evaluation of performance outcomes.  (It will take three years for the first cohort of students to follow the programme of the Framework throughout Key Stage 3.)  Since the results of these tests will be in the public domain, it will be obvious whether or not the targets have been met.  However, it may prove more difficult to evaluate how the Strategy has affected the performance in the tests.  Meeting the targets for the tests will not necessarily imply that standards have been raised for all pupils, it will not even imply that they have been met for the majority.  In its ‘booster materials’ (DfES, 2002b), designed to help pupils prepare for the tests, schools are required to concentrate on those pupils whose attainment can realistically be boosted to level 5.  Thus, it may be possible to achieve the targets by raising the attainment of a minority of pupils. 

As described above, developing effective and engaging teaching approaches is one of the mechanisms offered for raising standards of attainment.  As I describe in the following chapter, the Framework identifies and recommends specific teaching approaches.  Significant sums of money have been provided by the DfEE (and later DfES) to promote these approaches through INSET programmes (overall the Government has planned to spend more than £420 million over three years on implementing the Strategy (TES, 2001b: 19)).  My aim in this research project is to explore how the introduction of the Key Stage 3 Strategy and its associated pedagogy has affected the teaching approaches that pupils experience in a large comprehensive school.  I will also explore how pupils’ perceptions of mathematics and mathematics lessons have been affected by the introduction of the Strategy.  To do this I have investigated pupils’ attitudes and responses to mathematics and their perceptions of the mathematics teaching they experience.

In order to collect the data I devised a pupils’ questionnaire comprising two sections.  The first section, ‘What you think about mathematics’, consisted of 18 questions concerning the respondents’ attitudes to mathematics.  The second section, ‘Maths lessons’ concerned how the pupils perceived the classroom approaches they had experienced.  The questions in the first section were taken from a major international survey, the Third International Mathematics and Science Study, or TIMSS (Keys et al, 1997).  The second section was more specific, focussing on the particular teaching approaches promoted within the documentation of the Strategy (in particular the Framework).  Only four of the TIMSS items addressed the teaching approaches that I had identified for the questionnaire.  I included these items in the second section and devised another 23 items to address the other teaching approaches that I had identified.  There were two reasons for using the TIMSS items.  First, TIMSS items were tried and tested and should help to ensure the reliability and validity of my methods.  Secondly, my results could be compared with national and international results. 

I chose to focus on Year 8 pupils for this project.  In the academic year 2000-2001 the Strategy was in its pilot stage and Year 8 pupils from the sample school were not involved in its implementation.  Pupils from the next Year 8 cohort (in academic year 2001-2002) were subject to the full implementation of the Strategy.  I collected data from most of the members of both Year 8 populations.  This allowed me to compare data from before and after the introduction of the Strategy, drawn from comparable samples.  Although this sample cannot be treated as a representative sample of Key Stage 3 students nationally, I hope that the results of the investigation may offer illumination and evaluative insights into the implementation of the Strategy.

In the following account I will:

1. examine the factors that contributed to the introduction of the Key Stage 3 Strategy

2. examine the aims and curricular and pedagogical implications of the Strategy

3. review the literature concerning the Strategy and pupils’ perceptions of mathematics and mathematics teaching

4. describe my methodology

5. describe how the research project was designed and piloted

6. analyse the data for the first group of Year 8 pupils

7. analyse the data for the second group of Year 8 pupils

8. compare these two sets of data, to investigate changes in pupils’ perceptions of maths and maths teaching since the launch of the Strategy

9. present my conclusions and evaluate the research project.

10. offer a brief, personal, postscript to the account of this project

CHAPTER ONE

THE INTRODUCTION OF THE KEY STAGE 3 STRATEGY FOR MATHEMATICS 

1.1
The Historical Background

There has been public criticism of the standards of mathematical attainment and teaching within the education system in England and Wales for more than a hundred years.  The focus of much of this criticism has been on ‘poor standards’ of arithmetic.  These criticisms have been accompanied by adverse comparisons with standards in other countries (Ernest, 2000: 19-21).  Her Majesty’s Inspectorate of Schools (HMI) reported poor results in arithmetic in 1876.  “In arithmetic, I regret to say worse results than ever have been obtained…the failures are almost invariably traceable to radically imperfect teaching” (Cockcroft, 1982: xii).  A decade later, a Royal Commission reported lower standards of education than in Germany.  This reflected fears originating from the time of the Great Exhibition in 1851, some 30 years earlier, that Germany was outstripping Britain in science and technology (Ernest, 2000).  These concerns persisted throughout the 20th century.  In 1925, a Board of Education report highlighted “some uneasiness about the condition of arithmetical knowledge and teaching at the present time…accuracy in the manipulation of figures does not reach the same standard which was reached twenty years ago…” (Cockcroft, 1982: xii).  A Mathematical Association report of 1954 stated that “The standard of mathematical ability of entrants to trade courses is often very low…(they) have hazy ideas on some very easy arithmetical processes, and retain no trace of knowledge of algebra, graphs or geometry, if in fact they ever did possess any” (ibid: xii).  In 1964, the First International Mathematics Study (FIMS) measured mathematical attainment in ten different countries.  The results of this survey indicated that English pupils were less successful than pupils from many of England’s economic competitors (Howson, 1989).

1.2 Contemporary Concerns about Standards

Criticisms came to a head in 1976, in a speech by the then Prime Minister, James Callaghan at Ruskin College (Callaghan, 1976).  In his speech, Callaghan said “I am concerned on my journeys to find complaints from industry that new recruits from the schools sometimes do not have the basic tools to do the job that is required” (ibid: 12).  Dealing with mathematics in particular, he said, “There is concern about the standards of numeracy of school leavers.  Is there not a case for a professional review of the mathematics needed by industry at different levels?” (ibid: 12).  This expression of dissatisfaction with the outcomes of the education system initiated what became widely known as the ‘Great Debate’, concerning educational standards and the educational needs of society and industry in particular.  The ‘Great Debate’ took place in a climate affected by the continued diminution of Britain’s economic status since the 1939-1945 war, the loss of lucrative colonial power and difficult labour relations in the 1960s and 1970s.  Despite these contributory factors, Callaghan expressed a popular belief that poor standards in education in general, and in mathematics in particular, were major factors in the nation’s industrial ills.  These concerns were heightened by indications that English pupils were performing less well in mathematics than pupils from many other countries, including economic competitors.

The issue of standards in mathematics (and, in particular, numeracy), continues to have political importance.  Consequences of poor standards are identified both for individual citizens and for the state.  Tikly (2000: 25) describes the view that “the levels of mathematical knowledge of the majority of the British population deprives individuals of career opportunities and is producing an increasing deficit in industry, finance and society of the sort of mathematical thinking that is required to maintain and develop mathematically based systems”.  In a recent article in the Guardian (Ahmed, 2002: 5), it was claimed that “Britain’s under-educated workforce costs this country £15 billion every two years.”  Later in the article, the costs of a limited education are identified in lost earnings over an individual’s lifetime.

From this brief historic account, three sections of society can be identified as having vested interests in ensuring high standards of mathematics education: the state, industrialists and the workforce.  The interests of these three groups are inter-connected and are dependent on economic success.  Hence, from this perspective, political interest in standards of mathematics education may be seen as largely motivated by economic concerns.

Callaghan’s speech was followed by a Government report in 1977, which called for an inquiry into the teaching of mathematics.  This was established in 1978 under the chairmanship of Dr W H Cockcroft (1982).  Its terms of reference were “To consider the teaching of mathematics in primary and secondary schools in England and Wales, with particular regard to the mathematics required in further and higher education, employment and adult life generally, and to make recommendations” (ibid: ix).  The report refers to “the volume of complaints which seemed to be coming from employers about lack of mathematical competence on the part of some school leavers” (ibid: 12).  To address this, employers’ views were canvassed.  The committee found “little real dissatisfaction” (ibid: 13) with the mathematical capabilities of school leavers, except in the retail trade and in engineering apprenticeships.  The committee went on to analyse the mathematics that was required by industry.  Paragraph 458 of the Report (ibid: 135-140), provides a foundation list of mathematical topics to be studied by all pupils, drawing upon this analysis.  The following year ‘Blueprint for Numeracy: An Employer’s Guide to the Cockcroft Report’ (DES, 1983) was published.  This initiative, concerning numeracy, and addressing the needs of industry, may be seen as a forerunner of the present Strategy.

Despite the Cockcroft Report and its recommendations, dissatisfaction with mathematics education continued.  The results of international surveys continued to indicate that England and Wales were not performing well.  The results of SIMS (Second International Mathematics Study, carried out in 1981) were described as “deeply disappointing and disturbing” (Howson, 1989: 9) and “confirmed other comparative studies” (including those of the Assessment of Performance Unit in the UK) (ibid).  England was the only country to record lower levels of mathematical attainment in all four divisions of SIMS than in its forerunner, FIMS (First International Mathematics Study).  The poor English performance was most pronounced on the arithmetic and algebraic items which were “particularly weak” (ibid: 10): statistical and geometric items were tackled more successfully.  It must be noted however, that there are reasons to question the validity and reliability of these results since many of the items did not match the English curriculum well and there were problems with the English sample (ibid).  During 1994 and 1995, the Third International Mathematics and Science Study (TIMSS) collected data from forty five countries on pupil attainment and related background factors, such as home and school experiences in mathematics, and instructional practices (Beaton et al, 1996).  One of its main findings was that “students in England achieved relatively high mean scores in science and relatively low mean scores in mathematics” (Keys et al, 1997: ii)

In 1996, the year that TIMSS first reported, the National Numeracy Project (NNP) was launched, initially to support the teaching of numeracy in primary schools (DfEE, 1998a: 12).  At the same time several other projects started, with similar aims.  These included the Barking and Dagenham Project, The Hamilton Maths Project and The Mathematics Enhancement Programme (ibid).  A major part of the work of the NNP was the development of a Framework for teaching.  Before the introduction of the Strategy, the National Curriculum set out programmes of study for Key Stages 1 and 2, around which schools planned their own schemes of work.  The Framework was designed to supplement these programmes of study, giving teaching objectives for each year and recommending effective teaching methods.  This initiative was well received by primary teachers and was acknowledged by the Numeracy Task Force (a body established by the DfEE, chaired by Professor David Reynolds).  In its plans for the implementation of the National Numeracy Strategy, the Task Force in turn recommended that the Framework should be available to all primary schools (ibid: 15).

1.3
The National Numeracy Strategy
In its final report (ibid: 2), the Numeracy Task Force recommended the implementation of the National Numeracy Strategy, referring specifically to primary, middle and special schools.  Among its recommendations were:

· daily mathematics lessons

· whole class teaching for a high proportion of each lesson

· a strong emphasis on oral and mental work 

· the Framework should be sent to every school

· schools should review current practices against the Framework recommendations

· staff, including classroom assistants, should be trained for the Strategy 

· numeracy targets should be set for LEAs and schools.

The Strategy was implemented in primary schools in September 1999, following a pilot the previous year, and training during the summer term.  The central mechanism for this was the Framework for teaching mathematics from Reception to Year 6 (DFEE, 1999), developed from the framework used in the NNP.

1.4
The Key Stage Three Strategy for Mathematics
Secondary schools were kept informed of the development of the Strategy through LEA advisory services.  LEAs started training secondary mathematics teachers in 2000, using materials published by the DfEE (2000a).  This training reviewed the implementation of the Strategy in primary schools, provided information on the pilot in secondary schools and started to prepare the way for the full implementation of the Key Stage 3 Strategy.  The pilot began in April 2000 and ran until March 2002 (Ofsted, 2002).  Training for selected staff from 205 schools from 17 LEAs started in the summer term of 2000, in preparation for the classroom implementation of the pilot the following September.  At the same time, a first draft of the Framework was published for Key Stage 3 (DfEE, 2000b).  A revised version (DfEE, 2000c) was made available to pilot schools in September 2000.  Outside of the pilot, a number of schools adopted elements of the Framework in their teaching of Key Stage 3 mathematics prior to the full national implementation of the Strategy.

Towards the end of 2000 and the beginning of 2001, reports were beginning to appear of the success of the Strategy in primary schools.  In his final press conference as Chief inspector of Schools, Chris Woodhead praised the Numeracy Strategy (TES, 2000a).  Ofsted inspectors commented on its “profound impact on schools” (ibid).  In the TES (2000b), it was noted that “by far the most dramatic improvement has come in primary schools during the past two years.  The rise of 13 percentage points in Key Stage Two National Curriculum tests scores since 1988 is undoubtedly due to the new National Numeracy Strategy…The pressure is now on secondary schools to accelerate their more modest rate of improvement".  Declarations of the success of the Strategy in primary schools coincided with expressions of discontent about standards in Key Stage 3.  These concerns increased in the light of the results of the TIMSS Repeat, a re-run of the survey using the original TIMSS items in 1999 (Ruddock, 2000).  The TES reported “The Government’s standards drive has so far failed to narrow the gap in maths between 14-year-olds in Britain and their counterparts in countries such as Singapore, Hungary, Canada and Russia.  Maths skills among English 14-year-olds tested in 1999 have barely changed since the last survey in 1995.  However these pupils have not benefited from the Government’s Numeracy Strategy” (TES, 2000c: 11).

The implementation of the Key Stage 3 Strategy was announced early in 2001 (TES, 2001a: 17), before it had been in use in the classroom for a school year, and prior to the formal evaluation of its first year.  Even before the announcement, concerns were expressed about the hurry to implement the Strategy (Mathematics Association, 2000; TES, 2001c).  I will discuss these concerns in section 3.2.

The Key Stage 3 Strategy was presented as an extension of the successful National Numeracy Strategy into the secondary phase.  Writing in February 2001, Michael Barber, the head of the DfEE’s Standards and Effectiveness Unit, stated: “The case for a wide-ranging and ambitious strategy to transform early secondary education is well understood by many heads and teachers…We have to build on the primary achievement and tackle the ‘fresh start’ attitude and the lack of challenge in year 7 for some pupils” (TES, 2001a: 17).  He concluded, “If all middle and secondary schools adopt the National Strategy with the same alacrity and skill seen in the pilot schools, we have every reason to expect rapid and substantial progress.  By 2004, 14-year-olds who have benefited from both the primary and the KS3 programme should be achieving standards far higher than ever before.” (ibid: 17).

The documentation made available to secondary mathematics teachers in the summer of 2000 prior to the introduction of the Key Stage 3 Strategy (DfEE, 2000a) referred to findings from the research into cross-phase transition and associated challenges.  These included:

· improving the continuity of teaching approaches, both cross-phase and within Key Stage 3

· the rejection of a ‘fresh start’ approach at the beginning of Key Stage 3, which was felt to be an obstacle to progression

· tackling the “drop in both motivation and performance of youngsters in the early part of secondary education” described by David Blunkett, the then education minister, in the North of England Education Conference in January 2000 (TES, 2001a: 17).

In April 2001, five months before the full implementation of the Key Stage 3 Strategy, the final version of the associated Framework (DfEE, 2001) was published.  References to the Framework throughout the remainder of this account refer to this version.

CHAPTER TWO

THE FRAMEWORK AND THE AIMS AND PEDAGOGY OF THE KEY STAGE 3 STRATEGY FOR MATHEMATICS

In the previous chapter, I described the historical background and the political context against which the Key Stage 3 National Strategy for Mathematics was introduced.  In this chapter, I will first describe the important role of the Framework in the implementation of the Strategy, then I will summarise the aims, curricular implications and the pedagogy associated with the Strategy.

2.1 The Framework

The importance of the Framework as the main mechanism for implementing the Strategy was demonstrated by the emphasis given to it in the initial training sessions.  In his foreword, David Blunkett refers to it as “a vital part of a comprehensive support package available to teachers and headteachers…The Framework is proving to be a valuable resource in pilot schools…” (DfEE, 2001: foreword).  The Framework is not statutory: however, schools must justify not using it, ‘by reference to what they are doing’(ibid: 2).  In other words, a school’s practices will be compared with those recommended in the Framework.  The Framework is a vital part of the Strategy, setting-out recommended practices for schools (against which they will be judged) and a valuable resource, the most important source of guidance for teachers in preparing for the implementation of the Strategy.  In this section I will review the Framework, concentrating in particular on the aims, curricular implications and recommended teaching approaches identified in it.

The Key Stage 3 Framework may be seen as the continuation of the principles and approaches of the primary phase Numeracy Strategy Framework (DfEE, 1999: 11) into the next phase of schooling.  The format and content of each is similar.  There are common themes running through both frameworks.

· the three part lesson

· guidance on teaching strategies (with a focus on direct teaching and mental and oral work)

· a progressive approach to calculation strategies, developing from informal approaches to standard pencil and paper algorithms

Similar sections of the Numeracy and the Key Stage 3 Frameworks illustrate the coherence and continuity between the approaches recommended in each.  Both frameworks have similar sections on numeracy, (DfEE: 1999: 4 & DfEE, 2001: 9) followed by almost identical sections on approaches to calculation.  The section of the Key Stage 3 Framework dealing with Introducing and developing algebra (ibid: 14), draws heavily on the content of the section of the Numeracy Framework entitled Laying the foundations for algebra (DfEE, 1999: 9).  Both frameworks have similar sections entitled Teaching strategies (ibid: 11 and DfEE, 2001: 26) and both frameworks deal with teaching-time, direct teaching, typical lessons, homework and out-of-class activities.

In addition to the common themes listed above, both frameworks include:

· details of main learning objectives

· details of progression through the National Curriculum programmes of study

· guidance on inclusion and differentiation, assessment and planning

· teaching programmes

· comprehensive supplements of examples to support the teaching programmes.

(It is worth noting that both the English (DfEE, 2001e) and Literacy (DfEE, 1998c) frameworks are similar in content, though without the supplements of examples.)

Inevitably, there are differences between the frameworks, reflecting the differences in curriculum organisation between the two phases and the increasing mathematical maturity of the pupils in Key Stage 3.  A change in nomenclature indicates an important shift of emphasis between the two frameworks.  Whereas primary schools have a Numeracy Strategy, in Key Stage 3 there is a mathematics component of a Key Stage Strategy.  Similar cross-phase distinctions exist for literacy and English.  At Key Stage 3, numeracy and literacy are treated as whole-school issues within the frameworks for mathematics and English respectively.  At the time of writing, there is no indication that the primary strategies will eventually become Key Stage Strategies.  It is possible to draw two inferences from this:

the primary curriculum has a specific focus on numeracy and literacy, whereas in Key Stage 3 the programme of study takes into account broader aspects of both mathematics and English.

the change of name indicates a progression from the initial concerns of the Strategy in primary schools (improving standards of numeracy and literacy) towards the general management of Key Stage 3 pedagogy.  The Key Stage 3 Strategy applies across the whole curriculum, with Science becoming involved from April 2002 and ICT and foundation subjects from September 2002 (Devon Curriculum Services, 2002b).

At the launch of the Numeracy Strategy, the primary Framework (DfEE, 1999: 11) identified four underlying principles for numeracy:

1. daily maths lessons

2. direct teaching

3. controlled differentiation

4. mental and oral work.

These principles are incorporated within the Key Stage 3 Framework as recommendations concerning teaching strategies (DfEE, 2001: 26).  (The first of these principles cannot be applied directly to Key Stage 3 because of the differences between the management of the curriculum in primary and secondary schools.  Instead, schools are expected to ensure that there is “sufficient timetabled teaching time for mathematics” in Key Stage 3(ibid: 26).)

Four important principles underlying the Key Stage 3 Strategy are listed in the Framework (ibid: 2).

“Expectations 
establishing high expectations for all pupils and setting challenging targets for what they can achieve.

Progression 
strengthening the transition from Key Stage 2 to Key Stage 3 and ensuring progression and continuity in teaching and learning across Key Stage 3.

Engagement
promoting approaches to teaching and learning that engage and motivate pupils and demand their active participation.

Transformation
strengthening teaching through a programme of professional development and practical support.”

In the following section I will examine how the Framework addresses each of these principles.

2.1.1
Expectations

High pupil and teacher expectations for achievement are central to the Strategy.  This should be manifest in the challenge and pace of lessons and progression through learning objectives.  The fundamental mechanism for measuring the success of the Strategy (and hence the government’s effectiveness in raising standards) involves target-setting.  Following the model of the primary Strategy, the Key Stage 3 Framework refers to ambitious targets (DfEE, 2001: 2).  Although these targets are not specified in the Framework itself, they were identified in the draft as 75% at level 5 or above by 2004, rising to 85% by 2007 (DfEE, 2000c).  These figures were confirmed in an announcement early in July 2001 (TES, 2001d: 4).  (The delay in specifying these targets may have been the result of political expedience; the final version of the Framework was published a few weeks before the June 2001 election, the targets were published a few weeks after the election.).  In turn, LEAs are required to set annual targets to contribute to national targets and schools are required to set their own targets to fit in with those of the LEA.  Similarly, teachers are expected to “use pupils’ contributions to assess their strengths and difficulties, to set group and individual targets for pupils to achieve and plan the next stage of work” (DfEE, 2001: 6).  The importance to the Strategy of individual target setting is illustrated by Ofsted’s (2002) review of the pilot, which identified this as an area for improvement (ibid: 6, 11 & 16).

2.1.2
Progression

The Strategy was launched amid concerns about a lack of continuity and progression from Key Stage 2 into Key Stage 3, as I described in the previous chapter (section 1.4).  One concern was that schools were operating a clean sheet approach to the detriment of their pupils (i.e. choosing not to take account of information from primary schools in planning for pupils’ learning in Year 7): “A ‘clean-sheet’ approach is too slow, and allows pupils to coast or to fall back when they need to be challenged" (DfEE, 2001: 39).  The Framework advises Year 7 teachers to ‘survey’ information about incoming pupils in order to plan work and to derive priorities for the cohort.  After a few weeks, teachers are expected to devise more specific targets for their Year 7 pupils.  To support continuity in pupils’ experience of mathematics teaching, the Framework recommends very similar teaching approaches for both Key Stages 2 and 3.  To guide mathematics departments as to the how students should progress, the Framework describes the expected progression of “middle attainers” (ibid: 47) through the Key Stage 3 National Curriculum, using detailed yearly teaching programmes and key objectives for each of years 7, 8 and 9.  Further support for planning for progression is provided in the form of supplementary information concerning the key objectives for Years 5 and 6 and extension material for Year 9.  The teaching programmes in the Framework are arranged to correspond with National Curriculum levels according to the following pattern (ibid: 4).

Table 2.1.2: School Year and National Curriculum Level

	Year 5
	Revision of level 3, but mainly level 4

	Year 6
	Consolidation of level 4, and start on level 5

	Year 7
	Revision of level 4, but mainly level 5

	Year 8
	Consolidation of level 5, but start on level 6

	Year 9
	Revision of level 5, but mainly level 6; extension objectives at level 7, with some at level 8


Previous versions of the National Curriculum did not attend to yearly programmes of study; this was left to individual schools.  The extra guidance provided by the Framework both eases cross-phase transfer between schools and helps departments to build in consistency and progression within Key Stage 3.  (This may be seen as reducing the autonomy of individual teachers and departments and as a move towards prescription and central control of the curriculum.  (I will deal with this in greater depth in section 2.2.2.)

2.1.3
Engagement

Teachers are responsible for establishing high expectations of pupils and coherence of the teaching programme.  However, it is the pupils who learn.  The engagement and motivation of pupils in their learning of mathematics is a fundamental element in this process. The teaching approaches recommended by the Framework to promote pupils’ active engagement are summarised as:

· “a high proportion of direct, interactive teaching;

· engagement by all pupils in tasks and activities which, even when differentiated, relate to a common theme;

· regular opportunities to develop oral, mental and visualisation skills.” (DfEE, 2001: 26).

These recommended teaching approaches also underlie the National Numeracy Strategy in primary schools (DfEE, 1999: 11 and Thompson, 2000: 23), and may be interpreted by some as indicative of an intention to establish a uniform and coherent approach to teaching mathematics across Key Stages 1, 2 and 3.

The Framework recommends a particular structure for mathematics lessons: the three-part lesson (DfEE, 2001: 28).  These lessons have a clear beginning (an oral and mental starter), a clear middle (the main teaching activity) and a clear end, (a plenary).  This structure allows teachers to prepare pupils for the intended learning outcome, to teach them and finally, to review their learning.  The three-part lesson is described in more detail later in this chapter, in section 2.4.4.

2.1.4
Transformation

The Framework uses the term transformation to describe the process of strengthening teaching and learning through professional development and practical support for teachers.  This programme of professional development and practical support is being managed by LEAs.  LEAs also manage the allocation to schools of their share of £82 million of Standards Funding for the introduction of the Strategy into Key Stage 3 (TES, 2001a).  INSET funding for staff training was also devolved from the LEAs to schools.  In addition to this, LEAs were required to identify those schools in their areas that would benefit from extra support.  These support schools received money for additional training (Devon Curriculum Services, 2002a).  This money was spent on a programme of conferences, supply cover to allow internal INSET and support from Numeracy Consultants (specially appointed to provide the practical support referred to above).  The INSET provided by LEAs (ibid) initially concentrated on:

· introducing the Strategy to mathematics departments

· helping inexperienced or non-specialist teachers to adapt their teaching approaches to reflect those recommended in the Framework

· assisting teachers in planning lessons within the format offered by the Framework

· preparing those students who had failed to meet the expected level of attainment at the end of Key Stage 2 for progress tests at the end of Year7.

2.2
The Aims of the Strategy

The introduction to the Framework refers to the challenge of building on the success of the Strategy in Key Stages 1 and 2.  “The National Strategy for Key Stage 3 aims to address this challenge, drawing on the best practice in secondary schools, experience in the 205 schools that have piloted developments in Key Stage 3, and findings from inspection and research about what helps to raise standards” (DfEE, 2001: 2).  In its evaluation of the pilot of the Key Stage 3 Strategy, Ofsted described the following as its aims:

1. “To raise standards by strengthening teaching and learning,

2. developing cross-curricular skills such as literacy and numeracy and

3. helping pupils who come into Year 7 below level 4 to make faster progress.” (Ofsted, 2002:1)

In this section, I will explore the aims underlying the introduction of this initiative.  To do this I will use Government statements and documentation associated with the introduction of the Strategy as well as contemporary media accounts.  (As I explained in chapter one (section 1.2), the Government has a vested interest in the success of the Strategy.  To this end, media accounts are useful, since they provide an indication of the social and political climate in which the Government launched the Strategy.) 

In March 2001, the Government’s Standards and Effectiveness Unit offered the following checklist to describe the Key Stage 3 Strategy:

“It is not:

· complete change

· tinkering at the margins

· boring, reductive and out-of-context basic skills

· just like primary

· just about targets

· just about level 3s

· just about Year 7

It is:

· for all pupils, including the gifted;

· direct action for under-achievers;

· leading-edge training;

· effective consultancy support;

· networking and dissemination of good practice

· active and engaging lessons

· a strategy for the long-term.”

(TES, 2001b: 19).

The same checklist was used at Key Stage 3 Strategy ‘launch conferences’ in May 2001 (DCA, 2001) and offers a useful insight into the aims underlying the implementation of the Strategy.  The first section of this checklist (detailing what the Strategy is not about) addresses important concerns.  The terms numeracy and literacy (central to the primary Strategy) are not used.  This is a reflection of the broader curricular ambitions of the Strategy in Key Stage 3.  This is reinforced by clarifying the differences between the two Strategies (‘it is not just like primary’).  Care is taken not to portray the Strategy as a traditional, back-to-basics initiative, emphasising that it does not advocate a return to boring, reductive or out of context approaches to basic mathematical skills.  The final three points in the first section of this checklist implicitly acknowledge the importance of targets and boosting attainment in Year 7.  However, this statement makes it clear that the Strategy is about more than targets and attainment.  The second section of the checklist describes how the Strategy will operate.  The aims of the Strategy highlighted by this checklist are:

· addressing low attainment

· promotion of active and engaging lessons

· and the provision of a structure for training and support for teachers.

These correspond respectively to the principles of expectation, engagement and transformation emphasised in the Framework (DfEE, 2001: 2).

2.2.1
Raising standards

In chapter one (sections 1.1 & 1.2), I described the history of public concern about standards in mathematics.  The issue of raising standards was an important political consideration in the implementation of the Strategy and, as the quotations at the beginning of this section indicate, is a major aim of the Strategy.  The first section of the Framework to make general recommendations about leadership, management, planning, teaching and assessment (setting the rest of the document in context) is entitled ‘Raising Standards’ (DfEE, 2001: 6).

Although there is no explicit reference to raising standards in the checklist, there is a reference to the importance of setting targets: the Strategy “is not just about targets” (TES, 2001b: 19).  The Strategy may not be solely concerned with targets, however, targets and target-setting are important aspects of the Strategy and provide mechanisms for measuring standards.  As I noted in the introduction, the Government has set ambitious targets for the Key Stage 3 tests in 2004 and 2007 (DfEE, 2001: 2).  The Government’s performance will be judged against these targets.  (David Blunkett, the Secretary of State for Education when the Strategy was launched, was prepared to resign if the Strategy’s targets were not met (Carvell, 1999).  It has been suggested (TES; 2002a) that the resignation of his successor (Estelle Morris) in October 2002 was due, in part, to the failure to meet Key Stage 2 targets for that year.)

Raised standards can be interpreted in different ways; it may refer to raised standards for all, or it may refer to raised standards for a particular subgroup of the population.  The target for Key Stage 3 mathematics can be met by raising the attainment of a minority of pupils.  To increase the percentage of pupils attaining level 5 from 65% to 75%, it is sufficient that an additional 10% of the cohort attains this level in National Curriculum tests.  In preparation for the 2002 Key Stage 3 tests, the Government has made £4500 available to every secondary school for booster classes (DfES, 2002b), a 12 lesson, centrally-prepared programme of revision lessons, directly targeted at pupils who are judged to be capable of attaining level 5 with additional support.  The schools were given clear instructions only to target borderliners (those pupils between levels 4 and 5) (ibid).  It appears that the Government’s priority is to meet (or exceed) its numerical target, rather than attend to the needs of all those pupils whose attainment is below level 5.  The success of the Strategy will be measured against KS3 targets for 2004 and 2007, however the achievement of the Government’s targets does not imply raised standards of attainment for all.  I will return to this point when I deal with critiques of the Strategy in Chapter 3 (section 3.3).

2.2.2
Greater Central Control of the Curriculum and Pedagogy

Target-setting, more detailed annual programmes of study for the National Curriculum, intensive training programmes and the requirement that schools justify their practices by comparison with those recommended by the Framework indicate the Government’s intention of imposing greater uniformity on the mathematics curriculum and pedagogy.  As I noted in section 2.1.2, this appears to be a major aim of the Strategy, although I am unable to find any explicit reference to this in any of the documentation.  At one level, this may be viewed as ensuring that the National Curriculum operates consistently and cohesively across the country.  At another level, it may be viewed as a move to exercise central control over mathematics teaching nationally.  The change from primary Numeracy and Literacy Strategies to the secondary Key Stage Strategy, with its generic principles, is indicative of an intention to address all teaching at Key Stage 3.

2.2.3
Summary: the Aims of the Strategy
The main aim of the Key Stage 3 Strategy is to raise standards of attainment in mathematics.  This is to be achieved by tighter management of the curriculum and the associated pedagogy.  The Framework (DfEE, 2001: 2) describes the mechanisms put in place to do this:

5. Promoting progression and continuity in the curriculum.

The Framework gives a Key Stage 3 programme of study for median attainers in mathematics, which attends to issues of progression and cross-phase continuity.  It also gives advice on how this programme may be adapted for higher and lower attainers.  Thus, the DfES is able to control curriculum content and rates of progression through the curriculum on a national basis.  The adoption of the optional tests at the end of Years 7 and 8 will promote national standardisation of the curriculum.

6. Developing effective and engaging teaching approaches

The Framework recommends particular approaches to teaching (which I will discuss in detail in section 2.4).  In addition to specifying general teaching strategies, the Framework gives guidance on approaches to teaching particular elements of the curriculum (e.g. calculation, proportional reasoning, algebraic manipulation, geometric reasoning etc.).  Training sessions supporting the introduction of the Strategy addressed these curricular approaches (DfES, 2001 & DfES, 2002). 

7. Setting challenging expectations 

In addition to providing a model for progression through the National Curriculum in mathematics, the Key Stage 3 Strategy involves setting progressive attainment targets for the national cohort, schools and individual pupils.  The catch-up programme in Year 7 offers targeted support to help pupils who did not reach the expected standard at the end of Key Stage 2. 

8. Training and supporting teachers in developing effective teaching approaches.

The Government has made available large sums of money to enable training for the Key Stage 3 Strategy.  This training has concentrated on the curricular and pedagogical approaches espoused by Strategy.  In addition, funding has been made available to support cross-phase liaison, to provide consultancy and to allow developmental work to take place within mathematics departments.

In brief, the aim of the Strategy is to raise standards of attainment and ensure a consistency of provision through:

· establishing a programme of study for the Key Stage 3 National Curriculum for mathematics; advising how to address particular areas of the curriculum 

· the adoption of direct interactive teaching as the standard teaching approach

· control and monitoring of progress through the National Curriculum through the use of target-setting

· training teachers to implement the Strategy

2.3
The Curricular Implications of the Strategy

In this section, I will address both the structure of the Strategy’s programmes of study and the main features of the National Curriculum attainment targets algebra, handling data and using and applying mathematics as they are approached in the Strategy. 

2.3.1
Curriculum Organisation
As I noted in section 2.1.2, the yearly teaching programmes for Key Stage 3 are related to National Curriculum levels as indicated in table 2.1.2.  This approach to the curriculum (prescribing that a year’s learning programme should draw its content from one or two specific National Curriculum levels) may be termed levelness.  This is a new approach to the content of the National Curriculum.  The non-statutory guidance to the 1991 version of the National Curriculum (DES, 1991: B2) states: “Pupils both individually and collectively will progress through the levels of the various aspects of the programmes of study at different rates.  Planning based on work at a single level across all the programmes of study should be avoided” (my italics).  In the next chapter (section 3.3), I will argue that levelness encourages a stricter hierarchical approach to teaching and learning than hitherto.  For some schools, this level-by-level approach will necessitate a change in the way programmes of study and schemes of work are organised.  Target-setting, with its focus on National Curriculum levels, will require schools to pay particular attention to the expected outcomes of the programme of study.

The Framework recommends differentiation through offering programmes of study based on the objectives for either older or younger pupils.  In discussing setting, the Framework recommends that higher sets may “work on a programme for an older age group…lower sets may need to work mainly from objectives in the teaching programmes for a younger age group, while keeping in mind the objectives for the appropriate year” (DfEE, 2001: 32).  The management of mixed ability classes through tasks set at three levels is also discussed (ibid: 33).  Nowhere does the Framework indicate a preference for either setting or mixed-ability teaching.  However, there is a strong recommendation that “all pupils work together through the planned programme for their class” (ibid: 28).  As I will discuss in the following chapter (section 3.4), this may raise problems for the students at each end of the attainment range.

In the section of the Framework devoted to Inclusion and Differentiation (ibid: 32), organisational approaches are proposed for accommodating a wide range of pupils’ needs.  It deals with special needs (including pupils with disabilities, able pupils, pupils with English as a second language etc.), with an emphasis on the benefits to be gained from pupils working actively together through an inclusive programme.  It addresses the use of teaching assistants to support particular pupils with special needs.  Prior to the implementation of the Key Stage 3 Strategy, how (and whether) teaching assistants were used to provide learning support was at the discretion of each school.  Part of the funding made available to schools for the implementation of the Strategy was earmarked for providing teaching assistants.  The Framework describes their main role as helping pupils to participate independently in maths lessons (ibid).  Teaching assistants are recommended to support these pupils discretely in the interactive parts of lessons and work with them directly during activities and written tasks.  To achieve this, support staff should have copies of the Framework and should be involved in planning and departmental meetings.

As in the primary Framework, schools are required to target support for pupils who need to catch up (ibid: p34).  In Key Stage 3, these are pupils who failed to attain level 4 at the end of Key Stage 2, but who have been identified as having a realistic chance of attaining this level with extra support in Year 7.  Schools are expected to enter these pupils for progress tests in the spring of Year 7.  Springboard 7 materials have been prepared to support this initiative and funding has been provided for the deployment of classroom assistants to work with these pupils.  Schools have to choose the most suitable form of teaching provision to make for these pupils in their schools (e.g. extra teaching groups, extra classroom support, extra lessons etc.).  In addition, optional tests (aimed at the whole attainment range of both Years 7 and 8) are available in the summer term to assess pupils’ attainment within the National Curriculum (DfES, 2002c).  Effectively, National Curriculum tests now exist for every year in Key Stage 3 (although only the end of Key Stage tests are mandatory).

2.3.2
Curriculum Content

In reviewing the Strategy’s approach to curricular content, I will concentrate initially on numeracy, since approaches to this aspect of mathematics are common to both frameworks and have implications across the breadth of the Key Stage 3 curriculum.  Subsequently, I will outline the main features of the National Curriculum attainment targets algebra, shape, space and measures, handling data and using and applying mathematics as they are approached in the Strategy.

2.3.3
Numeracy
The approaches to calculation recommended in the National Numeracy Strategy (in Key Stage 2) reflect the research into numeracy that preceded its introduction.  Younger pupils are encouraged to develop number sense (Anghileri, 2001), exploiting their familiarity with numbers, their properties and relationships in order to develop flexibility in their approaches to solving number problems.  As in Holland (Beishuizen, 1997), the teaching of standard pencil and paper methods is delayed (in the case of the UK, until Year 4).  However, making informal pencil and paper notes and personal jottings is seen as a staging post to acquiring ‘fluency in mental calculation’ (DfEE, 1998b: 52).  The final report of the Numeracy Task Force states: “Standard written methods offer reliable and efficient procedures…They are of no use, however, to someone who applies them inaccurately, and who cannot judge whether the answer is reasonable…the progression towards these methods is crucial.” (ibid: p52).  This is developed in the Key Stage 3 Framework: “Many countries, and in particular those which are most successful at teaching number, avoid the premature teaching of standard written methods in order not to jeopardise the development of mental calculation strategies.  The bridge from recording part-written, part-mental methods to learning standard methods of written calculations begins only when pupils can add or subtract reliably any pair of two-digit numbers in their heads, usually when they are about nine years old.  Standard methods for addition and subtraction should be well established by Year 6 for nearly all pupils and will be used in Key Stage 3 with an increasing range of numbers and decimals.  But multiplication and division methods will need to be developed further.”(DfEE, 2001: 11).

Although the Key Stage 3 Strategy takes a broader view of mathematics than its primary counterpart, great emphasis is still placed on calculation and numeracy.  There are sections of the Framework devoted to Numeracy and Mathematics, Number: from Key Stage 2 to Key Stage 3 and Mathematics across the curriculum.  The approaches to calculation are a continuation of those used in the earlier phase and are consistent with them.  The conference manual for heads’ of department training in the summer of 2000 (DfEE, 2000a) gives comprehensive coverage of the developmental approaches to calculation espoused by the strategy.  By Key Stage 3, most pupils are expected to have established the standard written methods for addition and subtraction (DfEE, 2001: 11), however multiplication and division methods are expected to require further development.  “The aim is that where appropriate to do so all pupils will use standard written methods efficiently and accurately, and with understanding” (ibid: 11).

The Strategy takes account of the division of the Key Stage 3 curriculum into subject areas by emphasising the importance of mathematics across the curriculum.  (This was the subject of a day’s whole school INSET for all secondary schools in the spring term 2002.)  Heads of department are described as being generally responsible for numeracy across the curriculum (ibid: 7).  This involves working with other departments and areas of the school to share approaches to developing numeracy skills (including the use of resources such as ICT, calculators, etc.).  It also involves liaison with other departments to support teaching and learning in other subject areas.  To support this, the DfES produced materials for the training day, which focussed on the mathematical content of the Key Stage 3 programmes of study for different subjects (DfES, 2001b).  The coordination of teaching programmes is recommended, so that pupils may be introduced to the areas of mathematics required by other subjects in mathematics first (DfEE, 2001: 23), and to help each department identify its contribution to the teaching of numeracy skills (ibid: 9).

2.3.4
The National Curriculum Attainment Targets
I will briefly examine the main features of the Strategy’s approach to each of the National Curriculum attainment targets at Key Stage 3.  As I will demonstrate, forms of representation and the development of reasoning and deductive skills are common themes throughout all four attainment targets.

Algebra

The Framework approaches algebra as generalised arithmetic (DfEE, 2001: 14), with a focus on developing algebraic reasoning.  Emphasis is placed on:

1. generalisations from particular cases

2. the construction and transformation of algebraic expressions

3. the representation of problems and their solutions

4. the development of algebraic reasoning which will eventually lead to more rigorous approaches to proof.

(ibid: 15).

Shape, Space and Measures

There is a focus on geometric reasoning (ibid: 16).  The Framework emphasises the following approaches:

1. the development of geometrical reasoning and deduction

2. the development of dynamic, spatial awareness and construction skills

3. awareness of degrees of accuracy of measurements

(ibid: 17)

Handling Data

There is a focus on making inferences from meaningful data.  The Framework emphasises the following approaches:

1. purposeful enquiry, looking at relevant problems

2. using appropriate samples to make inferences

3. the use of ICT for processing data and for simulation

(ibid: 19)

Using and Applying Mathematics

The Strategy emphasises the importance of developing problem-solving approaches through analytical reasoning and interpretation of data.  The particular skills highlighted are:

1. information processing skills

2. enquiry skills

3. thinking skills

4. reasoning skills

5. evaluation skills

(ibid: 20-22)

The broad themes running across the various mathematical strands of the Key Stage 3 Strategy are:

· the further development of the progressive approach to calculation first developed in the primary Strategy, leading from mental methods and informal jottings towards standard written algorithms in Key Stage 3

· an emphasis on reasoning, proof and justification across all of the mathematics attainment targets of the National Curriculum

· the development of different forms of representations and imagery (mental, on paper and using ICT)

· the development of strategies and mathematical skills for problem-solving 

2.3.5
Summary: The Curricular Implications of the Key Stage 3 Strategy
1. The programmes of study reflect National Curriculum levels, so that teaching programmes progress on a level-by-level basis.

2 Key objectives are identified for each year, creating a much more prescriptive programme of study than that offered previously by the National Curriculum.  This prescription is reinforced by the establishment of targets for the end of Key Stage tests and the introduction of progress and optional tests.

3 The importance of providing differentiated learning experiences is emphasised, however no preference is expressed for either setted or mixed-ability teaching.

4 The Key Stage 3 Strategy continues the approaches to calculation implemented in Key Stage 2 and develops them, leading up to the use of standard algorithms.

5 The Key Stage 3 Strategy addresses the issue of numeracy across the curriculum and the need for schools to establish mechanisms to promote effective teaching, learning and application of mathematics across all subject areas.

6 In the approach it adopts to the content of the National Curriculum, the Strategy places particular emphasis on:

· representation

· proof

· problem-solving and

· the use of ICT

7
The Framework recommends the use of teaching assistants to support particular pupils needing special help to participate fully in lessons.

2.4
The Pedagogy of the Strategy

One the two aims of this research project is to explore pupils’ perceptions of teachers’ classroom practice before and after the implementation of the Key Stage 3 Strategy.  (The other aim is to explore how the implementation of the Strategy has affected pupils’ attitudes.)  In this section, I will attempt to give a comprehensive account of the pedagogical recommendations of the Strategy.  I will refer to these specific approaches to teaching in gathering the data for my research.  I will leave consideration of the evidence supporting the adoption of these approaches until the next chapter (section 3.5 & 3.6) where I will also address critiques of these approaches.

2.4.1
Direct Interactive Teaching
The approach to teaching recommended in the Framework is direct teaching (DfEE, 2001: 26), sometimes referred to as direct, interactive teaching.  This involves working with the whole of the class for a high proportion of the lesson, the lively participation of the pupils and an emphasis on mental and oral mathematics.  It should be “oral, interactive and lively…It is a two-way process in which pupils are expected to play an active part.” (ibid: 26).  These approaches are justified by reference to Ofsted findings and school improvement research (ibid: 6).  Some commentators challenge the robustness of the empirical evidence underpinning these approaches; I will review this evidence in the next chapter (section 3.5, p56).  The Framework recommends a balance of the following strategies for ‘good direct teaching’ (ibid: 26).

1. Directing and telling.

Making teaching objectives explicit to the class, highlighting particular issues.

2. Demonstrating and modelling

Describing aspects of mathematics and showing pupils how to approach mathematical tasks using appropriate resources.

3. Explaining and illustrating

With an emphasis on accuracy, pace and context.

4. Questioning and discussing

Using appropriate questioning strategies to involve all pupils in class discussions, using pupils’ responses to promote greater understanding.

5. Exploring and investigating

Encouraging pupils to pursue their own lines of enquiry, to look for generalisations or counter-examples and to consider different forms of representation.

6. Consolidating and embedding

Practising, reinforcing, developing and extending what has been taught.

7. Reflecting and evaluating

Reviewing pupils’ work offering feedback and asking pupils to justify their methods and identify mistakes and misconceptions.

8. Summarising and reminding

Reviewing what has been taught and what has been learnt, at (or towards) the end of the lesson.  Identifying and rectifying misconceptions, highlighting key points and considering how ideas may be developed.

2.4.2
The Three Part lesson

In addition to approaches to teaching, the Framework also recommends a particular lesson structure: the three-part lesson.  This is described as “…‘a beginning, a middle and an end’, in which you explain to pupils and prepare them for what they are to learn, teach it to them, then help them to recognise what they have achieved”  (DfEE, 2001: 28).  This structure may be summarised as:

1 An oral and mental starter

whole-class work to rehearse, sharpen and develop mental skills.

2 The main teaching activity

direct interactive teaching involving teaching input and pupil activities: work may be for the whole-class, groups, pairs or individuals.

3 A plenary

whole-class work summarising key ideas, identifying progress, resolving misconceptions and exploring contexts for development.

(ibid, p28).

It is acknowledged that this format will not be suitable for all lessons.  For example, in some lessons it may be more appropriate to have a plenary in the middle of the lesson and mental and oral work at the end.  However, each lesson is expected to include direct, interactive teaching and pupil activities.  Although the time spent on whole-class work may vary from lesson to lesson, it is expected to constitute a high proportion of overall lesson-time.

2.4.3
A Typical Mathematics Lesson
Here I will attempt to identify the expected features of a typical lesson within the Strategy.  The Framework states:

“Where teaching is concerned, better standards of mathematics occur when:

· lessons have clear objectives and are suitably paced;

· teachers convey to pupils an interest in and enthusiasm for mathematics;

· a high proportion of lesson time is devoted to a combination of demonstration, illustration, instruction and dialogue, suited to the lesson’s objectives;

· pupils are involved and their interest maintained through suitably demanding and varied work, including non-routine problems that require them to think for themselves;

· regular oral and mental work develops and secures pupils’ recall skills and mental strategies, and their visualisation, thinking and communication skills;

· there is whole-class discussion in which teachers question pupils effectively, give them time to think, expect them to demonstrate and explain their reasoning, and explore reasons for any wrong answers;

· pupils are expected to use correct mathematical terms and notation and to talk about their insights rather than give single word answers;

· written activities consolidate the teaching and are supported by judicious use of information and communication technology (ICT), textbooks and other resources;

· teachers make explicit for pupils the links between different topics in mathematics and between mathematics and other subjects;

· manageable differentiation is based on work common to all pupils in a class, with targeted support to help those who have difficulties to develop their mathematics.”  (DfEE, 2001: 6)

This list was published after I had collected data from the first population of pupils, and was unavailable to me at the time of devising my questionnaire.  (To enable me to make comparisons, I collected the first set of data prior to the implementation of the Strategy).  However, to help me formulate my research items, I was able to use the following checklist, from a DfEE training package for secondary schools (DfEE, 2000a: 57).  This is detailed below (my italics).

Oral and mental starter
· to rehearse and sharpen skills

Main teaching and pupil activities

· clear objectives shared with pupils

· direct teaching input – participative style

· practical and/or written work for pupils on the same theme for all the class

· if group work, usually differentiated at no more than 3 levels, with focused teaching of 1 or 2 groups for part of the time

· misconceptions identified

Plenary

· feedback from children to identify progress and sort misconceptions

· summary of key ideas, what to remember

· links made to other work, next steps, work set to do at home
(DfEE, 2000a: 57)

In addition to these descriptors, I have added two more of my own to reflect the recommendations of the Strategy:

· a clear end to the three-part lesson and

· a strong emphasis on mental and oral mathematics throughout lessons as a whole, not just within the starter.

These descriptors cover the characteristics of direct interactive teaching, the three-part lesson and the teaching approaches recommended by the Strategy as described above. I used these descriptors in my research as a check-list of the teaching approaches recommended in the documentation of the Strategy, at the time the research project began.  Although the Framework was published after my project had begun, each of these categories is still relevant to the Strategy as it has been implemented.  Each of the teaching approaches recommended for the Strategy can be classified within these categories.

2.4.4
Special Needs in Mathematics
The Framework recommends general approaches to teaching pupils with special needs: “aim to include all pupils fully in mathematics lessons so that they benefit from the oral and mental work and take part in watching and listening to other pupils demonstrating their methods and solutions…Keep these objectives in mind when you plan, so that you can address special needs through simplified or modified tasks and the use of support staff to consolidate key points.” (DfEE, 2001: 36).  In other words, pupils with special needs should be treated in such a way as to include them, ‘as far as possible’ (ibid: 32) in the planned programme for the whole class.  In a similar manner, teaching assistants are expected to help pupils with special needs participate, as independently as possible (ibid: 37), in the work of the whole class.  In providing this support they should prompt, question, explain, look out for difficulties and misunderstandings and monitor progress; much as a teacher is expected to do with the whole class.  To summarise, in its approach to pupils with special needs, the Strategy offers enabling mechanisms to promote participation in direct, interactive lessons, consistent with the approaches to teaching described above.  

2.4.5
Summary: the Pedagogy of the Strategy
The Framework recommends that teaching should be direct and interactive within the format of a three-part lesson.  The main characteristics of the teaching approaches recommended by the Framework can be summarised as:

A. Mental and oral starters

B. Making objectives for the lesson clear

C. Direct teaching

D. Having a common theme for all pupils

E. Use of group work

F. Identifying and addressing misconceptions

G. Giving feedback, reviewing

H. Summarising

I. Making links with other learning and subjects

J. A clear end to the lesson

K. An emphasis on mental / oral maths

I have used these categories in designing the questionnaire used in this research project.  I will describe the process by which the questionnaire was devised in detail in Chapter 5 (sections 5.9 & 5.10).

CHAPTER THREE

A CRITICAL REVIEW OF THE STRATEGY

The Strategy was developed in a climate of concern about poor standards of numeracy and mathematics in England and Wales (see section 1.2).  The central aim of the Strategy is to raise standards by a tighter control of the curriculum and teaching approaches (see section 2.2).  The Key Stage 3 (KS3) Strategy for mathematics evolved directly from the National Numeracy Project (NNP) and the National Numeracy Strategy (NNS), both of which addressed numeracy in primary schools.  Since the KS3 Strategy is still in its infancy, I have drawn on accounts of both of these earlier initiatives (and the KS3 pilot) to illustrate issues arising from the implementation of the KS3 Strategy.  I will also consider more general issues which are relevant to the Strategy.  I will then review the literature and the body of empirical evidence concerning the Strategy, with a particular focus on my two research areas (how the Strategy affects pupils’ attitudes and the teaching approaches experienced by the pupils).

3.1 Theoretical and Empirical Evidence Underpinning the Strategy

To measure the effectiveness of the NNP, the QCA (Qualifications and Curriculum Authority) devised age-standardised numeracy tests, consisting of mental and written components, for schools in the pilot.  As schools became involved in the pilot, their pupils (more than 23 000 overall) were tested.  There were significant gains in the mean of the age-standardised scores when the pupils were re-tested after one and two years.  The greatest gains were observed amongst those whose attainment had been lowest in the initial tests (DfEE, 1998b: 12).  These improvements in performance (especially amongst the lower attainers) were seen as evidence of the success of the approaches recommended in the Framework of the NNP and were a contributory factor in the adoption of the Framework nationally.

The preliminary report of the Numeracy Task Force, which prepared the ground for the introduction of the NNS, stated that it “deliberately set out to be evidence-based rather than adopt any particular ‘faiths’ about numeracy” (DfEE, 1998a).  The introduction to the Key Stage 3 Framework states that the Strategy draws on “the best practice in secondary schools, experience in the 205 schools that have piloted developments in Key Stage 3, and findings from inspection and research about what helps to raise standards” (DfEE, 2001: 2).  A similar justification is made for the factors identified as leading to higher standards (ibid: 6).  However, I have been unable to identify from the documentation how specific aspects of the Strategy relate to research evidence.  Commenting on National Numeracy Strategy training sessions, Brown made a similar observation.  She noted that when teachers challenged any of the central tenets of the Strategy (such as direct whole-class teaching), “the answer given was ‘research has shown that this works’.  But has it?  Or is it just a predilection of the Chief Inspector, who initiated the National Numeracy and Literacy Projects and remains a key adviser for Ministers, but who has frequently expressed his disdain for educational research?” (Brown, 1999: 5).  An earlier critique (Brown et al, 1998), published just after the announcement of the introduction of the National Numeracy Strategy in primary schools, identifies the difficulties in drawing consistent and unambiguous conclusions from the data.  “In most cases the literature reveals that school, teachers, teaching organisation and teaching methods have a relatively small effect on numeracy attainment…The complexity of the findings and of the possible interpretations suggests that ministerial desires for simply telling ‘what works’ are unrealistic” (Brown et al, 1998: 378).  Golding (2001) also comments on the problems of identifying how the Strategy is supported by research evidence.  He writes that: “the report ‘Effective Teachers of Numeracy’ and the SCAA document ‘Teaching and Assessment of Number at Key Stages 1-3’ both draw on substantial quoted research, although the first draft of the National Numeracy Project is less explicit about the research on which it is based.  ‘Numeracy Matters’, the preliminary report of the Numeracy Task Force, depends heavily on the evidence and recommendations of these three reports, although there are certain aspects of the NNS for which I have been unable to locate direct evidence.”(ibid).  It should be noted, however, that an annotated bibliography (Reynolds & Muijs, 1998), reviewing relevant research, was published to accompany the two reports from the Numeracy Task Force.

Commentators question the empirical evidence for the prescriptive nature of the teaching approaches recommended by the Strategy.  Thompson (2000) asserts that the approach to mental calculation adopted by the framework is only supported by research up to the end of Key Stage 1.  He suggests “that different strategies need to be emphasised and developed” (ibid: 26) for Key Stage 2 and beyond.  Costello (2000) notes that research for the Cockcroft Report (Cockcroft, 1982: 3) concluded that “disparate learning objectives could not all be served by any one teaching approach or any single style of classroom management”.  Tikly (2000) makes a similar criticism, “the complexity of learning mathematics implies a flexible choice of pedagogies, rather than a standard set of teaching methods” (ibid, p24).

The identification of good practice was one of the key principles underpinning the development of the Strategy.  “We have attempted to learn not only from this country, but from achievements (and mistakes) in other countries, aiming for a blend of practice from this country and abroad that will improve standards in mathematics.” (DfEE, 1998b: 7).  The poor performance of English pupils in international mathematics surveys (Brown et al, 1998: 365) has focussed much attention on the teaching of mathematics in such parts of the world as Hungary, Japan, and the Pacific Rim states.  The direct, interactive approach to mathematics teaching used in Hungary had a strong influence on the NNP (Andrews, 1997: 14).  However, it should be noted that Hungarian culture, and Hungarian social attitudes to education, are different from those in England (ibid: 16).  Aware of the social and cultural differences between England and Hungary, Calder (2000) warns against the wholesale adoption of the teaching strategies used in Hungary.  Despite the fact that Japan and the Pacific Rim states fare well in international mathematics surveys (Beaton et al, 1996: 2), it does not necessarily follow that their teaching approaches should be adopted in England.  It is unreasonable to assume that the educational culture in these countries is sufficiently similar to that in England.  What works in one society will not necessarily work in another.  Brown et al (1998) however, are not too pessimistic about English pupils’ mathematical abilities.  They concede that, in international surveys, English pupils’ scores were generally below average on pencil-and-paper tests, however they note that they were consistently amongst the highest performers on practical and problem-solving tasks.  They conclude “Thus the answer to whether there is a real numeracy problem depends on the relative weighting put on problem-solving, and on more conventional classroom pencil and paper arithmetic.” (ibid: 365).

3.2
The Introduction of the Strategy
The NNP began in 1996 and resulted in the introduction of the primary Strategy in 1999.  The pilot for the KS3 Strategy, involving 205 secondary schools distributed throughout 17 LEAs, started in April 2000 and ended in March 2002 (Ofsted, 2002: 1).  Positive reports about the success of the Strategy in primary schools began to appear at the end of 2000. These reports were accompanied by expressions of discontent about standards in KS3, as I described in the first chapter (TES, 2000a; TES, 2000b; TES, 2000c).  Concerns about standards in KS3 were compounded by the publication of the results of the TIMSS Repeat (Ruddock, 2000) which, once again, showed comparatively poor performance by English pupils.  The Government announced the full implementation of the KS3 Strategy early in 2001 (TES, 2001a: 17), to take effect in schools from the following September.  The decision to implement the strategy was made before the pilot had been in use in the classroom for a school year, and a year before the publication of the formal evaluation by Ofsted (2002) in February 2002.  The evaluation records that, in the implementation of the pilot, problems arose from the lack of adequate preparation time and the late arrival of documentation (ibid: 5, 7, 17).

As I noted in the first chapter, the Government’s apparent hurry to implement the KS3 Strategy caused concern.  In its response to the draft proposals, the Mathematics Association (2000) noted “It is a matter of considerable concern that the extension of the National Numeracy Strategy to Key Stage 3 is proceeding far too hurriedly with insufficient time being allowed for adequate development of a coherent programme…It is a pity that some of the lessons arising from three revisions of the National Curriculum for mathematics over a ten year period have not yet been learned.” (ibid: 4).  The TES (2001c: 10) observed that “the initiative may have been rushed”.  In the same article, the TES quotes Margaret Brown of King’s College, London: “It may have been helpful to allow the pilots to run for another year, but we are working to the politicians’ timetable.” (ibid: 10).  It is worth noting that the Government has set ‘ambitious targets’ (DfEE, 2001: 2) for the end of KS3 tests in 2004 and 2007.  The importance the Government attaches to meeting its targets is illustrated by the education secretary’s threat to resign if the targets are not met (Carvell, 1999).  The first cohort of pupils for whom the 2004 target will apply starts Year 7 in September 2001.  This may explain the Government’s apparent hurry to implement the Strategy in KS3.

3.3
Levelness
The use of levels of attainment to describe progress through the National Curriculum is an important component of the Strategy.  In Chapter 2, (section 2.1.2) I described how National Curriculum levels determine the programme of study set out in the Framework.  The Government’s targets are also expressed in terms of levels.  In this section, I will explore some of the issues arising as a consequence of the importance of levels to the Strategy.

Levels of Attainment were adopted when the first version of the National Curriculum was introduced in March 1989 (DES, 1989) and were based on the model devised by the Task Group on Assessment and Testing (TGAT, 1988).  This group was established by Kenneth Baker (the Education Secretary at the time) to give advice on assessment within the National Curriculum (Howson, 1989).  In this model, ten hierarchical levels were used to describe progress through each attainment target, for each National Curriculum subject.  The model relates age and attainment at GCSE and is illustrated in figure 3.3 below.  In neither the National Curriculum, nor the TGAT report can I find a rationale for the TGAT model, aside from a brief reference to GCSE grades (ibid: paras 96-110) and the acknowledgement of Cockcroft’s description of a seven year gap in attainment at age eleven (Cockcroft, 1982, para 342: 100).  
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Implicitly, the TGAT model suggests that pupils will make linear progress through the levels, in all subjects.  Howson (1989) writes “It is making a disciplinary-free statement and assumes that all disciplines will be learned in the same hierarchical way; a very questionable assumption indeed.  The curriculum, then, is not to be geared to age or ability – our children are to be treated like trams, and will follow the same tracks according to their rate of learning.” (ibid: 22-23).  Revisions and new interpretations of the National Curriculum, culminating in the Strategy, have removed some of the concerns expressed by Howson.  In particular, the Strategy’s adoption of levelness (the concentration on one or two levels of attainment for each school year) has addressed the need to relate the curriculum to pupils’ ages.  However, the implicit assumption remains; that all students will make linear progress through these levels of attainment. 

In the previous chapter (section 2.3.1), I described how the yearly teaching programmes were based on content drawn from just one or two levels of attainment from the National curriculum.  I also noted that this is a change in approach from that recommended in earlier versions of the National Curriculum.  I have not been able to find any documentation of the Strategy citing theoretical or empirical evidence for this change of approach.

The Strategy may be viewed by critics as adopting a neo-behaviourist position, that mathematics learning progresses through fixed hierarchies of performance capabilities.  Thus, it could be argued that the Strategy is more concerned with identifying features of the mathematics to be learned rather than with identifying the needs of learners.  In this interpretation, the Strategy’s focus on misconceptions can then be seen as correcting the mathematical error (outcome-related and neo-behaviourist) rather than as a means of accommodating concepts through cognitive conflict (constructivist).
The Framework’s level-by-level progression through yearly teaching programmes lends itself to whole-class teaching approaches through uniformity of mathematical content.  Inevitably, it will have an impact on those students for whom the prescribed programme of study is inappropriate (despite the approaches to special needs and differentiation recommended in the Strategy, which I discuss below).  National Curriculum levels have their origins in the TGAT model, yet the TGAT model itself assumes that the spread of attainment across a cohort widens with age.  If this is so, then the success of a rigidly defined programme of study in the early years of primary education does not imply that such a programme will be successful in Key Stage 3.  Brown et al (1998) were concerned that the approaches adopted in the Strategy might result in the fragmentation of the curriculum into a clearly-defined sequence of detailed learning objectives, which may present particular problems in the later years of education.  They quote research evidence that a “stepwise approach is a poor match to the existing evidence about the ways pupils learn…there may well be an increasing problem up the school of children’s learning becoming seriously out of phase with the Framework” (ibid: 368).  They cite evidence from the Pacific Rim countries (against which English schools were compared unfavourably at the time of the inception of the Strategy), where there is a high level of private coaching.  In its favour, the authors note that the Strategy makes teachers aware of the connections between curricular objectives, encouraging pupils to appreciate the unity of the mathematics curriculum beyond the targeted levels. This is not necessarily the case with a textbook.

In the introduction and in section 2.2.1, I referred to one of the major problems of measuring the success of the Strategy through monitoring the percentage of pupils attaining a particular level.  I have observed that it is possible to meet such targets merely by concentrating on a small subgroup of the population.  As a consequence, less attention may be paid to other pupils, on the basis that the higher attainers will achieve the targets anyway and, for lower attainers, the targets may not be achievable in Key Stage 3.  Y9 booster classes, with their focus on borderliners can be viewed as operating in this way. In order to offer realistic challenges to all pupils, mathematics teachers will have to set appropriate targets for their individual pupils (for many pupils, these targets may be better addressed in terms of learning objectives rather than as National Curriculum attainment levels).

3.4
Special Needs and Differentiation
Although the Framework devotes seven of its 56 pages of guidance to special needs and differentiation, the focus of this section is on teaching strategies intended to support whole-class approaches to teaching (DfEE: 2001: 32) and reflects the Strategy’s emphasis on whole-class teaching.  The Framework states “manageable differentiation is based on work common to all pupils in a class, with targeted support to help those who have difficulties” (ibid: 6).  One of the issues facing secondary schools is whether or not to set pupils by attainment.  The Framework discusses setting as an approach to differentiation, but it avoids making recommendations.  However, there is evidence from the pilot of the Strategy (Ofsted, 2002) that more schools are introducing setting in Year 7, using Key Stage 2 attainment data (ibid: 18).  There is also an indication that setting facilitates the use of the ‘Springboard 7’ catch-up materials (ibid: 20).  Thus, although the Strategy does not specifically recommend setting, its implementation may encourage schools to change from mixed-ability to setted groupings in mathematics.  In its final report, the Numeracy Task Force (DfEE, 1998b) warns against setting as a panacea for primary schools.  Brown et al (1998: 372) record that the research evidence for differentiation by setting is neutral.

In its final report, the Numeracy Task Force (DfEE, 1998b) recorded that the range of attainment at the end of Key Stage 2 was too wide.  The report proposed that the aim of the National Numeracy Strategy should be “to allow all the children in a class to progress steadily, so that all of them reach a satisfactory standard and the range of attainment is much narrower” (ibid: 54).  Costello was concerned that this narrowing of attainment might encourage teachers to concentrate on teaching to the median: “it seems inevitable that whole-class teaching will be geared towards a middle level of achievement.  Indeed, the system almost imposes this tactic on schools, if performance is to be judged in terms of the percentage of pupils reaching a particular threshold.” (Costello, 2000).  This may result in less attention being given to two groups of students: those who are considered unable to reach this level of attainment (and who, arguably, need most help) and those who are expected to meet governmental expectations without any additional support.  There is a danger that the needs of these pupils may be overlooked in the race for higher standards.  There are indications from the pilot of the Strategy (Ofsted, 2002) that “Lower attaining pupils, particularly in schools where a relatively large number entered Year 7 at level 3 or below, made less progress than higher-attaining pupils” (ibid: 4) and that the “pace and change of topics was too fast for lower-attaining pupils.” (ibid: 21).  Costello (2000) refers to the danger of ignoring the needs of able pupils if the curriculum is managed in such a way as to limit the range of attainment.  (It is interesting to note that, in the English pilot, which ran concurrently with the mathematics pilot, “progress was most pronounced made for pupils at levels 3 and 4.  Progress was much less evident for pupils at level 2 and level 5 and above” (Ofsted, 2002: 14), i.e. there was less evidence of progress for higher attainers and the very lowest attainers).

In Chapter 2, I referred to a scenario where targets could be achieved by schools raising their level five pass rate, ignoring the learning needs of higher and lower attaining students.  In effect, a school could demonstrate raised standards merely by raising the attainment in National Curriculum tests of a small proportion of pupils whose attainment is just below the median.  The Government’s targets could be met without addressing the attainment of the vast majority of pupils if the majority of schools were to adopt this approach.  In their evaluation of the Numeracy and Literacy Strategies in primary schools, Earl et al (2001) express similar concerns about “reliance on one public measure of success” (ibid: 9).  They observe that “a single measure cannot fully capture all the important dimensions and nuances.  Furthermore, people may put undue efforts into attempts to raise scores, giving less attention to important components not tapped by the measure” (ibid: 19).  Referring to the Key Stage 2 targets for 2002, they record concerns that “with extra funding targeted to children who ‘almost reach the target’, SEN children in mainstream schools who are far from achieving level 4 may not get the extra time and teaching they need.” (ibid: 14).  Guidance for the organisation of Year 9 booster classes, aimed at raising attainment in the Key Stage 3, makes it clear that these classes are intended for students who are level 5 borderliners (DfES, 2002d).  This will be viewed by many commentators as an indication that the Government’s main concern is maximising the number of pupils attaining level five, rather than attending to the special needs of all pupils.  
3.5
Direct Interactive Whole-Class Teaching
The Strategy’s focus on direct, interactive, whole-class teaching is described in the Framework.  “The recommended approach to teaching is based on ensuring…a high proportion of direct, interactive teaching” (DfEE, 2001: 26).  “Overall aim for a high proportion of work with the whole-class” (ibid: 28).  The whole-class interactive approach to teaching is credited with being an important feature of the successful teaching of mathematics in such parts of the world as Hungary, Japan, and the Pacific Rim states: “…the rest of the world appears to achieve success through whole-class teaching of, for the most part, mixed ability groups” (Andrews and Sinkinson, 2000: 52).

Brown challenges the importance attached to whole-class teaching.  She writes “studies in the UK, in other countries and across different countries, also tend to show either that there is no effect due to the proportion of whole-class, group or individual teaching, or that there is a small effect which on average favours whole-class teaching.  However, there are many exceptions for individual teachers where whole-class teaching is associated with poor results” (Brown, 1999: 6).  She concludes by saying, “ we have known all along that when it comes to assessing learning, quality of teaching is more important than class organisation, and this is broadly the message from the research studies.” (ibid: 7).

Where Brown is critical, Costello (2000) is damning: “the thrust of the National Numeracy Strategy is fundamentally wrong” (ibid: 2).  Having identified direct interactive teaching as the ‘one big idea’ underlying the Strategy, he cites the research of Bell et al. (1983: 269) into learning styles to support his assertion that ‘a focus on one particular teaching approach disadvantages some pupils’ (Costello, 2000: 3).  He describes this approach as ‘inherently discriminatory’, disadvantaging pupils through cognitive style, gender, cultural background and ability.  He refers to research on gender differences indicating that “the style of classroom activity can have a major effect on these differences in mathematics” (ibid: 3).  He notes that the Cockcroft Report (1982: 71) advocated a range of teaching approaches: the committee refused to indicate a definitive style for the teaching of mathematics, believing this to be neither desirable nor possible.  Thus, it can be argued that the main thrust of the Numeracy Strategy contradicts the findings of the Cockcroft Report.

I have quoted Brown’s observation that the quality of teaching is more important than the method of class organisation (Brown, 1999: 7).  However, Brown et al (1998) do cite evidence of teaching approaches that promote attainment.  Amongst these are “using higher order questions, statements and tasks which require thought rather than practice; emphasis on establishing, through dialogue, meanings and connections between different mathematical ideas and contexts; collaborative problem-solving in class and small group settings (and) more autonomy for students to develop and discuss their own methods and ideas.” (ibid: 373).  The direct, interactive teaching approach recommended in the Framework is broadly consistent with Brown’s list (in particular, explaining and illustrating, questioning and discussion, consolidating, evaluating and summarising).

It is possible that some of the teaching approaches recommended for the Strategy (especially demonstration and instruction) may be applied mechanistically.  This could result in a teaching approach based on formal instruction from the teacher, with a strong emphasis on the use of standard procedures and techniques.  Askew et al (1997) classify this as a transmission orientation.  They identified three different teaching orientations:

1. connectionist: emphasising pupils’ construction of their own knowledge, with the teacher guiding them, helping them refine their methods and helping them to draw connections with different aspects of the mathematics curriculum

2. transmission: concerned with applying standard procedures and routines and 

3. discovery: pupils learn through activities with an emphasis on practical methods and applications of mathematics.

Noting that these three orientations are not necessarily disjoint, and that teachers may display characteristics of two or more orientations, Askew et al found that pupils made greater progress when their teachers were of a strongly connectionist orientation (ibid: 24).  Thus, a mechanistic, transmission, approach to direct, interactive teaching within the Strategy may not be in the best interest of pupils.

As the implementation of the Key Stage 3 Strategy has progressed, the DfES has published booklets of exemplar lessons, conforming to the recommended teaching style, to accompany its training sessions (DfES, 2001; DfES, 2002).  Lesson plans are also available on the Key Stage 3 web-site.  In the school from which the sample is drawn, several teachers use these materials.  The adoption of centrally prepared lessons provokes some concern about de-skilling, since teachers can become over-reliant on provided resources.  The popularity of centrally-produced lessons was documented by Earl et al (2001).

3.6
Attitudes and Affective Responses to Mathematics
It is widely accepted that pupils’ attitudes to mathematics can affect their attainment.  “Abilities, preferences, attitudes and motivation all contribute to making some pupils more successful than others” (Orton, 1987: 107).  “There is a common and reasonable belief that positive attitudes, particularly liking for, and interest in, mathematics, lead to greater effort and in turn to higher achievement” (Costello, 1991: 122).  Concomitant with this is the view that ‘interesting and enjoyable work will lead to greater attainment’ (Cockcroft, 1982: 61).  These beliefs are broadly supported by research (McLeod, 1992; Bell, 1983), although researchers are careful not to overstate the importance of attitude to attainment.  Bell et al note that “there appears to be an identifiable (although small) correlation between attitude and achievement: it is not clear however, in what way attitude and achievement affect one another…However, research certainly suggests caution against over-optimism in assuming a very direct relation between attitude and achievement” (ibid: 254-255).  Thus, as might be expected, research indicates that a pupil’s attainment in mathematics may be affected by her attitudes and feelings about mathematics. 

The Cockcroft Report (1982) noted a “strong tendency among pupils of all ages to believe mathematics to be useful, but not necessarily interesting or enjoyable” and observed that “strongly polarised attitudes can be established, even amongst primary school children, and about 11 seems to be a critical age for this establishment.” (ibid: 61).  Celia Hoyles (1982) analysed pupils’ accounts of occasions when pupils had felt good or bad about learning mathematics.  She identified a large proportion of examples where the learning of mathematics was a bad experience for pupils: “…anxiety, feelings of inadequacy and feelings of shame were quite common features of bad experiences in learning mathematics.” (ibid: 368).  Primary teachers’ accounts of their experiences of learning mathematics include many examples illustrating pupils’ fears of being ridiculed for their oral contributions to lessons (Ruffell et al, 1998).  In a research project, Art and Design students were asked to recall their experiences of learning mathematics.  Their accounts include descriptions of embarrassment at being ‘singled out’ to ‘perform’ a piece of mathematics in front of the class (Costello, 2000).  Pupils’ participation in lessons may well be desirable, however there is evidence that, under certain circumstances, it can promote anxiety and negative feelings towards mathematics.

In a more recent study, Ruffell et al (1998) set out to devise instruments to enable teachers to measure pupils’ attitudes.  Their research led them to challenge some conventional views of attitude to mathematics, in particular the ‘cause-and-effect model underlying much attitudinal research’ (ibid: 1) and the ontological basis for the notion of an attitudinal construct.  Ruffell et al (ibid: 13) are careful to avoid describing attitude as a single, discrete construct: “Seeing attitude as a constellation of impulses vying for cognitive attention and triggering physiological and hence emotional responses, provides an alternative perspective to a simplistic like-dislike model.  For their research, Ruffell et al identified three underlying and interwoven domains, derived from Ajzen (1988) and Triandis (1971): 

1. cognitive: to do with beliefs

2. affective: to do with feelings 

3. conative: to do with behavioural intent.

In the paragraph before last, I referred to the damage that can result from negative attitudes to learning mathematics.  To this end, teachers strive to make the learning environment as conducive as possible by promoting positive experiences and minimising negative experiences.  However, if attitude to mathematics is a multi-dimensional construct, dependent on many different factors, then attitude can be affected in many different ways.  In the following paragraphs I will discuss critiques of the Strategy’s possible impact on pupils’ attitudes to learning mathematics.

As I described earlier in this chapter (section 3.5), concerns have been expressed about the emphasis the Strategy places on direct interactive teaching, with commentators advocating a more varied teaching style (Brown et al 1998; Brown, 1999; Costello, 2000; Tickly, 2000).  It has been suggested that the direct interactive teaching approach, with its heavy emphasis on questioning of pupils may affect pupils’ attitudes to mathematics and prove alienating for some students.  Brown et al (1989: 369) note that there is evidence of students feeling inadequate and weak at mathematics in those countries (such as the Pacific rim states) where there is an ambitious uniform curriculum for all pupils.  The introduction of the Key Stage 3 Strategy may have similar consequences in the UK.

Costello (2000) claims that direct interactive teaching can expose pupils to anxiety and negative experiences.  “The interactive, whole-class mathematics lesson, when it is the dominant teaching approach, is a fertile breeding ground for long-term dislike of mathematics.  The more interactive it is (so that no one can escape involvement) and the more whole-class it is (so that everyone’s attention is on the pupil under the spotlight), the better the chance there is to set up a bad experience.” (ibid: 5).  He lists ‘the most unsatisfactory current outcomes of mathematics education’:

1. the unpopularity of maths as a subject for further study

2. large numbers of intelligent people happily claiming mathematical incompetence

3. many pupils feeling mathematics to be a burden, threat or hurdle.

Costello concludes that: “we may have found a strategy which will perpetuate all of these things, and which has every prospect of making them worse”.
It should be noted that Costello’s observations on the teaching approaches associated with the Strategy were presented in the form of a critique rather than as an analysis of empirical evidence (in fact the Key Stage 3 Strategy had not yet been implemented at the time they were written).  In contrast to Costello’s claims, there are reports of increased confidence, engagement and progress coming from primary schools, where the Strategy has been in place since 1999.  In their evaluation of the Numeracy and Literacy Strategies in primary schools, Earl et al (2001: 74) note “With a few exceptions, teachers and headteachers reported that children are more independent, more confident, better able to deal with a variety of mathematics problems and written texts and more knowledgeable about the technical vocabulary of English and mathematics.”  Ofsted (2000), in a review of the first term of the Key Stage 3 Strategy, noted pupils’ positive attitudes to mathematics, although they still lacked some confidence in problem–solving.  In an article in the Times Education Supplement a numeracy consultant describes “the gains in children’s self-esteem and attitudes to maths” (TES, 2000e: 14).  Another TES article reports Ofsted inspectors’ claims that the Strategy “has had a profound impact on schools.  Lessons are far more interactive, children enjoy maths more and standards have risen” (TES, 2000f: 4).  Golding (2001), describes how “consultants and advisors are reporting whole classes of children bursting to participate, actively engaged in improving thinking skills, and loath to stop at the appointed time.” (ibid: 3).  Reports from primary schools appear to contradict Costello’s claims about the potential disadvantages of the Strategy.  However, much of this evidence is anecdotal.  It also should be borne in mind that the beliefs, feelings and attitudes of secondary pupils will not necessarily correspond to those of primary pupils.  Costello’s concerns may be more pertinent to older pupils.  However, it is worth noting that, in the evaluation of the Key Stage 3 pilot, Ofsted (2002: 21) records that mental and oral activities and the interactive teaching approach resulted in motivation and stimulation.

3.7
Summary
There is research evidence that many of the approaches proposed in the Framework are effective (or have been found to be effective in certain circumstances).  However, Brown et al (1998: 378) point out that: “the research findings are sometimes equivocal and allow differences of interpretation”.  The Strategy’s approach to whole class teaching and limited differentiation attracts criticism, as it does its advocacy of a particular teaching approach (direct interactive teaching).  In particular, a mechanistic or insensitive application of the Framework’s recommended approaches could fail to cater for pupils’ individual needs and reinforce negative feelings about mathematics. Costello (2000: 4) suggests that the recommendation that pupils should answer questions and discuss mathematics with the whole-class may have a devastating effect on pupils’ affective responses to mathematics.  The implementation of the approaches to teaching recommended in the Framework will have to be given careful consideration to ensure that they do not generate problems in themselves.

CHAPTER FOUR

METHODOLOGY

In this research project I aim to explore some of the consequences of the introduction of the Key Stage 3 Strategy.  To do this, I have focused on Year 8 pupils at a very large comprehensive school and their perceptions of school mathematics before and after the implementation of the Strategy.  In particular, I have followed two distinct strands of enquiry.

1. Pupils’ feelings and attitudes about mathematics.

2. Pupils’ experiences of the specific approaches to teaching mathematics recommended in the Framework for the Strategy.

4.1
Research Paradigms

A distinction is often drawn between three main research paradigms; the scientific, the interpretative and the critical-theoretic (Ernest, 2000b: 29).  In Ernest’s account, the scientific paradigm is usually associated with the aim of discovering underlying objective truths, or constructing useful models of the phenomena under investigation.  The methods associated with this paradigm are mainly quantitative (hence this is often known as the quantitative paradigm, mistakenly so, according to some commentators, as Ernest points out).  Unlike the scientific paradigm, the interpretative paradigm is less concerned with objectivity and validity.  Instead, Ernest describes its ontological basis as subjective or intersubjective perceptions of reality (ibid: 39).  Within this research paradigm, there is no assumption that objective truths and laws exist to be discovered.  Ernest associates this paradigm with the aim of exploring the particular in order to illustrate the general: “the overriding characteristic of the interpretative research paradigm is that it is concerned to uncover new ideas from the data” (ibid: 39).  This paradigm is often associated with qualitative case studies (hence the common use of the term qualitative paradigm to describe it).  Similar to the interpretative paradigm, the critical-theoretic paradigm is predicated on notions of socially constructed reality.  However, within the critical-theoretic paradigm, reality is socially negotiated and knowledge is a social construct.  Whereas the interpretative paradigm is concerned with understanding, this paradigm is primarily concerned with using understanding to achieve change and social justice.  Action-research is typically associated with this paradigm.  This is a form of research in which the researcher becomes involved, acting ‘on the spot’ to modify circumstances to bring about benefit (Cohen and Manion, 1994, quoted in Bell, 1999).  Each of these paradigms can be associated with particular beliefs and philosophies of mathematics and mathematics education (Ernest, 2000b).  In this account, I will concentrate on the appropriateness of these paradigms to my chosen investigational focus.

A critical theoretic approach is inconsistent with the aims of this project as they are formulated.  The project aims to explore pupils’ attitudes and experiences in an impartial manner.  Although the project may result in recommendations being made to benefit pupils, the aim of the research phase of the project is to collect information to describe these attitudes and experiences, not to alter the conditions under which they occur.

Both of the areas for investigation lend themselves to qualitative research approaches, since both concern individual, affective responses.  Case studies, for example, may yield narratives which offer insights into how individuals’ feelings about mathematics have changed as a result of the introduction of the Strategy.  Similarly, open-minded observation of a number of lessons is likely to enable the observer to identify and pursue avenues of enquiry that may be ignored under an objective and impersonal regime of data-collection.  In these cases, making inferences about larger groups of pupils is not necessary; these are personal accounts, dealing with individual truths.  However, being about individual truths, this research approach does not facilitate the intention of this project, the identification of the general characteristics of pupils’ attitudes and experiences.

As I explain in the following paragraphs, the methodology underlying this research project can best be described as scientific.  However, there are characteristics of this project that do not correspond neatly with those characteristics commonly ascribed to this paradigm.  Since the sample was drawn from a school that I know very well, I cannot be strictly impartial and objective as an observer.  Not only are my perceptions affected by my knowledge of the school, its pupils and its staff, but also the respondents are aware that their responses are being analysed by an interested party.  On the other hand, my knowledge of the school and its circumstances enables me to place the data gathered for this project within a broader context.  My knowledge helps me to explain and interpret the results of the project, in a subjective manner.  In Ernest’s, admittedly simplified, summary of the scientific paradigm (ibid: 33), he describes its ontological and epistemological bases.  He records that, typically, these are ‘scientific realism’ and ‘absolutist, objective knowledge’ respectively, based on a ‘cognitivist or information processing model’ of learning.  It is my belief that these underlying views of learning mathematics are not a necessary condition for a quantitative research approach: in fact, I do not share them.  I prefer to see the data I have gathered for this research as snapshots in numbers rather than immutable manifestations of some external reality.  The advantage of these snapshots is that they can be manipulated to offer different, but nonetheless real, views in much the same way that snapshots can be cropped, enlarged or combined with others to produce different, but real, images of the same event.

I have explained that my use of a quantitative research methodology is not entirely objective.  In the following paragraphs, I will explain why I have elected to use quantitative methods.  The reasons that I will give fall into three broad categories:

1. because of the nature of the Framework for the KS3 Strategy

2. because of the nature of the TIMSS items on pupils’ attitudes 

3. because of my aim to draw some general conclusions about how the implementation of the Strategy has affected pupils at this school.

4.2
Principles Underlying the Strategy and TIMMS

The principles underlying the Strategy and the development of the Framework are consistent with those underlying the scientific paradigm.  The Framework (with its focus on hierarchies of learning objectives, assessed by national testing) is underpinned by a model of learning whose epistemology is based on a hierarchical model of mathematics and is concerned with the performance outcomes associated with this hierarchy (it may be described as ‘neo-behaviourist’).  Although there is some controversy over the extent to which the Framework can claim to be research-based (as I recorded in Chapter 3, section 3.1.), documents (DfEE, 1998a, 1998b, 2001 and Numeracy Task Force, 1998) make it clear that the Strategy was certainly intended by the DfEE to be research-based.  It was developed using research data from a number of sources, with the intended outcome of identifying the most effective approaches to teaching mathematics (i.e. identifying general truths).  Thus, the Framework may be seen as an attempt to present general truths about the best way to achieve the performance criteria associated with the hierarchy.  This is consistent with the scientific paradigm.

TIMSS was mainly concerned with measuring international mathematical attainment, supported by information collected through a ‘background’ questionnaire.  The TIMSS items on students’ attitudes and beliefs were taken from the background questionnaire.  I decided to use these items to allow me to draw comparisons with the results from TIMSS (I will expand on this in the next chapter, dealing with my methods).  Since I have used TIMSS items, it is inevitable that the TIMSS methodology will, at the very least, influence mine.  In the TIMSS research, empirical data (in the form of Likert responses corresponding to pre-determined categories) was collected and analysed to formulate a comparative view of attainment in different countries using quantitative methods.  This approach is consistent with the representation of the scientific paradigm described by Ernest (2000b: 43).  The ‘subject centred’ pedagogical aims of TIMSS are also consistent with this paradigm: “the main purpose of TIMSS was to focus on educational policies, practices, and outcomes in order to enhance mathematics and science learning within and across systems of education” (Beaton et al, 1996: 7).  Thus, the use of the TIMSS research creates a predisposition towards the scientific paradigm.

For this research project, I wished to make some generalisations about the school’s Year 8 population, which I could compare with the TIMSS data on attitudes and with the specific teaching approaches recommended in the Framework.  I was able to exploit the possibility of drawing on a large (almost 100%) sample from this population.  Since the TIMSS items were presented in questionnaire form and since the teaching approaches recommended in the Framework were relatively easy to itemise within a questionnaire format, I also decided to use a questionnaire as the main instrument for collecting the research data.  The use of a questionnaire enables data to be collected from a large sample with efficiency and helps to confer reliability by posing questions in a consistent form to the respondents.  This approach lends itself to quantitative methods of analysis, allowing statistical inferences to be drawn from the data.  Hence my approach to identifying, collecting and analysing data is consistent with the scientific paradigm.

4.3
Summary

In the above paragraphs, I have explained how my approach to this research project broadly fits the scientific paradigm.  Likewise, my methods and the research items I have used have a high degree of consistency with this paradigm (i.e. quantitative).  However, as I have also described earlier, there are several reasons why my approach does not conform strictly to the model of the scientific paradigm as described by Ernest (2000b: 43).  The theoretical positions underlying my research concerning ontology, epistemology, interest, outcomes and broad aims are more consistent with an interpretative paradigm rather than the scientific.  I am privileged to have an ‘insider’s’ subjective view of the school from which the sample is drawn.  This raises concerns about ‘scientific’ objectivity.

Because the sample is drawn from Year 8 pupils from just one school, it cannot be treated as being representative of any larger population.  This research cannot be used to make inferences about pupils’ beliefs and perceptions of the teaching styles they experience on a national basis; instead, it is a case study of a particular subset of this population.  Although I hope that useful inferences and understandings may be drawn from the finished research, I cannot guarantee that the results from this sample can be generalised for the national population.

Considering the points made above, this research project may be treated as a case study of the introduction of the Strategy in Year 8 of a particular school of which the researcher is a part.  This can be described as an ethnographic case study, drawing on understandings developed from involvement in the population.  Denscombe (1998: 69) describes this approach as allowing the researcher “to see things as those involved see things”.  Bell (1999) describes the ethnographic style as deriving from research in anthropology, involving the integration of the researchers into the population being studied.  She draws attention to the problems of making generalisation referred to above, but points out that such studies “may be relatable in a way that will enable members of similar groups to recognise problems and, possibly, see ways of solving similar problems in their own group” (ibid: 13).

CHAPTER FIVE

4 METHODS

In the previous chapter, I discussed the methodology underpinning this research project.  In particular, I explained why I chose to use quantitative methods.  In this chapter, I will describe:

· how I selected the population sample

· how I chose and devised the instruments to gather the data and 

· how I chose to analyse the data.

In each case, I will justify my methods by reference to the aims of the research project.

Finally, I will discuss:

· the pilot of my research

· validity and reliability of the results and

· ethical considerations with regards to this project

5.1
Overview
This project aims to explore how the introduction of the Key Stage Three Strategy has affected pupils’ attitudes to learning mathematics and their perceptions of the teaching approaches they experience.  Two populations of pupils from one school were chosen for the research, to allow comparisons to be drawn between the results before and after the implementation of the Strategy.  The first population was the school cohort in Year 8 between September 2000 and July 2001.  This group had not been formally involved in the Key Stage 3 Strategy.  The second population, the next Year 8 cohort, had been subject to the National Numeracy Strategy in Key Stage 2 and the Key Stage 3 Strategy in Years 7 and 8.  The pupils completed a questionnaire using eighteen TIMSS items to investigate their attitudes and affective responses to learning mathematics and twenty-seven other items investigating the teaching approaches they had experienced in mathematics lessons.  

5.2
The School
The school from which the research population was drawn is a large (more than 2000 pupils), 11-18 comprehensive community college in the south-west of England.  It serves a seaside town of population 35 000, ten miles from the nearest city.  Although the catchment area includes a proportion of affluent families, there are several wards in the town where there are significant social problems.  At the end of the academic year 2001-2002, 13% of the school’s pupils claimed free meals, a figure the school believes under-represents the number of families entitled to claim them.  Like many schools in its geographical area, the vast majority of the students speak English as a first language. The school is a split-site comprehensive and subject to a degree of ‘creaming’ by local selective and private schools.  Its GCSE results are near, but slightly below, the national median.  Because of the large number of students on roll, and a number of characteristics typical of other schools throughout the country, it may be considered to be representative of many aspects of English schools.  However, the pupil and teacher populations of the school cannot be treated as a random sample of such populations nationally.

5.3
The Year Eight Sample
The Key Stage 3 Strategy was implemented nationally in September 2001.  In the school from which the sample was drawn, the Strategy was introduced in Year 7 in September 2000, using the Framework developed for the national pilot of the Strategy.  Like many other schools, the approaches recommended in the Strategy were introduced early to continue the initiative started in primary schools the previous year.  In the sample school, the Strategy was implemented through a rolling programme, eventually covering Years 7, 8 and 9 by September 2002.  At the start of this project (early in 2001), only the Year 7 cohort had been taught within the Framework of the Strategy, Years 8 and 9 were to remain unaffected (formally) by the rolling introduction of the Strategy.  It was therefore impossible to carry out a comparative longitudinal survey with one cohort.  Instead, I chose to use two consecutive Year 8 groups.  This enabled me to compare two similar groups at the same stage in their mathematics education, with only one major difference between them: the first group had not been subject to the Strategy, whereas the second group had.

It is tempting to think of the first of these Year 8 groups as a control group, however this would not be strictly correct.  The programme of study for the first of the two Year 8 groups took no account of the Framework, and was organised around existing practice and resources.  Although this cohort was not formally involved in the implementation of the Strategy, it is likely that the teaching approaches used with these pupils had been influenced by the Strategy.  Secondary mathematics teachers had become acquainted (to varying degrees) with the Framework since its introduction in 1999.  In the case of this particular school, departmental training and meeting time had been dedicated to the Strategy and its Framework since 1999.  In view of the publicity, written articles, meetings and training programmes associated with the introduction of the Strategy, it would have been surprising to find many secondary mathematics teachers completely unaware of (and hence independent of) aspects of the Framework.  On a national level, it is unlikely that any control group, totally independent from aspects of the Framework, could have been found.  Taking these considerations into account, I chose to continue with this group, for two reasons:

1. Other control groups are likely to be as problematic as this one.

2. The whole project is designed to be a case study of Year 8 pupils in this particular school.  (This however, means that generalisations may not be made freely from the results).  

For the reasons that I have detailed above, throughout this account I will refer to the first of the two Year 8 groups investigated as the comparison group, rather than the control group.

5.4
Sample Size
Year 8 in the sample school generally has between 350 and 450 pupils on roll, taught in two comparable timetable populations and set by attainment for mathematics.  In both years of the project, the questionnaire was given to all pupils in Year 8 mathematics lessons on a particular day.  The first sample consisted of 380 (out of approximately 430) pupils taught in 17 mathematics classes, the second sample consisted of 331 (out of approximately 380) pupils drawn from 18 different mathematics classes.  In each case, the sample was a significant majority of the whole population, although slightly smaller than the school’s average daily attendance rate of about 90% (in 2001-2002).

5.5
Using a Questionnaire
As I have already described, I wished to compare my results with those from TIMSS.  The most reliable way of doing this was to use the same items as TIMSS, i.e. in a questionnaire form.  A well-designed questionnaire is an effective way of collecting quantitative data.  It offers the same questions in exactly the same format to all respondents, thereby promoting reliability.  It can be completed quickly, ensuring that respondents maintain their concentration and interest, also promoting reliable responses.  As described earlier, the nature of this project meant that quantitative methods would be appropriate.  Eighteen test items were taken from TIMSS for the first section (‘What you think about mathematics’ – concerning pupils’ beliefs about and attitudes to mathematics).  Since the TIMSS questionnaire had offered four Likert response options I chose to use these throughout the questionnaire.  Of the remaining twenty-seven items (exploring pupils’ experiences of mathematics teaching), four were taken from TIMSS and the others were written to reflect the approaches to teaching recommended for the Strategy.  The placing of the questions within the questionnaire was randomised within the two sections.  The first question served as an introduction to the questionnaire and its response scale had a different wording from the others, so it was placed at the beginning.  The remaining questions on beliefs and attitudes all used the same four-point Likert scale taken from TIMSS (strongly agree, agree, disagree, strongly disagree) and were placed in random order (from Q2 to Q18).  Similarly, the teaching style questions were placed in random order (from Q19 to Q45) using a four-point Likert scale taken from the four TIMSS items (almost always, quite often, once in a while, never).  In analysing the data, I coded these responses so that ‘strongly agree’ and ‘almost always’ were scored 1, ‘agree’ and ‘quite often’ were scored 2 etc.  I have used the term Likert positive to indicate responses scoring 2 or less. 

In compiling the questionnaire, I noticed that TIMSS items were often worded slightly differently in the different reports (which could threaten reliability, validity and subsequent comparisons). To address this, I used the details of the background questionnaire from the TIMSS website (http://ustimss.msu.edu/) to obtain the exact wording of the items. 

5.6
TIMSS Items 

Pupils’ feelings, beliefs and affective responses to learning mathematics constitute a rich area for educational research.  Many instruments have been developed to support research in this area.  For this research project I have chosen to use the TIMSS items (from the ‘Background Questionnaire’) addressing attitudes to and beliefs about mathematics for three main reasons.

1. The first TIMSS reports were published in 1996, shortly before the publication of the Numeracy Task Force reports.  Hence the TIMSS results reflect levels of attainment in and attitudes to mathematics that were directly addressed by the development of the National Numeracy Strategy.  In particular, the Strategy addressed concerns fuelled by international comparisons (of which TIMSS was the most recent).  In its historical context alone, TIMSS was extremely relevant to the development of the Numeracy Strategy (which eventually led to the Key Stage 3 Strategy).

2. TIMSS was a very large and well-planned international project for which the test items were developed with due regard to statistical integrity, especially reliability.  (Validity is harder to ensure especially where common items are being used in different social and educational contexts.)  Using the TIMSS items also meant that that I did not have to devise, trial and adapt any items (with all of the concomitant pitfalls) for this section. 

3. Using the TIMSS items enables me to compare the results from my research with national and international results. 

5.7
Clusters
In their report, Keys et al (1997) analysed the TIMSS items on pupils’ attitudes and beliefs about mathematics (that were used in Section 1 of my questionnaire) in clusters:

· ‘Students’ attitudes towards mathematics’

· ‘Students’ perceived ability in mathematics’

· ‘Qualities required to do well in mathematics’

· ‘The importance of doing well in mathematics’

· ‘Reasons for doing well in mathematics’

In Keys’ account, the attitude cluster comprises six items:

1. How much do you like maths?

2. I enjoy learning maths

3. maths is boring

4. maths is an easy subject

5. maths is important in everyone’s life

6. I would like a job involving maths.

However, for the TIMSS research, Beaton et al (1997) used one fewer item in the composite attitudes scale, as Keys et al (ibid: 72) acknowledge.  In my analysis, I have not included this item ‘How much do you like mathematics’ in the attitudes cluster.  Instead, I have combined it with the one item (‘I usually do well in mathematics at school’) which Keys offers as a second cluster.  This new cluster may be seen as addressing the rewarding aspects of mathematics at school.

Apart from the TIMSS attitudes cluster, for which data is available for comparison, I have used the clusters primarily as a way of grouping and comparing sets of responses.  Although I have calculated cluster means and proportions of the cluster giving positive responses, these data are statistically problematic.  I will discuss these measures in more detail in the section of this chapter addressing methods of analysis.  In the analysis of the data for 2001 and 2002 I have used the clusters more as a means of identifying related items, rather than as sources of measures for particular attributes.

5.8
Section 1 Items
Appendix 5.1 lists all of the items used in the questionnaire, relating them to clusters of related constructs, Appendix 5.2 relates clusters to questionnaire items.  Below, I will describe each of the clusters in Section 1 of the questionnaire. 

Cluster A
How rewarding is mathematics at school?

Question 1: ‘How much do you like mathematics?’

Question 18: ‘I usually do well in mathematics at school’

This was not an original TIMSS cluster, but one that I found useful to explore the relationship between the pupils’ liking of mathematics and their ideas of their success in this subject, both of which may be viewed as rewarding outcomes of maths at school.

Cluster B
Pupils’ attitudes to mathematics


Question 5:
‘I enjoy learning maths’


Question 8:
‘Maths is an easy subject’

Question 9:
‘Maths is important in everyone’s life’

Question 11:
‘I would like a job involving maths’

Question 13:
‘Maths is boring’

Clearly, a positive response to question 13 has a different sense (or Likert charge) from the other items.  In calculating the cluster mean, I have followed TIMSS’ practice and reversed the coding for this item.

Cluster C
Qualities required to do well in mathematics

Question 3
‘To do well in mathematics at school you need lots of hard work studying at home’

Question 4
‘To do well in mathematics at school you need to memorise the textbook or notes’

Question 14
‘To do well in mathematics at school you need lots of natural talent’

Question 16
‘To do well in mathematics at school you need good luck’

Items 3 and 4 are about approaches to study that pupils can adopt to make progress in mathematics, whereas items 14 and 16 concern factors over which the pupil has no influence.  To maintain the sense of the cluster, I have reversed the scoring for items 14 and 16 in calculating the cluster means and proportions.  A Likert positive response to this cluster may be seen as an indication that the respondent believes that success in mathematics depends on effort, rather than luck or natural ability

Cluster D
The importance of doing well in mathematics at school

Question 6
‘My parents/carers think it is important for me to do well in mathematics at school’

Question 12
‘Most of my friends think it is important to do well in mathematics at school’

Question 15
‘I think it is important to do well in mathematics at school’

This cluster is concerned with social views about the importance of doing well in mathematics at school.

Cluster E
Reasons for doing well in mathematics

Question 2
‘I need to do well in mathematics to please my parents’

Question 7
‘I need to do well in mathematics to please myself’

Question 10
‘I need to do well in mathematics to get into the college or university I prefer’

Question 17
‘I need to do well in mathematics to get the job I want’

All of these may be considered as motivating factors for doing well in mathematics

5.9
Section 2 Items
For the Section 2 items, I identified the key aspects of the approaches to teaching recommended in the Framework for the Strategy (described in Chapter 2, section 2.4).  I grouped these constructs into clusters as in Section 1 and designed at least two questionnaire items to address each of these clusters.  This enabled me to compare the responses for each of the different constructs.  In the pilot stage, (Wilson, 2001), I was able to check for consistency across the sample (i.e. to check whether the items are reliable) and to confirm that individual respondents had answered consistently (i.e. the cluster items produced reliable results).  In designing my items, I also had to be careful to avoid having so many items that the questionnaire became too long.  I was fortunate to be able to include four relevant TIMSS items in my questionnaire.  I devised the other items.  To promote consistency of interpretation and to permit comparisons to be made between items, I was careful to make these items consistent with the TIMSS ‘authorial voice’ and similar to the four TIMSS items.  For example, the TIMSS items referred to the class as ‘we’, so I expressed the new items in the first person rather than the third (‘we’ rather than ‘the class’).  Similarly, I used ‘the teacher’, rather than ‘our teacher’ in the new items.  As in Section 1, I randomised the question numbers so that the cluster items were not grouped together on the questionnaire.

5.10
Section 2 Clusters
In Chapter 2 (section 2.4), I discussed the implications of the Key Stage 3 Strategy for teaching.  I provided a checklist based on a document (OHT 1.4: ‘A Typical Daily Mathematics Lesson’), from a DfEE training package for secondary schools (DfEE, 2000a: 57, see section 2.4.5).  This is detailed below.  For each cluster of constructs I have highlighted the key word in italics.  (This section of the questionnaire was also given to the class teachers, enabling comparisons to be drawn between the pupils’ and the teachers’ responses.)

Oral and mental starter 
· to rehearse and sharpen skills

Main teaching and pupil activities

· clear objectives shared with pupils

· direct teaching input – participative style

· practical and/or written work for pupils on the same theme for all the class

· group work, usually differentiated at no more than 3 levels, with focused teaching of 1 or 2 groups for part of the time

· misconceptions identified

Plenary

· feedback from children to identify progress and sort misconceptions

· summary of key ideas, what to remember

· links made to other work, next steps, work set to do at home

In addition to these descriptors, I have added two more of my own to reflect the recommendations of the Strategy:

· a clear end to the three-part lesson and

· a strong emphasis on mental and oral mathematics throughout lessons as a whole, not just within the starter.

These groupings of constructs can be described more simply by the following clusters:

A: Starter

B: Objectives

C: Direct teaching

D: Same theme

E: Group work

F: Misconceptions

G: Feedback

H: Summary

I: Links

J: End

K: Mental / oral maths

There are a number of over-arching constructs within the Strategy.  These may appear in several clusters, as well as in their own right.  Therefore these clusters are not necessarily independent, neither are they disjoint.  Consequently, some items will appear in more than one cluster.  For example, mental mathematics appears in three clusters, starters, direct teaching and mental / oral mathematics.

There were only four TIMSS items that related directly to these constructs; (questions 20, 24, 25 and 42).  Of these, only question 24 was relevant to two clusters.  Consequently, test items were developed to cover each of the clusters A – K at least twice.  Details of these questions can be found in the appendices.  Appendix 5 is the final questionnaire.  Appendix 5.1 is a framework, relating the questionnaire items to particular clusters of constructs and Appendix 5.2 gives a summary of the clusters in the questionnaire.  I will use two particular clusters to illustrate how the items were developed to match the criteria for the clusters of constructs.

Construct A addresses the use of ‘starters’.  It concerns the beginning of the lesson, which the Strategy recommends should focus on mental mathematics and oral work to “rehearse, sharpen and develop mental skills” (DfEE, 2001: 47).  The three items in this cluster are questions 26, 27 and 38.  Question 27 (“There is a ‘mental mathematics’ starter for the whole class”) refers directly to the cluster constructs.  This item also relates to cluster K, which concerns mental and oral mathematics (whether or not it occurs in the starter).  Question 38 (“Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson”) deals explicitly with the three-part lesson, of which the ‘starter’ is an integral part.  Although a positive response to this question is consistent with the cluster constructs, a negative response is not necessarily inconsistent with them, it may, for example, be the result of the lack of a clear end.  As this item refers explicitly to the recommended three-part structure for lessons, responses to it may prove interesting in their own right.  Question 38 also relates to construct J, concerning the end of the lesson.  Question 26 (“We start the lesson by carrying on with our work from the previous lesson”) refers to the common practice of continuing from the previous lesson (which is contrary to the recommended teaching approaches in the Framework).  It also makes a direct reference to the start of the lesson.  It has negative Likert polarity with regard to the constructs in this cluster, which must be borne in mind when the results for the cluster items are compared.  To preserve the sense of the cluster, the coding for this question is reversed when determining cluster means and proportions (when the results for this item are considered alone the coding is not changed).  Question 26 is relevant in its own right, as responses to it may shed some light on the prevalence of the ‘continue from where you left off’ teaching approach. 

Cluster C addresses ‘direct interactive teaching’.  This lies at the heart of the Strategy, “the recommended approach to teaching is based on ensuring…a high proportion of direct, interactive teaching” (ibid: 26).  In the Framework, direct interactive teaching is described in terms of eight teaching strategies, whose elements are not necessarily disjoint (ibid: 26-27).  Cluster C is addressed by eighteen items in the questionnaire, some relevant to more than one teaching approach.  The following list shows how the eighteen questions relate to the eight approaches (the wording of the questions is available in Appendix 5).

1. Directing and telling: sharing teaching objectives with the class, so that pupils know what they are doing and drawing their attention to particular issues (questions 29, 37 and 43).

2. Demonstrating and modelling: showing, and describing aspects of mathematics (questions 20 and 44).

3. Explaining and illustrating (questions 31, 33 and 35).

4. Questioning and discussing: using appropriate questioning strategies to involve all students in class discussions (questions 28, 31, 34, 35, 39 and 43).

5. Exploring and investigating: problem-solving and following lines of mathematical enquiry including the use of different forms of representation.  (This was not a category in the draft Framework (DfEE, 2000c).  The questionnaire had already been used for the 2001 sample before the final version of the Framework was available.  Hence, no items were devised specifically for this aspect of direct interactive teaching.  It is however, loosely covered by questions 32, 35, 42 and 43.)

6. Consolidating and embedding: reinforcing and developing what has been taught, including work with partners and groups (questions 23, 25, 28, 32, 35 and 42).

7. Reflecting and evaluating: identifying mistakes and misconceptions, giving feedback on the work (questions 23, 28, 34 and 40).

8. Summarising and reminding: reviewing what has been taught and what has been learnt, at (or towards) the end of the lesson.  Identifying misconceptions and giving an insight into further work.  (Question 19, 23, 28, 32, 34, 40 and 45.)

Developing the appropriate wording for each item presented difficulties.  The first draft of the questionnaire was discussed at a research seminar at Exeter University in February 2001 where delegates identified items whose phrasing could be improved.  Some alternatives were suggested.  The analysis of the pupils’ responses to the pilot phase of this project highlighted inconsistencies, unforeseen ambiguities and sources of misunderstanding.  These were addressed by improving the phrasing of some of the items.  

5.11
Methods of Analysis
As I described in the previous chapter (section 4.3), the methodology underpinning this project is ostensibly quantitative, albeit with a tendency to a more interpretative approach than is usually associated with the Scientific Paradigm (I use the phrase ‘painting pictures with numbers’ to describe my approach).  I do not intend to be heavily reliant on statistical techniques in my analysis.  In the two following chapters (6 and 7), I use statistical measures as indicators of features of the data, which I will address discursively.  In Chapter 8 (where I compare the data for 2001 and 2002), I use tests based on the normal distribution for differences between mean scores and proportions for the pupils’ results.  (The details of these tests are outlined in the appropriate appendices).

As I described earlier in this chapter, the pupils’ responses were coded by taking the Likert responses and coding them 1, 2, 3 or 4 depending on the level of agreement with the statement of the item.  (For example, in Section 1, the Likert response ‘strongly agree’ was coded 1 whereas in Section 2 ‘almost always’ was coded 1 etc.)  I used these codings to calculate a mean score and a standard deviation for the pupils’ responses to each item.  I also recorded the proportion of respondents giving Likert positive (i.e. coded 1 or 2) responses to each item.  These statistics were calculated for the whole of the sample in each year and for the boys and the girls separately in Section 1 so that comparative data were available for investigating attitudes.  I calculated Likert positive proportions for the Section 2 items for each class.  Where the teacher and the majority of her class gave responses with the same Likert charge (i.e. positive or negative), I called this agreement between the teacher and the class for that particular item (see Appendices 6.7a & 7.6a).  For each item, the number of agreements from the whole year group was tested for significance using a binomial test (the details of this are explained in Appendices 6.7b & 7.6b).

In the analysis of the data from this project, I chose to use parametric tests since they are generally more powerful than non-parametric tests (Siegel, 1956: 19).  The values 1, 2, 3 and 4 assigned to the Likert responses form an ordinal (order-preserving) scale.  Unfortunately, ordinal scales are not necessarily suited to analysis by parametric means, since their underlying measurement structure does not always justify the use of arithmetic operations.  It is, however, appropriate to use the main parametric tests on interval scales (ibid: 23-29).  It is therefore necessary to establish that the Likert scale points can be treated as occupying equally spaced positions in an interval.  The analysis used throughout this project makes the modelling assumption that the values 1, 2, 3 and 4 used to represent SA, A, D and SD form an interval scale (a similar argument can be made for the responses ‘almost always’ to ‘never’).  In this model, the range of agreement from complete agreement to complete disagreement forms a continuum.  The Likert responses divide this continuum into four equal regions corresponding to the four statements (note: this does not mean that responses will be regularly distributed over this continuum).  Each of these regions can be represented by its midpoint.  These midpoints are evenly spaced.  When these midpoints are assigned the values 1 to 4 (corresponding to Likert responses SA to SD) they form an interval scale. 

Earlier in this chapter, in the description of the clusters of items in the questionnaire, I referred to the statistical analysis of the cluster data and the associated problems.  I have used the term the cluster mean to describe the arithmetic mean of a pupil’s codings for all of the items in a particular cluster.  Where a pupil omitted one or more responses, that pupil’s responses were not included in the analysis of the cluster (although the pupil’s responses to individual items were still taken into account in the analysis of the particular questions).  As a descriptive measure, the cluster mean has limited value (except for the attitudes cluster which has been extensively used by TIMSS).  I have chosen to call a cluster mean of less than 2.5 (the mean and median of the scalings 1 to 4) Likert positive.  Choosing this cut-off value enabled me to call results of at least 2.5 Likert negative, thereby splitting my results into two categories, which is consistent with the presentation of the TIMSS results (Keys et al: 1997). 

In the analysis of TIMSS results, reference is made to the proportion of pupils responding positively to the attitude cluster (ibid).  I chose to indicate the proportion of pupils responding positively to each of the clusters.  To achieve this I found the proportion of students whose cluster mean was Likert positive (i.e. whose cluster mean was less than 2.5).  For example, in my analysis of the 2002 Section 2 results, 36% of the cluster means for Cluster F (consisting of two items) were Likert positive.  However, if I had changed my definition slightly, so that cluster means of 2.5 or less were called Likert positive, then another 86 cluster means of 2.5 would have had to be taken into consideration.  This would have resulted in a positive proportion of 63% instead of 36%.  Hence, for small clusters (especially those consisting of two items), the proportion of Likert positive cluster means may not be helpful.  This is true throughout this account.

I have described some of the problems associated with using the mean of the cluster means and the proportion of Likert positive cluster means, especially for clusters with a small (and even) number of items.  I will not attach much significance to them in the analyses of the 2001 and 2002 data (in chapters 6 and 7), except when comparing the attitudes results with the corresponding TIMSS results.  However, they will be used to compare the two data sets in chapter 8, since they are calculated the same way for each year and therefore comparable.  In the analysis of the data for 2001 and 2002, I have used the cluster data more as a means of identifying related items, rather than as measures of a particular attribute. 

5.12
The Pilot
The pilot phase of this project was carried out in February 2001 (Wilson, 2001).  For consistency, it took place in the school that was used for the full project.  Neither Year 7 nor Year 8 pupils could be used in the pilot since both year groups were to be involved in the full project.  Instead, I ran the pilot with Year 9.  Before issuing the questionnaires, I circulated copies to teachers and the Heads of Year 9 and Key Stage 3 so that they could identify any problems.  In the light of this review, several minor changes were made to the wording of the questionnaire.  In consultation with the head of year, I selected a tutor group (considered to be of ‘mixed ability’) as the sample for the pilot.  Before asking the pupils to complete the questionnaire, I spoke to the group, explaining the purpose of the research and asking the pupils to comment on the questionnaire itself.  A note, explaining the purpose of the questionnaire was attached to each questionnaire. 

Twenty-eight pupils completed the questionnaire.  All of the questionnaires were completed within ten minutes, which was satisfactory (as I wished to engage the pupils’ concentration throughout the questionnaire).  The pupils’ written comments and their responses to the items were analysed for inconsistencies arising from the wording of the questionnaire.  As a result of this analysis, six items (21, 29, 30, 31, 38 and 39) were re-phrased for the final version.

5.13
Validity and Reliability
Issues of reliability and validity have to be addressed in every research project, especially in cases where quantitative methods are used and inferences drawn.  To this end, I adopted a number of strategies for this project.  In particular:

1. I used a questionnaire.

2. As far as possible, I used TIMSS items.  Where there were none available to test particular constructs, I devised items in the TIMSS authorial voice.

3. I used DfEE documentation to determine the constructs being examined in Section 2 of the questionnaire.

4. I referred the test items to researchers and academics at Exeter University and to the teaching staff at the school from which the sample was drawn.

5. I conducted a pilot where not only were results analysed for the consistency of the pupils’ responses to particular clusters of items, but where the pupils were asked to comment on the questionnaire items.

6. I compared the teachers’ responses to Section 2 with the pupils’ as a form of triangulation. 

In the following paragraphs, I will address each of these points in turn.

8 Questionnaire

As I noted earlier in the chapter, the use of a questionnaire can promote reliability.  It offers a consistent format, so that all respondents are asked exactly the same questions.  The questionnaire used Likert-style response options, this promotes consistency in the responses.  This response format also promotes reliability through providing data for analysis in a consistent form.

TIMSS Items

TIMSS was a major international research project, encompassing different societies and educational systems.  The TIMSS documentation refers to the rigour with which the items were developed (Keys et al, 1997 3-6), it may therefore be reasonable to assume that these items were developed with due regard for the demands of validity and reliability.  (In the pilot for this project, the pupils’ responses to clusters of TIMSS items were subjected to analysis, the results of which supported this assumption.).  The items specifically devised for this project were expressed in the TIMSS’ style to promote consistency of presentation of items and to support consistency of responses.

DfEE Documentation

In Chapter 2 (section 2.4.5), I gave a checklist, from a training package for secondary schools (DfEE, 2000a: 57), identifying the main teaching approaches recommended for the Strategy.  In this chapter I have described how I used this checklist as a framework for the derivation of the questionnaire items (see also Appendix 5.1).  This has helped to ensure the validity of the project results through providing coherence and internal consistency within the test items, and accurately addressing the specific approaches to teaching identified by the DfEE as being central to the Strategy. 

Colleagues

In the discussion of the pilot earlier in this chapter, I described how I sought the advice of colleagues in phrasing the items.  Several changes were made as a result of this.  These changes promote validity of the instruments through posing the questions precisely and unequivocally and reliability through making the questions intelligible and transparent to the respondent.

Pilot

As a result of the pilot, six items (21, 29, 30, 31, 38 and 39) were reworded to avoid misunderstandings (Wilson, 2001).  This helps to promote validity through ensuring that each test item addresses the particular construct it is intended to test.  Reliability is promoted through making the constructs being tested in the items clear and explicit to the respondents.

Triangulation

Triangulation is a process used to establish the reliability of results derived from one method through comparison with the results obtained from other methods.  (The term derives from an analogy with surveying, in which measurements are obtained through reference to sightings from two fixed points.)  Bell (1999: 102) describes triangulation as a “multi-method approach” to cross-checking findings.  Triangulation is particularly important in validating the results from interpretative methods (Ernest, 2000b: 39).  As I have described in the previous chapter, the methodology of this research project broadly fits the scientific paradigm, however an opportunity for triangulation was established in the design of the project.

Section 2 of the questionnaire was presented to both groups of Year 8 pupils and their teachers.  Not only did this provide information about the teachers’ perceptions of the teaching approaches they employed, it also enabled me to compare each teacher’s own perceptions of their teaching approaches with those of the pupils from their class.  Had the class teacher’s responses been used as the only indicators of the teaching approaches employed in their classes, some problems with the validity of the results might have been expected.  However, where the teachers’ perceptions of classroom practice (the taught curriculum) matched the pupils’ (the received curriculum), there was corroborating evidence to support the reliability of these results.  The ways in which the teachers’ and pupils’ results for this section were compared is described in more detail in the following chapter (section 6.7).

In addition to the planned mechanism for triangulation described above, the pupils’ additional comments at the end of the questionnaires provided another, limited, opportunity for triangulation.  The small sample of comments from each year provided further evidence about their views of mathematics and the teaching approaches that they had experienced.  Had these comments been treated on their own, problems might have been expected with validity (like the teachers’ responses to Section 2, referred to in the paragraph above).  However, there was an opportunity for triangulation through comparing the broad sweep of these comments with the main outcomes from the project.  This was most marked for the results concerning attitudes.  Section 8.7 deals with the pupils’ comments and their contribution to the overall findings of this project. 

5.14
Ethics

This research project was designed not to interfere with the school curriculum or diminish pupils’ opportunities to learn.  To achieve this end the questionnaire was designed to take only a few minutes to complete.  An explanatory message (see appendix 5.14) was read to the pupils before they started the questionnaire.  They were informed why their responses were sought and that their responses were anonymous, unless they chose to identify themselves.  In either case, each questionnaire was to be treated in strict confidence so that it would have no affect on the pupil’s school career.  I chose not to collate the relevant attendance data for the days that the questionnaires were completed, as I did not wish to identify respondents with their responses.  The pupils were given no indication that their participation was optional, as I wanted as many responses as possible.  However, since I had no record of the attendance on these days, I would have been unable to identify which (if any) pupils had chosen not to participate.  (Several of the returned scripts were only partially completed.  I could not tell how many were returned blank.)

I wished to be able to analyse the responses by teaching group.  This implied that it would be possible to identify teachers’ individual responses.  The explanatory message informed teachers that the information was sought purely for research purposes.  Notwithstanding that strict anonymity was impossible, I reassured them that their responses would be treated in confidence and that no professional judgements would be made about them as a result of their responses.  After one of her classes had returned their questionnaires, one teacher was concerned that some of her pupils might have made derogatory comments about her.  I assured her that I would take no account of offensive or insulting comments (of which there were very few).  However, in accordance with my guarantees of anonymity to the respondents, I was unable to identify those pupils making offensive comments.

I noted all of the pupils’ comments that were relevant to my research areas.  I treated all of these comments consistently.  Some pupils made comments that, in normal circumstances, would have received a response from me (such as requests for a change of set or teacher).  To preserve the anonymity of those pupils who had not identified themselves on their scripts, and in accordance with the promises I had made to the teachers, I did not act on any of these comments.

To protect teacher-pupil relationships and out of concern for the feelings of both the pupils and the teachers, the wording of the items was checked carefully.  Care was taken to ensure that none of the test items were expressed in such a way as to either cause offence or distress, or to be seen as biased or overtly value-laden.  To ensure this, the questionnaire was approved by the mathematics department, the Head of Year 9 and the Head of Key Stage 3 before the pilot.  For example, in one item ‘mother’ was replaced by ‘parents / carers’ in line with school policy and in recognition of the fact that several pupils did not have a mother.

CHAPTER SIX

ANALYSIS OF THE 2001 RESEARCH DATA

The data for this research project were collected from Y8 pupils and teachers in April 2001 and March 2002.  I will consider the 2001 results in this chapter.  (In the next chapter (chapter 7), I will analyse the 2002 results: followed by a comparison of the results in chapter 8.)  Since TIMSS results are available for section 1, I will compare the section 1 data from this project with the TIMSS results.  I will compare the teachers’ responses to section 2 with those of the pupils.

6.1
Measures
Throughout the following analysis, I have analysed the results for the whole population.  For section 2 items, where the responses may vary from class to class, I have also analysed the responses by teaching group

For each questionnaire item, I have calculated the mean of the Likert responses.  I have described mean scores of less than 2.5 as ‘positive’ (corresponding to agreement with the statement of the questionnaire item).  Other mean scores are described as ‘negative’. 

The group of responses ‘strongly agree’ or ‘agree’ (Likert scores 1 & 2) are described as positive.  Similarly, the complementary group of responses is described as negative.  For each questionnaire item, I have stated the proportion of respondents in the positive category.

6.2
2001 Data
2001 Pupil Data (sample size 380)
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Table 6.2 

(More detailed results for the pupils in 2001 are given in appendix 6.2.)

For these results, a mean score of less than 2.5 is consistent with a positive response to the item.  Similarly, a score in the 1 & 2 category greater than 50% is also considered to be a positive response.  These results were tested against the null hypothesis that positive and negative responses were equally likely to be recorded.  With the exception of the six questions listed below, all of the remaining results were significant in both measures (i.e. there is strong evidence that all of the other responses indicate genuine positive and negative responses).

Q3
To do well in mathematics at school you need lots of hard work studying at home

Q4
To do well in mathematics at school you need to memorise the textbook or notes

Q13
Maths is boring

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q42
We use things from everyday life in solving mathematics problems

For each of these items, approximately half of the sample responded positively.  The lack of significance in the results for these six items may reflect either:

1. real variability in the opinions and teaching practices being investigated, or

2. an arbitrariness in the pupils’ responses (possibly as a result of ambiguous wording of the items).

Three of these items concern the pupils’ affective responses to mathematics and the other three concern teaching approaches.  Whereas one would not necessarily expect there to be a high degree of consistency in the pupils’ opinions about mathematics, one might expect there to be some uniformity in the teaching approaches employed across a mathematics department.  Since these items on teaching approaches appear to be clearly worded and two of them were not identified as problematic at the pilot stage (question 39 was reworded as a result of the pilot, see section 5.12), it seems likely that these particular results may reflect variable practice across the department (always more likely in a large department than in a small one).

6.3
Section 1 2001
Comparison with TIMSS

	Q
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9

	2001
	65%
	57%
	52%
	47%
	63%
	90%
	71%
	37%
	84%

	TIMSS
	79%
	71%
	92%
	49%
	81%
	98%
	91%
	30%
	91%
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	Q
	Q10
	Q11
	Q12
	Q13
	Q14
	Q15
	Q16
	Q17
	Q18

	2001
	83%
	37%
	36%
	52%
	23%
	88%
	14%
	68%
	78%

	TIMSS
	86%
	49%
	85%
	30%
	51%
	98%
	29%
	80%
	93%

	
	
	sig
	sig
	sig
	sig
	sig
	sig
	sig
	sig


Table 6.3
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Chart 6.3

(The blue dots represent the paired proportions for each item, the line (y=x) represents

the theoretical line where the TIMSS proportion is the same as in the 2001 results.)

As the above table and chart show, the TIMSS responses had consistently higher positive proportions than the 2001 sample from this research project.  From the research project, only two items (Q8 and Q13) had higher positive response rates than TIMSS.  Question 8 was ‘maths is an easy subject’ and question 13 was ‘maths is boring’.  A test of proportions was carried out for these results; all the proportions (apart from in questions 4 and 10) were significantly different from the TIMSS proportions.  Since section 1 is concerned with pupils’ attitudes to mathematics, it may be concluded that the pupils in this sample generally expressed a more negative view of mathematics than was the case in the TIMSS survey.  The only exception was in the responses to question 8, where a higher proportion of pupils (38% as opposed to 30%) claimed that mathematics is an easy subject.  This inconsistency with the TIMSS results may be indicative of a relatively negative attitude to mathematics in the sample, however, in the evaluation of this research project (chapter 9, section 9.6), I will discuss the validity of the TIMSS attitude results and the possibility that the TIMSS results may not be as relevant to this project as I had initially assumed. 

6.4
Section 1 Clusters
In Chapter 5, I described how both sections of the questionnaire could be analysed in terms of clusters.  In the following tables, the 2001 results for each cluster have been aggregated for the whole sample, and for males and females.  A more detailed analysis of the data is provided in appendix 6.4.

Cluster A comprises two items:

Q1
How much do you like mathematics?

Q18
I usually do well in mathematics at school.  

As I explained in section 5.8, this cluster can be described as being about the rewarding outcomes of mathematics at school.  

	§1 Cluster A
	All 2001
	Females 2001
	Males 2001

	mean
	2.22
	2.30
	2.14

	proportion
	61%
	54%
	68%


Table 6.4a

There were significant differences between the genders in both means and proportions.  It may be inferred that, in this population, the boys’ responses indicated that they found mathematics more rewarding than did the girls.

Cluster B was taken directly from TIMSS and was used to indicate pupils’ attitudes to mathematics (Keys et al: 72, 124).  It comprises five items:

Q5
I enjoy learning maths

Q8
Maths is an easy subject

Q9
Maths is important in everyone’s life

Q11
I would like a job involving maths

Q13
Maths is boring.

Because of the way question 13 was phrased, the scores for this item have been reversed (i.e. 1 and 4 swapped and 2 and 3 swapped) so that the scoring of the items in the cluster is consistent.

	§1 Cluster B
	All 2001
	Females 2001
	Males 2001

	mean
	2.44
	2.51
	2.37

	proportion
	56%
	49%
	61%


Table 6.4b

In this case the there was a significant difference between the genders in proportions and means, lending support to the notion the boys had a more positive attitude to mathematics than did the girls.  The overall percentage expressing a positive attitude to maths was 56%, this compares with the TIMSS result for English pupils of 82% (Beaton et al, 1996: 128).  This is not only statistically significant (with a z-value greater than 18), it is also educationally significant in that there is strong evidence that the pupils in this sample have a markedly less positive to mathematics than that reported for the pupils in the TIMSS national sample.  (Of course, as I have noted, it is possible that the TIMSS results may be misleading: I will discuss this in section 9.6.)

Cluster C concerns beliefs about the contributions that personal attributes and characteristics make to success in mathematics.  It comprises four items:

Q3
To do well in mathematics at school you need lots of hard work studying at home

Q4
To do well in mathematics at school you need to memorise the textbook or notes

Q14
To do well in mathematics at school you need lots of natural talent

Q16
To do well in mathematics at school you need good luck.

As in Cluster B, the scores for items 14 and 16 have been reversed so that the scoring of the responses to these items is consistent.  Under this re-scaling, a positive response may be seen as indicating that the respondent believes that the success in mathematics depends on effort, rather than luck or natural ability.

	§1 Cluster C
	All 2001
	Females 2001
	Males 2001

	mean
	2.21
	2.23
	2.19

	proportion
	68%
	65%
	72%


Table 6.4c

This table indicates that, on the whole, pupils from the 2001 sample were more inclined to attribute success in mathematics to approaches to study, rather than to circumstances beyond their control (such as luck and ‘natural ability’).  There were no significant differences between the boys’ results and the girls’ results.  When the responses to the individual test items are considered (see table 6.2), it can be seen that the pupils’ responses to items 3 and 4 are reasonably neutral (the mean scores and proportions are around 2.5 and 50% respectively).  The responses to items 14 and 16 have high means and low proportions.  This pattern of responses suggests an ambivalence about the value of hard work combined with a clear recognition that success in mathematics is not just a matter of luck and inherited abilities.

Cluster D is concerned with parents’, friends’ and the respondents’ views (respectively) about the importance of doing well in mathematics at school.  It consists of three items:

Q6
My parents/carers think it is important for me to do well in mathematics at school

Q12
Most of my friends think it is important to do well in mathematics at school

Q15
I think it is important for me to do well in mathematics at school.

	§1 Cluster D
	All 2001
	Females 2001
	Males 2001

	mean
	2.1
	2.12
	2.06

	proportion
	84%
	85%
	84%


Table 6.4d

It is reasonable to assume that most parents are keen for their children to be successful.  Therefore, it is likely that at least one of the three responses to this cluster will be positive.  Consequently, the positive nature of the means and proportions of the cluster is to be expected and is not very informative.  However individual strongly positive or negative scores may be an indication of the support for learning mathematics from within the respondents’ social circle.  Across the cluster, the results for boys and girls are similar.  

	
	Q6
	Q12
	Q15

	Overall mean
	1.75
	2.73
	1.83

	Overall proportion
	90%
	36%
	88%

	Girls’ mean
	1.81
	2.66
	1.89

	Girls’ proportion
	89%
	37%
	90%

	Boys’ mean
	1.70
	2.74
	1.76

	Boys’ proportion
	93%
	35%
	87%


Table 6.4d1

When the overall responses to the individual items of the cluster are considered (see table 6.4d1), those to items 6 and 15 were strongly positive, whereas the response to item 12 (about friends’ views of the importance of doing well in mathematics) was negative.  This pattern is common to both boys and girls; there is no appreciable difference in the responses for the genders (apart from question 15 for which the boys’ mean was significantly lower – see appendix 6.4d1).  It is interesting to note that across the sample population, the respondents generally expressed a desire to do well in mathematics themselves but the results indicate that they felt that their friends did not share this desire.  However, it is likely that a large proportion of their friends will have been included in the sample.  This may be explained by a peer-group tendency to play down the importance of success in mathematics (or other academic subjects).  

Cluster E is concerned with reasons for doing well in mathematics.  The reasons discussed in the test items are to please one’s parents, to please oneself, to continue one’s education and to get a job.  All of these are motivating factors for doing mathematics.  This cluster consists of four questions:

Q2
I need to do well in mathematics to please my parent(s)

Q7
I need to do well in mathematics to please myself

Q10
I need to do well in mathematics to get into the college or university I prefer

Q17
I need to do well in mathematics to get the job I want.

	§1 Cluster E
	All 2001
	Females 2001
	Males 2001

	mean
	2.08
	2.15
	2.04

	proportion
	69%
	65%
	73%


Table 6.4e

Again, the cluster results are consistent across the genders.  The table below details the responses to individual questions.

	
	Q2
	Q7
	Q10
	Q17

	Overall means
	2.39
	2.12
	1.79
	2.07

	Overall proportions
	57%
	71%
	83%
	68%

	Girls’ means
	2.53
	2.16
	1.77
	2.16

	Girls’ proportions 
	49%
	71%
	84%
	66%

	Boys’ means
	2.26
	2.11
	1.82
	2.01

	Boys’ proportions
	65%
	71%
	82%
	69%


Table 6.4e1

There is a statistically significant difference between the boys’ and the girls’ results for question 2.  This was the statement in this cluster attracting the least agreement.  In this item, fewer than half of the girls, but nearly two thirds of the boys agreed that they needed to do well in mathematics to please their parents.  These results may reflect a societal expectation for boys to do well in maths, however this cannot be safely inferred from the available data.  There is no appreciable difference between the genders in their responses to the other items (see appendix 6.4e1).  When the items in this cluster are ranked in order of agreement there is a consistent pattern across the genders.  In their responses to question 10, more than 80% of the sample agreed that they needed to do well in mathematics in order to go to college or university.  The next most popular reason was to please themselves (item 7), then to get a job (item 17).  Pleasing their parents (item 2) was the least popular reason.

6.5
Section 2 2001
For section 2, I will discuss the individual results (see table 6.2 and appendix 6.2), before concentrating upon the clusters (unlike Section 1, these are not analysed separately by gender).  At the beginning of this chapter (section 6.2), I noted that there is strong evidence of genuine positive and negative responses in all bar three of the Section 2 results:

Q33
We demonstrate our working to the rest of the class

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing’

Q42
We use things from everyday life in solving mathematics problems.

It is interesting to note that all three of these items were carefully re-worded after being identified in the pilot as having unclear meanings (Wilson 2001).  One word that may still cause confusion in question 33 is demonstrate, which was retained because of its very specific use in the Strategy (DfEE, 2001: 26).  

Of the significant results, the following four items attracted the highest proportions of positive responses.

Q20
The teacher shows us how to do mathematics problems’

Q22
We all do the same work in the lesson

Q24
We work from worksheets or textbooks on our own

Q41
We all work on the same topics.

Before the Strategy, lessons in which the teacher showed the class what to do, followed up by work for the whole class from textbooks or worksheets were common.  Thus, the high agreement rates for these items is unsurprising.

There were three items with strongly negative responses.

Q28
As a class, we discuss what we have learned in the lesson

Q30
The teacher sets different work for some students

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson.

These concern discussing what has been learned, differentiation and the three-part lesson.  Although these approaches to teaching were not unknown before the advent of the Strategy, they represent important aspects of the approaches to teaching recommended in the Framework.

6.6
Section 2 Clusters
Cluster A concerns starters and consists of three questions:

Q26
We start the lesson by carrying on with work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson.

In calculating the mean of the cluster, the coding of item 26 was reversed (so that Likert responses of 1 and 4 are swapped, as are those for 2 and 3).  This makes the Likert responses to the three items consistent.

	
	Q26
	Q27
	Q38
	Cluster mean

	Means
	2.13
	3.02
	3.46
	3.12

	Proportions
	62%
	21%
	9%
	10%


Table 6.6a

62% of the responses to question 26 were positive, as was the mean.  The item was phrased in such a way that a positive response indicated the absence of starters.  As I noted at the beginning of this section, the responses to question 38 were strongly negative.  Only 9% of those responding indicated that lessons were in the three-part format (which incorporates a starter); 88% gave negative responses to this item.  The one item in this cluster directly addressing starters (Q27) attracted positive responses from 21% of the respondents.  These results are not unexpected, as the three-part format for lessons is a feature of the Strategy, and this population had not been affected by the Strategy.  Hence, although the use of starters was identified by only a minority of pupils, the results indicate that mental mathematics at the beginning of lessons (for example mental arithmetic at the start of some lessons) was not unusual either.

Cluster B (questions 29 and 37) concerns the teacher explaining the objectives of the lesson and consists of two questions:

Q29
We know what the teacher wants us to learn about in the lesson

Q37
The teacher explains to us what we are going to learn in the lesson.

	
	Q29
	Q37
	Cluster mean

	Mean
	2.05
	1.99
	2.02

	Proportion
	66%
	65%
	68%


Table 6.6b

The responses to these items are consistent.  Approximately two-thirds of the population indicated that it was common for their mathematics teachers to inform the class of the lesson objectives.

Cluster C is the largest cluster of items, as it addresses direct interactive teaching, the principal teaching approach recommended by the Framework.  This cluster consists of eighteen items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q20
The teacher shows us how to do mathematics problems

Q23
At the end of the lesson we discuss the progress we have made

Q24
We work from worksheets or textbooks on our own

Q28
As a class, we discuss what we have learned in the lesson

Q29
We know what the teacher wants us to learn about in the lesson

Q31
The teacher gets the whole class to discuss our work

Q32
the teacher links our work up to other topics and other subjects

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q37
The teacher explains to us what we are going to learn in the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q40
The teacher discusses common mathematics mistakes with the whole class

Q42
We use things from everyday life in solving mathematics problems

Q43
The teacher discusses the mathematics we are doing with the whole class

Q44
The teacher demonstrates the mathematics we are learning to the whole class

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

The scoring for item 24 was reversed when it was used in the cluster mean; this makes it consistent with the Likert scoring for each of the other items.

	
	Q19
	Q20
	Q23
	Q24
	Q28
	Q29
	Q31
	Q32
	Q33
	Q34

	Mean
	2.95
	1.79
	3.23
	1.61
	3.21
	2.05
	2.95
	3.01
	2.65
	3.01

	Proportion
	25%
	83%
	21%
	86%
	16%
	66%
	29%
	23%
	42%
	24%

	
	Q35
	Q37
	Q39
	Q40
	Q42
	Q43
	Q44
	Q45
	
	Mean

	Mean
	2.74
	1.99
	2.54
	2.35
	2.35
	1.76
	1.74
	2.87
	
	2.58

	Proportion
	35%
	65%
	41%
	55%
	54%
	75%
	75%
	28%
	
	45%


Table 6.6c

As I noted at the beginning of this section, items 33, 39 and 42 are medial and indicate neither positive nor negative responses.  Items 20 and 24 have strongly positive responses and 28 has a strong negative response.  Ignoring items 33, 39 and 42, the items can be split into two groups, negative and positive.  The positive items (20, 24, 29, 37, 40 and 44) mainly concern the teacher showing the class what to do and how to do it.  These are approaches to teaching that one would have expected to be common before the advent of the Strategy.  Of the negative items (19, 23, 28, 31, 32, 34, 35 and 43), six concern class discussions, the others concern summarising the lesson and making links with other subjects.  Taken overall, the responses to this cluster indicate that some aspects of direct interactive teaching (especially the teacher’s didactic role) were identified by the pupils as being used regularly.  However, other aspects of direct interactive teaching (particularly whole-class discussion) were not generally acknowledged as being common.

Cluster D concerns all of the pupils doing the same work.  There are two items in this cluster:

Q22
We all do the same work in the lesson

Q41
We all work on the same topic.

These responses may also be considered in relation to the responses to item 30, ‘the teacher sets different work for some students’.

	
	Q22
	Q41
	Cluster mean
	Q30

	Means
	1.46
	1.33
	1.40
	3.30

	Proportions
	91%
	87%
	92%
	11%


Table 6.6d

The proportions of pupils giving positive responses to questions 22 and 41 are high and reasonably consistent.  Likewise, the means for each item are both strongly positive, despite the fact that the difference between the means for the two items is significant at the 5% significance level.  The responses to the two cluster items indicate that in the majority of lessons, all members of the class work on the same topic.  This analysis is supported by comparison with the related item (question 30 – concerned with the teacher setting different work for different pupils).  Both the mean and the proportion of question 30 are negative, and therefore are consistent with the other items in the cluster. (This may also be viewed as an indication that approaches to differentiation through the use of different tasks were not widely identified by the pupils.)

The theme underlying Cluster E is group-work.  The two items associated with this cluster are phrased oppositely:

Q24
We work from worksheets or textbooks on our own

Q25
We work together in pairs or small groups.

A negative response to question 24 can be viewed as an indication that group-work occurs regularly, whereas, for question 25, the positive responses can be seen as indicating regular group-work.  For the cluster mean, the responses to question 24 have been adjusted to be consistent with question 25.

	
	Q24
	Q25
	Cluster mean

	Mean
	1.61
	2.76
	3.07

	Proportion
	86%
	33%
	9%


Table 6.6e

The responses to this cluster indicate that the pupils do not recognise group-work as being a regular feature of lessons.

Cluster F concerns the discussion of mistakes and misconceptions and consists of two items:

Q34
We discuss our mistakes with the class

Q40
The teacher discusses common mathematics mistakes with the whole class.

	
	Q34
	Q40
	Cluster mean

	Mean
	3.01
	2.35
	2.68

	Proportion
	24%
	55%
	27%


Table 6.6f

The two items in this cluster are worded slightly differently.  Although both refer to discussing mistakes with the class, question 34 refers to the class discussing mistakes, whereas the statement of question 40 refers to the teacher discussing mistakes.  As the above table indicates, the responses to question 34 are negative and those to question 40 are positive.  Thus, it appears from the pattern of pupils’ responses that the teacher discusses errors and misconceptions more often than the pupils do.  (This is consistent with the analysis of Cluster C, where it was noted that class discussion was not identified as a regular part of classroom practice).

The three proportions recorded in the table above may appear confusing.  As I mentioned in chapter 5 on methods, the process of determining the proportion of positive cluster means is problematic.  In my analysis, I have decided to call a cluster mean positive if it is less than 2.5.  In a cluster with two items there may be many cluster means of 2.5, this may produce some unexpected figures.  In this cluster, there were 99 such values.  Had these been classified as positive, then the positive proportion for the cluster mean would have been 54% instead of 27%.  Hence, for small clusters, the positive proportion may not be helpful.  This is true of other clusters considered in this account (especially those with just two items).

Cluster G concerns feedback, where the teacher reports back to the pupils on their progress and learning in the lesson.  This cluster consists of two questions:

Q23
At the end of the lesson, the teacher sums up what our class has learned

Q28
As a class, we discuss what we have learned in the lesson.

	
	Q23
	Q28
	Cluster mean

	Mean
	3.23
	3.21
	3.22

	Proportion
	21%
	16%
	9%


Table 6.6g

As can be seen from the table, the pupils’ responses to these items are consistently negative.  This may be taken as an indication that teachers ‘feeding back’ to the pupils was not a regular feature of lessons.  

Cluster H concerns the teacher summarising the lesson at the end and consists of two items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

	
	Q19
	Q45
	Cluster mean

	Mean
	2.95
	2.87
	2.90

	Proportion
	25%
	28%
	21%


Table 6.6h

The results for the two items are reasonably consistent and negative.  Only about a quarter of the respondents indicated that it was a common occurrence for the teacher to summarise the lesson.  

Cluster I is concerned with the teacher making ‘links’ and connections with other topics and subjects.  It consists of two questions:

Q32
The teacher links our work up to other topics and other subjects

Q42
We use things from everyday life in solving mathematics problems.

	
	Q32
	Q42
	Cluster mean

	Mean
	3.01
	2.35
	2.68

	Proportion
	23%
	54%
	28%


Table 6.6i

The results for the two items are quite different.  For question 32 the results are negative, whereas those for question 42 show a slight tendency to be positive (however, as noted earlier, these responses were not positive enough to be statistically significant).  The wording of the two questions was rather different.  Question 32 refers to making links with other topics and other subjects, whereas question 42 refers to using examples from everyday life, not necessarily from other areas of the curriculum.  From the evidence available, it is impossible to determine whether the difference in the responses can be attributed to pupils distinguishing between these two statements.  (The lack of statistical significance of the positive responses to question 42 may suggest that the item was not understood properly and thus elicited arbitrary responses). 

Cluster J is concerned with there being a clearly defined end to the lesson.  It consists of five items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q21
We have a ‘finishing off’ activity at the end of the lesson

Q23
At the end of the lesson we discuss the progress we have made

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

	
	Q19
	Q21
	Q23
	Q38
	Q45
	Mean

	Means
	2.95
	2.99
	3.23
	3.46
	2.87
	3.10

	Proportions
	25%
	25%
	21%
	9%
	28%
	15%


Table 6.6j

This cluster consists of items that contribute to other clusters (only question 21 addresses the general issue of end of lesson activities).  However, (with the exception of question 38 which refers to all of the components of the three part lesson), the response patterns are very similar and negative.  Broadly speaking, only about a quarter of the pupils in the sample indicated that end of lesson activities were common practice.

Cluster K concerns mental and oral work in lessons.  It consists of seven items:

Q27
There is a ‘mental mathematics’ starter for the whole class

Q31
The teacher gets the whole class to discuss our work

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q36
We do ‘mental mathematics’ during the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q40
The teacher discusses common mistakes with the whole class.

As in Cluster J, many of these items appear in other clusters.  Like question 42 in Cluster I, the responses to question 39 are too evenly balanced for them to be described as either positive or negative.

	
	Q27
	Q31
	Q34
	Q35
	Q36
	Q39
	Q40
	Mean

	Means
	3.02
	2.95
	3.01
	2.74
	2.70
	2.54
	2.35
	2.75

	Proportions
	21%
	29%
	24%
	35%
	34%
	41%
	55%
	31%


Table 6.6k

With the exception of question 40, the responses are negative.  (Ignoring the evenly balanced responses to question 39, a third, or fewer, of pupils provided positive responses.)  The responses to question 40 (‘the teacher discuses common mathematical mistakes with the whole class’) had a slight tendency to be positive.  It is possible that ‘the teacher discusses’ may be interpreted as ‘the teacher talks about’, which may explain the apparent discrepancy between the results; from these results, it is impossible to determine whether this is the case.  Generalising from these responses, there is some indication that the majority of pupils did not consider mental and oral mathematics to be a common feature of maths lessons, although a sizeable minority (25% to 30%) did.

6.7
Teachers’ Results
To help triangulate the Section 2 data, the teachers’ responses were compared with the class response for each item (see appendix 6.7a).  In April 2001, questionnaires were not received from three teachers, so the data are based on fourteen sets of teacher responses.  This is, of course, a small sample population, so it is unwise to infer too much from it.  For each item, the level of agreement between the overall class response and the teacher’s response is recorded in appendix 6.7b.  Table 6.7, on the following page, compares the overall teacher responses to section 2 with the overall pupil responses.

	Question
	19
	20
	21
	22
	23
	24
	25
	26
	27

	Teacher mean
	2.21
	1.21
	2.79
	1.64
	2.21
	2.00
	2.36
	2.50
	2.43

	Teacher proportion
	53%
	82%
	18%
	76%
	47%
	76%
	47%
	41%
	35%

	Pupil mean
	2.95
	1.79
	2.99
	1.46
	3.23
	1.61
	2.76
	2.13
	3.02

	Pupil proportion
	25%
	83%
	25%
	91%
	21%
	86%
	33%
	62%
	21%

	Question
	28
	29
	30
	31
	32
	33
	34
	35
	36

	Teacher mean
	2.07
	1.29
	2.50
	2.14
	2.57
	2.29
	2.57
	2.50
	1.79

	Teacher proportion
	47%
	82%
	41%
	59%
	41%
	59%
	35%
	41%
	65%

	Pupil mean
	3.21
	2.05
	3.30
	2.95
	3.01
	2.65
	3.01
	2.74
	2.70

	Pupil proportion
	16%
	66%
	11%
	29%
	23%
	42%
	24%
	35%
	34%

	Question
	37
	38
	39
	40
	41
	42
	43
	44
	45

	Teacher mean
	1.36
	2.36
	1.36
	1.71
	1.43
	2.07
	1.50
	1.50
	2.07

	Teacher proportion
	76%
	53%
	76%
	76%
	82%
	59%
	76%
	82%
	59%

	Pupil mean
	1.99
	3.46
	2.54
	2.35
	1.33
	2.35
	1.76
	1.74
	2.87

	Pupil proportion
	65%
	9%
	41%
	55%
	87%
	54%
	75%
	75%
	28%


Table 6.7

A brief inspection of the table reveals that the teacher means were generally lower than the pupil means and the teacher proportions were generally higher than the pupil proportions (i.e. the teachers’ responses were, on the whole, more positive).  This was not unexpected, since the teachers may well have been more inclined to emphasise the variety of their teaching approaches, especially those that they associated with the Numeracy Strategy in KS2.  The pupils, on the other hand, could be expected to have neither the teachers’ awareness of the KS2 Strategy, nor the degree of critical awareness necessary to detect subtleties of teaching style.

Appendix 6.7b analyses the level of agreement between the teachers’ responses and the overall pupil responses for each item (i.e. where a teacher’s Likert response has the same positive or negative ‘charge’ as the majority of the class).  These data were available for 14 classes.  Using a binomial test for significance with the null hypothesis that the chance of agreement is one half, critical values (of 2 and 12 agreements) were established at the 5% significance level.  It is important to note that a significant level of agreement indicates a consistency of response between the teacher and the class for that item, and does not imply that all of the classes’ and teachers’ responses were the same for that item.  What it does indicate is that, generally, the charge of the teachers’ responses agreed with the charge for their classes for that item (some could be in positive agreement, some in negative agreement).  In only seven of the 27 items were there significant levels of agreement between the pupils’ and the teachers’ responses for their classes.  These items were:

Q20
The teacher shows us how to do mathematics problems

Q22
We all do the same work in the lesson

Q24
We all work from worksheets or textbooks on our own

Q29
We know what the teacher wants us to learn about in the lesson

Q41
We all work on the same topic

Q43
The teacher discusses the mathematics we are doing with the whole class

Q44
The teacher demonstrates the mathematics we are learning to the whole class.

These were also the seven items with the strongest positive responses from the sample of teachers.  Of these items, questions 20, 22, 24 and 41 (concerning approaches to teaching where the teacher tells the class what to do and then sets work from textbooks or worksheets) were identified earlier in this chapter as having attracted the strongest responses from the pupils.  The data from the teachers supports the pupils’ responses for these items.  Items 29, 43 and 44 concern the teacher informing the class about the objectives of the lessons and discussing mathematics.

Although not significant, in a further six items the teachers’ and pupils’ responses agreed for the majority of classes.

Q21
We have a ‘finishing off’ activity at the end of the lesson

Q26
We start the lesson by carrying on with our work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q37
The teacher explains to us what we are going to learn in the lesson

Q40
The teacher discusses common mathematical mistakes with the whole class

Q42
We use thing from everyday life in solving mathematical problems.

Ten of the items had agreement rates of less than 50%, though none were significant.

Q23
At the end of the lesson we discuss the progress we have made

Q25
We work together in pairs or small groups

Q28
As a class, we discuss what we have learned in the lesson

Q30
The teacher sets different work for some students

Q31
The teacher gets the whole class to discuss our work

Q32
The teacher links our work up to other topics and other subjects

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned

These items covered many aspects of the three-part lesson and direct interactive teaching.  In particular, these responses indicate that, from the teachers’ perspective, the three-part lesson structure and class discussion were more common than was indicated by the pupils’ results.  

In summary, the data from the teachers confirms the prevalence of a style of teaching in which the teacher tells the pupils what to do and asks them to work from textbooks and work sheets.  There is some agreement between teachers and pupils that the teacher discusses the work with the class, however (as noted earlier in this chapter) ‘the teacher discusses’ may be interpreted by pupils as ‘the teacher talks about’.  The teachers’ results indicate that some caution should be exercised in drawing inferences from items 23, 25, 28, 30, 31, 32, 33, 38, 39 and 45 (listed in the paragraph above).

6.8
Summary of the 2001 Data
Section 1
Pupils’ attitudes to mathematics

1. The pupils’ responses were consistently less positive than the English sample in the TIMSS research.

2. In terms of measures of attitude to maths, the boys were more positive than the girls.

3. Using TIMSS measures, the percentage of pupils in the sample expressing a positive attitude to mathematics was 56%, compared with 82% in the TIMSS sample.

4. There is an indication that the pupils believed their peers to consider success in mathematics to be less important than they did.  This may have some influence on their public behaviour in relation to learning mathematics.

5. Nearly two thirds of the boys, but fewer than half of the girls indicated that they wished to do well in mathematics to please their parents.  This may reflect gender stereotyping; different expectations of and from boys and girls. 

Section 2
Mathematics Lessons

1. Both the pupils’ and teachers’ responses indicated that a classroom approach where the teacher explains and demonstrates the mathematics to be learned, followed by work from textbooks and worksheets was common.

2. There was little evidence from the pupils’ responses of the use of three-part lessons, discussion of what has been learned and differentiation.  However, the teachers’ responses indicated that these approaches were more common than was indicated by the pupils’ results.

3. Although there was some evidence of the use of starters, the results indicate that this was relatively uncommon.

4. About two-thirds of the pupils indicated that their teachers informed them of the objectives for their lessons. 

5. Some aspects of direct interactive teaching were identified as being used regularly (especially those aspects that concern the teacher in instructing, explaining and demonstrating).  However, other aspects of direct interactive teaching (particularly whole-class discussion) were not generally acknowledged as being common.

6. In the majority of lessons, all of the pupils worked on the same topic.

7. Group work was not a regular feature of lessons.

8. There is an indication that mistakes and misconceptions are discussed, but by the teacher, rather than as a class activity.

9. Feeding back to pupils on their progress was not identified as a regular classroom activity.

10. In only about a quarter of pupils’ responses was summarising the lesson at the end identified as a regular activity.

11. No inferences can be drawn from the pupils’ responses about the regularity with which mathematics lessons are contextualised by making links and connections to other topics and subject areas.

12. About a quarter of the pupils’ responses indicate that their lessons regularly have clearly defined endings.

13. The majority of responses indicated that mental and oral mathematics was not a common feature of maths lessons, although a sizeable minority (25% to 30%) did.  This suggests mixed practice across the year group 

14. The teachers’ responses were more inclined to be positive than the pupils’ responses.  There were seven items (out of 27) for which there was significant agreement between the teachers’ and the pupils’ responses.  The teaching approaches identified by these items coincide with those described in part 1 of this summary (see above).

CHAPTER SEVEN

ANALYSIS OF THE 2002 RESEARCH DATA

The data used in this chapter were collected in March 2002.  The data for Section 1 came from the pupils only.  Pupils and teachers provided data for Section 2.  The structure of this chapter will be the same as the previous chapter.  I will analyse the results for Section 1 first and compare them with the TIMSS results.  I will then analyse the pupils’ responses to Section 2 and compare them with the teachers’ responses.  (There will be a comparison of the 2001 and the 2002 results in the next chapter).  The statistical measures used in this chapter are the same as those used in the previous chapter.

7.1
2002 DATA
The mean scores for each item and the positive proportions (see section 6.1) are given in the table on the following page.

2002 Pupil Data (sample size 331)
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Q
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31

32

33
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Mean

2.92

1.84

3.40

2.88
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2.48

2.80

2.46
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1&2

30%

85%

10%

31%

31%

48%

40%

55%

37%
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37

38

39

40

41
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43
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45

Mean

1.95

3.30

2.45

2.24

1.34

2.30

1.71

1.71

2.68

1&2

75%

16%

52%

67%

94%

60%

84%

84%

40%


Table 7.1

(More detailed results for the pupils in 2002 are given in appendix 7.1.)

As in the previous chapter, a mean score of less than 2.5 is treated as a positive response to the item.  Similarly, a score in the 1 & 2 category greater than 50% is also considered to be a positive response.  Like the 2001 results, these results were tested against the null hypothesis that positive and negative responses were equally likely to be recorded (these results are contained in appendix 7.1).  Apart from the seven questions listed below, all of the remaining results (either positive or negative) were significant in both measures (i.e. there is strong evidence that all of the other responses indicate genuine positive and negative responses).

Q4
To do well in mathematics at school you need to memorise the textbook or notes

Q12
Most of my friends think it is important to do well in mathematics at school

Q13
Maths is boring

Q26
We start the lesson by carrying on with our work from the previous lesson

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q35
We explain our methods to the rest of the class

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing.

For the previous cohort (2001), all, but six of the results were significant.  Among these six were questions 4, 13, 33, 39 (included in the list above).  The two others were:

Q3
To do well in mathematics at school you need lots of hard work studying at home

Q42
We use things from everyday life in solving mathematics problems. 

As I discussed in the previous chapter (section 6.2), one might expect more variability (and therefore less of a tendency to significant results) in the responses to the attitudes questions than in the teaching approaches questions.  Of the medial results to the items concerning teaching approaches listed above, only question 39 was reworded after being identified as ambiguous in the pilot.  (Note that, for both years, the responses to questions 4, 13, 33 and 39 were not significant.)  As discussed in the previous chapter this may indicate either:

that these items attracted arbitrary responses or

the variable use teaching approaches across the department.

However, neither of these conclusions can be inferred from the data.

7.2
Section 1 2002
Comparison with TIMSS

	Q
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9

	2002
	68%
	61%
	59%
	46%
	65%
	92%
	79%
	42%
	88%

	TIMSS
	79%
	71%
	92%
	49%
	81%
	98%
	91%
	30%
	91%

	
	sig
	sig
	sig
	
	sig
	sig
	sig
	sig
	sig

	Q
	Q10
	Q11
	Q12
	Q13
	Q14
	Q15
	Q16
	Q17
	Q18

	2002
	90%
	39%
	48%
	52%
	31%
	92%
	12%
	72%
	80%

	TIMSS
	86%
	49%
	85%
	30%
	51%
	98%
	29%
	80%
	93%

	
	
	sig
	sig
	sig
	sig
	sig
	sig
	sig
	sig


Table 7.2 (Details of this analysis are contained in Appendix 7.2)
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(Chart 7.2)

(The blue dots represent the paired proportions for each item, the line (y=x) represents

the theoretical line where the TIMSS proportion is the same as in the 2002 results.)
A test of proportions was carried out for these results.  Apart from three questions

Q8
Maths is an easy subject

Q10
I need to do well in mathematics to get into the college or university I prefer

Q13
Maths is boring,

the TIMSS responses had consistently higher positive proportions than the 2002 sample from this research project (as in 2001).  The 2002 positive response proportions for questions 8 and 13 were significantly higher than the TIMSS proportion, whereas that for question 10 was higher but not significant.  This is illustrated in the table and chart above.  Since section 1 is concerned with pupils’ attitudes to mathematics, these data may be seen as an indication that the pupils in this sample generally expressed a more negative view of mathematics than was the case in the TIMSS national survey.  As I noted in the previous chapter (section 6. 3), this may indicate a relatively negative attitude to mathematics in this sample (and the first sample).  It must be borne in mind however, that comparison of the sample results with the TIMSS results may have been less appropriate than I had initially assumed when I planned the project.  I will discuss this in chapter 9 (section 9.6). 

7.3
Section 1 Clusters
As with the 2001 results, the 2002 results for each cluster have been aggregated for the whole sample, and for males and females.  These results are presented in separate tables.  A more detailed analysis of the data for the clusters is provided in appendix 7.3.

Cluster A, about the rewarding outcomes of school mathematics, comprises two items:

Q1
How much do you like mathematics?

Q18
I usually do well in mathematics at school.

	§1 Cluster A
	All 2002
	Females 2002
	Males 2002

	mean
	2.19
	2.19
	2.18

	proportion
	64%
	65%
	64%


Table 7.3a

This year, there were no significant differences between the genders in both means and proportions (see appendix 7.3).  Thus, unlike the 2001 sample, there is no evidence from the 2002 sample that the boys found mathematics more rewarding than the girls did.

Cluster B consists of the five TIMSS items on attitude (with the scoring for item 13 reversed, as described previously).

Q5
I enjoy learning maths

Q8
Maths is an easy subject

Q9
Maths is important in everyone’s life

Q11
I would like a job involving maths

Q13
Maths is boring.

	§1 Cluster B
	All 2002
	Females 2002
	Males 2002

	mean
	2.39
	2.39
	2.39

	proportion
	59%
	57%
	61%


Table 7.3b

For the 2002 sample, there was no significant difference between the genders in proportions and means, unlike the previous year.  The overall percentage expressing a positive attitude to maths was 59%, a slight increase upon the previous year, but still low (and highly significant too, z = -10.5) compared with the TIMSS result for English pupils of 82% (Beaton et al, 1996: 128).  (As I mentioned earlier, I will review the relevance of the TIMSS results in chapter 9, section 9.6.)

Cluster C concerns personal attributes and characteristics and their relationship to success in mathematics.  It comprises four items:

Q3
To do well in mathematics at school you need lots of hard work studying at home

Q4
To do well in mathematics at school you need to memorise the textbook or notes

Q14
To do well in mathematics at school you need lots of natural talent

Q16
To do well in mathematics at school you need good luck.

(In this cluster, the scores to items 14 and 16 have been reversed for consistency.)  A positive response to this cluster may be seen as indicating that the respondent believes that the success in mathematics depends on effort, rather than luck or natural ability.

	§1 Cluster C
	All 2002
	Females 2002
	Males 2002

	mean
	2.24
	2.24
	2.22

	proportion
	67%
	68%
	67%


Table 7.3c

This indicates that, as in the previous year, pupils from the 2002 sample were more inclined to attribute success in mathematics to approaches to study, rather than to circumstances beyond their control (such as luck and ‘natural ability’).  This interpretation is supported by an analysis of the responses to the individual items comprising this cluster (see table 7.1).  There were no significant differences between the boys’ results and the girls’ results for the cluster and for the individual cluster items (see appendix 7.3c1).

Cluster D is concerned with parents’, friends’ and the respondents’ views (respectively) about the importance of doing well in mathematics at school.  It consists of three items:

Q6
My parents/carers think it is important for me to do well in mathematics at school

Q12
Most of my friends think it is important to do well in mathematics at school

Q15
I think it is important for me to do well in mathematics at school.

	§1 Cluster D
	All 2002
	Females 2002
	Males 2002

	mean
	2.02
	2.04
	1.98

	proportion
	87%
	88%
	88%


Table 7.3d

In the previous chapter (section 6.4, p100), I noted that the means and proportions for the cluster are likely to be positive, since the majority of parents are keen for their children to be successful.  As in the previous chapter, I have looked at the responses to the individual items within this cluster (see table 7.1).  The pattern of responses is similar to 2001.  Those to items 6 and 15 were strongly positive, whereas the response to item 12 (about friends’ views of the importance of doing well in mathematics) was negative.  As I explained in the previous chapter, this may be explained by a peer-group tendency to play down the importance of success in mathematics (or other academic subjects).  The boys’ and girls’ results for the items in this cluster are similar (see appendix 7.3d1).  (However, in question 6 there were similar proportions of boys and girls responding positively, but 44% of the boys agreed strongly, compared with 29% of the girls.  This resulted in the boys’ mean for this item being significantly higher than the girls’.)

Cluster E consists of four questions, concerned with reasons (or motivating factors) for doing well in mathematics 

Q2
I need to do well in mathematics to please my parent(s)

Q7
I need to do well in mathematics to please myself

Q10
I need to do well in mathematics to get into the college or university I prefer

Q17
I need to do well in mathematics to get the job I want.

	§1 Cluster E
	All 2002
	Females 2002
	Males 2002

	mean
	1.99
	2.01
	1.93

	proportion
	78%
	77%
	80%


Table 7.3e

Again, the cluster results are consistent across the genders (se appendix 7.3).  Unlike the 2001 results, there is no statistically significant difference between the boys’ and the girls’ results for any of the items (see appendix 7.3e1).  When the items in this cluster are ranked in order of agreement there is the same pattern (in both genders) as in 2001.  More than 85% of the sample agreed that they needed to do well in mathematics in order to go to college or university (item 10).  The next most popular reason was to please themselves (item 7), then to get a job (item 17).  Pleasing their parents (item 2) was the least popular reason (although still positive).

7.4
Section 2
For section 2, I will discuss the individual results (see table 7.1 and appendix 7.1), before concentrating upon the clusters.  Earlier in this chapter (section 7.1), I noted that there is strong evidence that all but the following four Section 2 questions indicate genuine positive and negative responses.

Q26
We start the lesson by carrying on with our work from the previous lesson

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q35
We explain our methods to the rest of the class

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing.

Of the significant results, the following items attracted the highest proportions of positive responses (as they did in 2001).

Q20
The teacher shows us how to do mathematics problems.

Q22
We all do the same work in the lesson

Q24
We work from worksheets or textbooks on our own

Q41
We all work on the same topic

As I noted in section 6.5, before the Strategy, lessons where the teacher showed the class what to do, followed up by work for the whole class from textbooks or worksheets were common.  Thus, the high agreement rates for these items are unsurprising.

The items with lowest proportions of positive responses were:

Q21
We have a ‘finishing off’ activity at the end of the lesson 

Q30
The teacher sets different work for some students

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson.

These item concern discussing what has been learned, differentiation and the three-part lesson.  They represent important aspects of the approaches to teaching recommended in the Framework. (In 2001, the items with the lowest proportions of positive responses were 30, 38 (listed above) and 28 ‘As a class, we discuss what we have learned in the lesson’).  I will compare the 2001 and 2002 responses in the next chapter.

7.5 Section 2 Clusters

Cluster A concerns starters and consists of three questions:

Q26
We start the lesson by carrying on with work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson.

As in the last chapter, the coding for item 26 has been reversed for aggregation into the cluster result.

	
	Q26
	Q27
	Q38
	Cluster mean

	Means
	2.41
	2.63
	3.30
	2.84

	Proportions
	59%
	35%
	16%
	24%


Table 7.5a

59% of the responses to question 26 were positive, as was the mean.  The item was phrased in such a way that a positive response indicated the absence of starters.  As I noted at the beginning of this section, the responses to question 38 were strongly negative.  Only 16% of those responding indicated that lessons were in the three-part format (which incorporates a starter); 82% gave negative responses to this item.  Question 27 was the only item in this cluster directly addressing starters; it attracted positive responses from 35% of the respondents.  Although the strategy had been implemented for this population, fewer than 50% of the population indicated that ‘starters’ were a common feature of maths lessons.

Cluster B (questions 29 and 37) concerns the teacher explaining the objectives of the lesson and consists of two questions:

Q29
We know what the teacher wants us to learn about in the lesson

Q37
The teacher explains to us what we are going to learn in the lesson.

	
	Q29
	Q37
	Cluster mean

	Mean
	1.84
	1.95
	1.90

	Proportion
	85%
	75%
	77%


Table 7.5b

The responses to these items are consistent. Over three-quarters of the population indicated that it was common for their mathematics teachers to inform the class of the lesson objectives.

Cluster C is the largest cluster of items, as it addresses direct interactive teaching, the principal teaching approach recommended by the Framework.  This cluster consists of eighteen items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q20
The teacher shows us how to do mathematics problems

Q23
At the end of the lesson we discuss the progress we have made

Q24
We work from worksheets or textbooks on our own

Q28
As a class, we discuss what we have learned in the lesson

Q29
We know what the teacher wants us to learn about in the lesson

Q31
The teacher gets the whole class to discuss our work

Q32
the teacher links our work up to other topics and other subjects

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q37
The teacher explains to us what we are going to learn in the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q40
The teacher discusses common mathematics mistakes with the whole class

Q42
We use things from everyday life in solving mathematics problems

Q43
The teacher discusses the mathematics we are doing with the whole class

Q44
The teacher demonstrates the mathematics we are learning to the whole class

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

The scoring for item 24 was reversed in the aggregation of the cluster result.

	
	Q19
	Q20
	Q23
	Q24
	Q28
	Q29
	Q31
	Q32
	Q33
	Q34

	Mean
	2.69
	1.64
	2.98
	1.72
	2.92
	1.84
	2.88
	2.92
	2.48
	2.80

	Proportion
	37%
	89%
	27%
	89%
	30%
	85%
	31%
	31%
	48%
	40%

	
	Q35
	Q37
	Q39
	Q40
	Q42
	Q43
	Q44
	Q45
	
	Mean

	Mean
	2.46
	1.95
	2.45
	2.24
	2.30
	1.71
	1.71
	2.68
	
	2.45

	Proportion
	55%
	75%
	52%
	67%
	60%
	84%
	84%
	40%
	
	58%


Table 7.5c

As I noted earlier in this chapter (section 7.1), items 33, 35 and 39 are medial and indicate neither positive nor negative responses.  Items 20 and 24 have strongly positive responses (as in 2001); none of the items has a particularly strong negative response.  Ignoring items 33, 35 and 39, the items can be split into two groups, positive and negative.  The positive items are items 20, 24, 29, 37, 40, 42, 43 and 44.  These items concern the teacher making clear what the lesson is about, showing the class what to do and the teacher discussing the work (including errors) and using everyday contexts.  Of the negative items (19, 23, 28, 31, 32, 34 and 45), four concern class discussions, the others concern summarising the lesson and making links with other subjects.  The response patterns are similar to the previous year.  The main differences are:

· item 42, about using contexts from everyday life, was medial and is now positive,

· item 43, about the teacher discussing the maths being done, is now positive (instead of negative)

· and the responses to item 35, about pupils explaining methods to the rest of the class, are now evenly balanced, and no longer negative.

Again, the responses to this cluster indicate that the some aspects of direct interactive teaching (especially those concerning the more traditional aspects of the teacher’s didactic role) were identified by the pupils as being used regularly.  However, other aspects of direct interactive teaching (summarising, placing the mathematics in a relevant context and promoting whole-class discussion) were not generally acknowledged as being common, though the pupils recorded their use more frequently in 2002 than in 2001 (as I shall discuss in the next chapter; section 8.6).

Cluster D concerns all of the pupils doing the same work.  There are two items in this cluster:

Q22
We all do the same work in the lesson

Q41
We all work on the same topic.

These responses may also be considered in relation to the responses to item 30, ‘the teacher sets different work for some students’.

	
	Q22
	Q41
	Cluster mean
	Q30

	Means
	1.39
	1.34
	1.37
	3.40

	Proportions
	93%
	94%
	94%
	10%


Table 7.5d

The pupils’ responses to questions 22 and 41 are positive and consistent, indicating that in the majority of lessons, all members of the class work on the same topic.  The responses to question 30 (which is phrased in such a way as to mean the opposite of the two other cluster items) are strongly negative, and therefore are consistent with the other items in the cluster.  (The responses to question 30 also suggest that differentiation through setting different tasks was not a common teaching approach.)

The theme underlying Cluster E is group-work.  The two items associated with this cluster are phrased oppositely:

Q24
We work from worksheets or textbooks on our own

Q25
We work together in pairs or small groups.

As in the previous chapter, the responses to question 24 have been adjusted in the aggregation of the cluster mean.

	
	Q24
	Q25
	Cluster mean

	Mean
	1.72
	2.81
	3.04

	Proportion
	89%
	29%
	6%


Table 7.5e

As in 2001, the responses to this cluster indicate that the pupils do not recognise group-work as being a regular feature of lessons.

Cluster F concerns the discussion of mistakes and misconceptions and consists of two items:

Q34
We discuss our mistakes with the class

Q40
The teacher discusses common mathematics mistakes with the whole class.

	
	Q34
	Q40
	Cluster mean

	Mean
	2.80
	2.24
	2.52

	Proportion
	40%
	67%
	36%


Table 7.5f

The response patterns to this cluster are similar to those in 2001.  Although both items refer to discussing mistakes with the class, question 34 refers to the class discussing mistakes, whereas question 40 refers to the teacher discussing mistakes.  It appears from the pattern of pupils’ responses that the teachers discuss errors and misconceptions more often than the pupils.  (Again, this is consistent with the analysis of Cluster C, where it was noted that class discussion was not identified as a regular part of classroom practice).  As I described in Chapter 6 (section 6.6) on methods, there can be problems arising as a result of working with the proportion of positive cluster means.  In my analysis, I have decided to call a cluster mean positive if it is less than 2.5.  In a cluster with two items, there may be many cluster means of 2.5, this may produce some unexpected figures.  In this cluster, there were 86 such values.  Had these been classified as positive, then the positive proportion for the cluster mean would have been 63% instead of 36%.

Cluster G concerns feedback, where the teacher reports back to the pupils on their progress and learning in the lesson.  This cluster consists of two questions:

Q23
At the end of the lesson, the teacher sums up what our class has learned

Q28
As a class, we discuss what we have learned in the lesson.

	
	Q23
	Q28
	Cluster mean

	Mean
	2.98
	2.92
	2.95

	Proportion
	27%
	30%
	26%


Table 7.5g

As in 2001, the pupils’ responses to these items are consistently negative.  This may be taken as an indication that teachers ‘feeding back’ to the pupils was not a regular feature of lessons.  

Cluster H concerns the teacher summarising the lesson at the end and consists of two items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

	
	Q19
	Q45
	Cluster mean

	Mean
	2.69
	2.68
	2.69

	Proportion
	37%
	40%
	29%


Table 7.5h

(Note that, for this cluster, there were 68 cluster means of 2.5.  As I explained in my analysis of cluster F, this makes the proportion of positive cluster means inconsistent with the proportions for the individual cluster items.)  The results for the two items are reasonably consistent and negative.  Just over a third of the respondents indicated that it was a common occurrence for the teacher to summarise the lesson (compared with about a quarter the previous year).  

Cluster I is concerned with the teacher making ‘links’ and connections with other topics and subjects.  It consists of two questions:

Q32
The teacher links our work up to other topics and other subjects

Q42
We use things from everyday life in solving mathematics problems.

	
	Q32
	Q42
	Cluster mean

	Mean
	2.92
	2.30
	2.61

	Proportion
	31%
	60%
	27%


Table 7.5 i

As in 2001, the results for the two items are quite different.  The results for question 32 are negative, whereas those for question 42 are positive (however, even in this case, it should be noted that 40% of the pupils indicated that the application of mathematics to ‘everyday things’ was not a regular classroom approach).  In the previous chapter (section 6.6), I noted that the wording of the two questions was rather different.  As for the 2001 data, it is impossible to determine whether the difference in the responses can be attributed to pupils distinguishing between these two statements. 

Cluster J is concerned with there being a clearly defined end to the lesson.  It consists of five items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q21
We have a ‘finishing off’ activity at the end of the lesson

Q23
At the end of the lesson we discuss the progress we have made

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

	
	Q19
	Q21
	Q23
	Q38
	Q45
	Mean

	Means
	2.69
	3.17
	2.98
	3.30
	2.68
	2.97

	Proportions
	37%
	15%
	27%
	16%
	40%
	20%


Table 7.5j

These items address different aspects of ‘end of lesson activities’.  The response patterns for this cluster are broadly similar and negative.  In 2001, about a quarter of the pupils in the sample indicated that end of lesson activities were common practice, however in 2002 the positive proportions for the individual items were more variable and varied between 15% and 40%.

Cluster K concerns mental and oral work in lessons.  It consists of seven items:

Q27
There is a ‘mental mathematics’ starter for the whole class

Q31
The teacher gets the whole class to discuss our work

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q36
We do ‘mental mathematics’ during the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q40
The teacher discusses common mistakes with the whole class.

As I noted earlier (in section 7.1 and in this section when I discussed cluster C), the responses to questions 35 and 39 were not significant by either of the statistical measures and were unable to be classified as either positive or negative.

	
	Q27
	Q31
	Q34
	Q35
	Q36
	Q39
	Q40
	Mean

	Means
	2.63
	2.88
	2.80
	2.46
	2.67
	2.45
	2.24
	2.59

	Proportions
	35%
	31%
	40%
	55%
	37%
	52%
	67%
	40%


Table 7.5k

With the exception of questions 35, 39 and 40, the responses are negative (of the three exceptions, only item 40 can be considered positive since the others are medial, as noted above).  As in 2001 (ignoring the medial items and question 40), approximately a third of the pupils provided positive responses.  As I discussed in the previous chapter (section 6.6), the wording of item 40 may explain the apparent discrepancy between the results.  Considering the cluster results as a whole, there is some evidence that only about a third of the 2002 sample considered mental and oral mathematics to be a common feature of maths lessons (however, this is an increase on the 2001 figures as I describe in section 8.6 of the next chapter).

7.6
Teachers’ Results
As in the previous chapter, the teachers’ responses were compared with the class responses (see appendix 7.6a).  The data for March 2002 were drawn from eighteen sets of teacher responses.  As this is a small sample, it is unsafe to infer too much from it.  For each item, the level of agreement between the overall class response and the teacher’s response is recorded in appendix 7.6b.  Table 7.6, on the following page, compares the overall teacher responses to Section 2 with the overall pupil responses.  

	Question
	19
	20
	21
	22
	23
	24
	25
	26
	27

	Teacher mean
	2.17
	1.17
	2.50
	1.56
	2.56
	1.94
	2.72
	2.72
	1.72

	Teacher proportion
	78%
	94%
	39%
	100%
	44%
	83%
	33%
	39%
	78%

	Pupil mean
	2.69
	1.64
	3.17
	1.39
	2.98
	1.72
	2.81
	2.41
	2.63

	Pupil proportion
	37%
	89%
	15%
	93%
	27%
	89%
	29%
	59%
	35%

	Question
	28
	29
	30
	31
	32
	33
	34
	35
	36

	Teacher mean
	2.22
	1.53
	2.50
	2.35
	2.28
	2.33
	2.28
	1.94
	1.78

	Teacher proportion
	67%
	89%
	44%
	61%
	67%
	61%
	50%
	67%
	83%

	Pupil mean
	2.92
	1.84
	3.40
	2.88
	2.92
	2.48
	2.80
	2.46
	2.67

	Pupil proportion
	30%
	85%
	10%
	31%
	31%
	48%
	40%
	55%
	37%

	Question
	37
	38
	39
	40
	41
	42
	43
	44
	45

	Teacher mean
	1.44
	2.06
	1.56
	1.61
	1.28
	2.24
	1.44
	1.11
	1.94

	Teacher proportion
	83%
	72%
	78%
	100%
	100%
	61%
	100%
	100%
	89%

	Pupil mean
	1.95
	3.30
	2.45
	2.24
	1.34
	2.30
	1.71
	1.71
	2.68

	Pupil proportion
	75%
	16%
	52%
	67%
	94%
	60%
	84%
	84%
	40%


Table 7.6

An inspection of the table reveals that the teacher means were lower than the pupil means, except for three items:

Q22
We all do the same work in the lesson

Q24
We work from worksheets or textbooks on our own

Q26
We start the lesson by carrying on with our work from the previous lesson.

The teacher proportions were higher than the pupil proportions (except for items 24 and 26).  In other words, the teachers’ responses were generally more positive than the pupils’.  As in 2001, items 24 and 26 were exceptions (positive responses to these items were inconsistent with the approaches recommended by the Framework).  In the previous chapter (section 6.7), I noted that this pattern of responses may be explained by the teachers emphasising teaching approaches associated with the Strategy.  These approaches do not appear to have been so readily identified by the pupils, who lack the teachers’ awareness of the KS3 Strategy and its recommended teaching approaches.

Appendix 7.6b analyses the level of agreement between the teachers’ responses and the overall pupil responses for each item.  The pattern of results is very similar to those in 2001.  For 18 out of 27 items, the charge (see section 6.7) of the majority of the teachers’ responses (i.e. positive or negative) agreed with the charge for their classes.  In nine of these items there was a significant level of agreement between the pupils’ and the teachers’ responses.  These items were:

Q20
The teacher shows us how to do mathematics problems

Q22
We all do the same work in the lesson

Q24
We work from worksheets or textbooks on our own

Q29
We know what the teacher wants us to learn about in the lesson

Q37
The teacher explains to us what we are going to learn in the lesson

Q40
The teacher discusses common mathematics mistakes with the whole class

Q41
We all work on the same topic

Q43
The teacher discusses the mathematics we are doing with the whole class

Q44
The teacher demonstrates the mathematics we are learning to the whole class

Of these, all but items 37 and 40 were also identified from the 2001 data.  

The items for which there was significant agreement in both years were those attracting the highest proportions of positive responses from both pupils and teachers in both years.  I described the characteristics of these items in section 6.7 of the last chapter (the teacher telling the class what to do and talking about the mathematics they are learning etc.).  

Although not significant, for a further nine items, the teachers’ and pupils’ responses agreed for the majority of classes. 

Q21
We have a ‘finishing off’ activity at the end of the lesson 

Q23
At the end of the lesson we discuss the progress we have made

Q25
We work together in pairs or small groups

Q26
We start the lesson by carrying on with our work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q30
The teacher sets different work for some students

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q35
We explain our methods to the rest of the class

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

With the exception of question 26, these items are consistent with the teaching approaches recommended by the Framework.  Despite the lack of statistical significance for these items, these results may be seen as indicating at least a partial adoption of these approaches across the department.

Eight of the items had agreement rates of less than 50%.

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q28
As a class, we discuss what we have learned in the lesson

Q31
The teacher gets the whole class to discuss our work

Q32
The teacher links our work up to other topics and other subjects

Q36
We do ‘mental mathematics’ during the lesson

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson

Q42
We use things from everyday life in solving mathematics problems

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned

Of these, question 38 was the only item for which there was a significant level of disagreement between the teachers’ and the classes’ responses.  This item deals with the three-part lesson, one of the major teaching-approaches recommended within the Strategy.  In this case, nearly three-quarters of the teachers indicated that they used this approach often, whereas fewer than a fifth of the pupils identified this as a common approach.  Overall, these items refer to aspects of direct interactive teaching (the three-part lesson, mental and oral work and placing the lesson in context).  As I noted earlier in this section, these responses indicate that, from the teachers’ perspective, the three-part lesson structure and class discussion were more common than was indicated by the pupils’ results.  

As in 2001, the data from the teachers confirms that a style of teaching in which the teacher tells the pupils what to do and then sets work based on this is common.  There is some agreement between teachers and pupils that discussion of work is common.  However, as the results illustrate, one must be cautious when drawing inferences from either the pupils’ or the teachers’ data.  I will compare the teachers’ results for the two years in the next chapter.  

7.7
Summary of the 2002 Data
Section 1
Pupils’ attitudes to mathematics

6. The pupils’ responses were consistently less positive than those from the English sample in the TIMSS research, I will discuss this more fully in chapter 9 section 9.6, where I evaluate my research.

7. There was no evidence of a difference between boys and girls in their attitudes to mathematics.  This is in contrast with the 2001 results, when the boys were more positive than the girls.

8. Using TIMSS measures, the percentage of pupils in the sample expressing a positive attitude to mathematics was 59%, compared with 82% in the TIMSS sample and 56% in the 2001 sample (see section 9.6 for a discussion of the TIMSS measures). 

9. There is an indication that the pupils believed their peers to consider success in mathematics to be less important than they did.  This may have some influence on their public behaviour in relation to learning mathematics.

10. In the 2001 sample there was an indication that, overall, the boys believed their parents had higher expectations than did the girls.  There was no evidence of this in the 2002 sample.

Section 2
Mathematics Lessons

15. As in 2001, the responses from both the pupils and the teachers indicate that a classroom approach where the teacher explains and demonstrates the mathematics to be learned, followed by work from textbooks and worksheets was common.

16. The regular use of the three-part structure for lessons was identified by only 16% of the pupils, despite 72% of the teachers claiming to use them regularly.  Other teaching approaches recommended by the Framework (such as differentiation and pupil, rather than teacher, discussion of what has been learned) were identified as regular occurrences by the majority of teachers.  Although the differences between pupils’ and teachers’ responses were not as marked as in the previous year, the pupils’ responses to the same items were either less positive or negative.

17. There was an indication that the use of starters was still relatively uncommon (identified by fewer than 50% of the sample).

18. About three-quarters of the pupils indicated that their teachers informed them of the objectives for their lessons. 

19. Some aspects of direct interactive teaching were identified as being used regularly (especially those aspects that concern the teacher in instruction, explanation and demonstration).  However, other aspects of direct interactive teaching (particularly summarising and making contextual links with other subjects and the ‘real world’) were not generally acknowledged as being common.  The responses suggest that whole class discussion, though more common than in the previous year, was still not common across all of the classes.

20. In the majority of lessons, all of the pupils worked on the same topic.

21. Group work was not a regular feature of lessons.

22. There is an indication that mistakes and misconceptions are discussed, but by the teacher, rather than as a class activity.

23. Feeding back to pupils on their progress was not identified as a regular classroom activity.

24. In only about a third of pupils’ responses was summarising the lesson at the end identified as a regular activity.

25. There is no firm evidence to suggest that mathematics lessons are regularly contextualised by making links and connections to other topics and subject areas.

26. A minority of the pupils’ responses indicated that lessons have clearly defined endings.

27. The majority of responses indicated that mental and oral mathematics was not a common feature of maths lessons, although a sizeable minority (approximately one third ) did.  This may indicate mixed practice across the year group (although it is worth noting that the proportion of positive responses is higher than in the previous year).

28. The teachers’ responses were more inclined to be positive than the pupils’.  The nine items (out of 27) for which there was significant agreement between the teachers’ and the pupils’ responses, addressed the same teaching approaches that were described above, in part 1 of this section.  There was a significant disagreement for one item.  This item (Q38) concerned the use of three-part lessons, which was identified by the teachers as a regular feature of lessons, but not by the pupils.

CHAPTER EIGHT

COMPARISON OF THE 2001 AND THE 2002 RESEARCH DATA

In this chapter, I will compare the data collected in 2001 with those collected in 2002. 

8.1
Section 1 Data – Pupils
	
	2001 mean
	2001 proportion
	2002 mean
	2002 proportion

	Q1
	2.32
	65%
	2.27
	68%

	Q2
	2.39
	57%
	2.33
	61%

	Q3
	2.48
	52%
	2.38
	59%

	Q4
	2.55
	47%
	2.56
	46%

	Q5
	2.33
	63%
	2.30
	65%

	Q6
	1.75
	90%
	1.72
	92%

	Q7
	2.12
	71%
	1.95
	79%

	Q8
	2.68
	37%
	2.60
	42%

	Q9
	1.82
	84%
	1.76
	88%

	Q10
	1.78
	83%
	1.70
	90%

	Q11
	2.70
	37%
	2.68
	39%

	Q12
	2.73
	36%
	2.58
	48%

	Q13
	2.39
	52%
	2.40
	52%

	Q14
	3.03
	23%
	2.79
	31%

	Q15
	1.83
	88%
	1.76
	92%

	Q16
	3.24
	14%
	3.18
	12%

	Q17
	2.07
	68%
	1.99
	72%

	Q18
	2.12
	78%
	2.11
	80%


Table 8.1

Table 8.1 (above) compares the pupils’ results for 2002 with those for 2001.  It shows the mean scores for each item and the percentage of respondents making positive responses for each item.  In Appendix 8.1, I have analysed the pupils’ responses from 2001 and 2002.  I have used the same statistical measures as in the previous chapters: means and proportions, which I have called positive in the case of means less than 2.5 and proportions greater than 50%.  The means and proportions are compared in four ways: for all students across the two years, for males and females within each year, for females across the years and for males across the years.

8.2
Differences in the Whole Sample Results Between 2001 and 2002.
There was a significant difference between the whole sample results for four of the items (see appendix 8.1):

Q7
I need to do well in mathematics to please myself

Q10
I need to do well in mathematics to get into the college or university I prefer

Q12
Most of my friends think it is important to do well in mathematics at school

Q14
To do well in mathematics at school you need lots of natural talent.

The proportions of positive responses to these items were higher for the 2002 sample than those for the 2001 sample.  The responses to items 7 and 10 were positive in the 2001 sample and more so in the 2002 sample.  For items 12 and 14, the responses were both negative in 2001 and less so in 2002.  It is unwise to infer too much from these results, however they may indicate that the pupils in the second sample attached greater importance to success in mathematics, and were less affected by negative influence from their peers.  A positive response to each of the items in Section 1 (except 13 and, to a degree, 16) is consistent with a positive attitude to mathematics.  Apart from items 13 and 16, the positive proportions for each item for the 2002 sample were higher than those for the 2001 sample.  Although it cannot be stated categorically that the Y 8 pupils’ attitudes to mathematics were better in 2002 than in 2001, there is certainly clear evidence that, using the TIMSS instruments, they had not deteriorated over this period.

8.3
Differences Between the Genders
The most marked differences between the genders in their responses were in 2001 (see appendix 8.1).  For ten items there were significant differences in at least one of the two statistical measures, whereas in 2002 this was true for just one item.  In 2001, the girls’ proportions of positive responses were lower than the boys’ for all but four of the items.  In 2002, the girls’ proportions of positive responses were higher in exactly half of the items, including the same four items from 2001: 

Q10
I need to do well in mathematics to get into the college or university I prefer

Q12
Most of my friends think it is important to do well in mathematics at school

Q13
Maths is boring

Q15
I think it is important to do well in mathematics at school

Of the Section 1 items, only question 13 is phrased in such a way that a negative response is consistent with a positive attitude to learning mathematics.  Hence, the responses to this item may also be seen as an indication of the boys’ more positive attitudes.  It is also interesting to note that, from the responses to question 12 in both years, the girls were more inclined to believe that their friends wished to do well in mathematics.  This is noteworthy, particularly for the 2001 sample, for which there is an indication that the girls generally had a more negative attitude to mathematics than the boys did.

The differences in the male responses across the years were significant for just one item (see appendix 8.1).  This was question 7 ‘I need to do well in mathematics to please myself’.  The differences in the female responses were significant (in at least one of the two statistical measures) for nine items.  In six of these, the responses by the girls from the 2002 sample indicated that they had a more positive attitude towards mathematics.  These results suggest the possibility that the girls in the 2001 sample were less positive about mathematics than those in the 2002 sample.  This could account for some of the differences between the boy’ and the girls’ results in 2001.  I will discuss this again in section 9.2 of the next chapter

8.4
Section 1 Clusters
In appendix 8.4, the data for each of the section 1 clusters are compared in the same way as above.

For Cluster A, which gives a broad indication of whether or nor a pupil finds mathematics rewarding, there were no significant differences between the overall sample results. However, there were significant differences between the two sets of girls’ results and between the boys’ and girls’ results in 2001.  In each case, the 2001 girls’ results were less positive.  This is consistent with the observation made above about the girls in 2001.

Cluster B was used by TIMSS to explore pupils’ attitude to mathematics.  Analysis of the results of this cluster fits the pattern described above.  There was no overall difference between the results for the two years, however other results were more positive when compared with the girls’ results for 2001.

In the analysis of the Cluster C results, there were no significant differences between the responses for any of the groups.  There is no evidence from the data of any significant change in pupils’ beliefs about how personal attributes and characteristics relate to success in mathematics.

Cluster D concerns parents’, friends’ and respondents’ views about the importance of doing well in mathematics at school.  Again, there were no significant differences between the groups (except in the cluster means for the whole population in 2001 and 2002), however this was not supported by a corresponding difference in proportions of positive responses between these two groups.  

For Cluster E, there were significant differences (in both measures) between the 2001 and 2002 results for the whole sample and for the girls.  This cluster concerns reasons for doing well in mathematics.

Q2
I need to do well in mathematics to please my parent(s)

Q7
I need to do well in mathematics to please myself

Q10
I need to do well in mathematics to get into the college or university I prefer

Q17
I need to do well in mathematics to get the job I want.

The responses for all four items in this cluster were more positive in 2002 than 2001; the biggest differences being those for question 7.  However, when the responses to the individual items within this cluster are considered, it appears that that the significant difference between the measures for 2001 and 2002 is a result of generally increased motivation, as shown across the four items, rather than one specific motivational factor.  When the changes in the boys’ and girls’ responses to the individual items in this cluster are compared, there is no clear pattern to indicate that this apparent increase in motivational factors is especially true of either girls or boys.

8.5
Section 2

Table 8.5, compares the overall results for the items in Section B for 2001 and 2002 (see appendix 8.5).

	Question
	19 +
	20 +
	21 -
	22
	23 +
	24 -
	25
	26 -
	27 +

	2001 mean
	2.95
	1.79
	2.99
	1.46
	3.23
	1.61
	2.76
	2.13
	3.02

	2001 proportion
	25%
	83%
	25%
	91%
	21%
	86%
	33%
	62%
	21%

	2002 mean
	2.69
	1.64
	3.17
	1.39
	2.98
	1.72
	2.81
	2.41
	2.63

	2002 proportion
	37%
	89%
	15%
	93%
	27%
	89%
	29%
	59%
	35%

	Question
	28 +
	29 +
	30
	31
	32 +
	33
	34 +
	35 +
	36

	2001 mean
	3.21
	2.05
	3.30
	2.95
	3.01
	2.65
	3.01
	2.74
	2.70

	2001 proportion
	16%
	66%
	11%
	29%
	23%
	42%
	24%
	35%
	34%

	2002 mean
	2.92
	1.84
	3.40
	2.88
	2.92
	2.48
	2.80
	2.46
	2.67

	2002 proportion
	30%
	85%
	10%
	31%
	31%
	48%
	35%
	55%
	37%

	Question
	37 +
	38 +
	39 +
	40 +
	41 +
	42
	43 +
	44 +
	45 +

	2001 mean
	1.99
	3.46
	2.54
	2.35
	1.33
	2.35
	1.76
	1.74
	2.87

	2001 proportion
	65%
	9%
	41%
	55%
	87%
	54%
	75%
	75%
	28%

	2002 mean
	1.95
	3.30
	2.45
	2.24
	1.34
	2.30
	1.71
	1.71
	2.68

	2002 proportion
	75%
	16%
	52%
	67%
	94%
	60%
	84%
	84%
	40%


Table 8.5

Where there is a significant difference between at least one of the two measures, it is indicated in the table, next to the question number.  If the measure has become more positive between 2001 and 2002, this is indicated by a ‘+’ sign, if it has become more negative, it is indicated by a ‘-‘ sign.  For 17 of the 27 items, the responses in 2002 were more positive, and, for three, more negative.  The items where the differences in the measures were greatest were:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q21
We have a ‘finishing off’ activity at the end of the lesson.

Q23
At the end of the lesson we discuss the progress we have made

Q26
We start the lesson by carrying on with our work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q28
As a class, we discuss what we have learned in the lesson

Q29
We know what the teacher wants us to learn about in the lesson

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned

Of these ten, the results for questions 21 and 26 were more negative, all the others were more positive; however, a negative response to question 26 is consistent with the approaches recommended for the Strategy.  These results (except for Q21) indicate the increased adoption of teaching approaches recommended by the Framework: making the objectives for the lesson clear, mental mathematics, discussion of methods and mistakes and summarising the lesson.  Question 21 concerns ‘finishing off’ activities.  The pupils’ responses suggest that this kind of activity has not become more common since the advent of the Strategy.  (It is possible that this apparent inconsistency in the results may be explained by ‘finishing off’ being interpreted as ‘finishing off’ work already being done.) 

8.6
Section 2 Clusters

I will now compare the results for the two years with reference to the Section 2 clusters.  A table detailing the differences for the clusters is given in appendix 8.6.

Cluster A concerns starters and consists of three questions:

Q26
We start the lesson by carrying on with work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson.

Note that, the coding for item 26 has been reversed for aggregation into the cluster result.

	
	Q26
	Q27
	Q38
	Cluster mean

	2001 means
	2.13
	3.02
	3.46
	3.12

	2001 propns
	62%
	21%
	9%
	10%

	2002 means
	2.41
	2.63
	3.30
	2.84

	2002 propns
	59%
	35%
	16%
	24%


Table 8.6a

The differences between the cluster means were highly significant in both measures, however, even in 2002, the means are negative.  This pattern is matched by the responses to the individual items (since question 26 was phrased in such a way that a positive response indicated the absence of starters, as noted above).  These results suggest that the use of starters has increased significantly since the introduction of the Strategy, however it is still not commonplace.  For question 27, only a third of the sample recorded this as common practice.  

Cluster B concerns the teacher explaining the objectives of the lesson and consists of two questions:

Q29
We know what the teacher wants us to learn about in the lesson

Q37
The teacher explains to us what we are going to learn in the lesson.

	
	Q29
	Q37
	Cluster mean

	2001 mean
	2.05
	1.99
	2.02

	2001 proportion
	66%
	65%
	68%

	2002 mean
	1.84
	1.95
	1.90

	2002 proportion
	85%
	75%
	77%


Table 8.6b

There is a significant difference between the 2001 and 2002 measures for both items in this cluster.  In each case, the responses were more positive in 2002.  This is mirrored by the results for the cluster means.  These results indicate that more pupils identified that it was common for their mathematics teachers to inform the class of the lesson objectives in 2002 than in 2001 (approximately three-quarters as opposed to two-thirds). 

Cluster C is the largest cluster of items, as it addresses direct interactive teaching, the principal teaching approach recommended by the Framework.  This cluster consists of eighteen items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q20
The teacher shows us how to do mathematics problems

Q23
At the end of the lesson we discuss the progress we have made

Q24
We work from worksheets or textbooks on our own

Q28
As a class, we discuss what we have learned in the lesson

Q29
We know what the teacher wants us to learn about in the lesson

Q31
The teacher gets the whole class to discuss our work

Q32
the teacher links our work up to other topics and other subjects

Q33
We demonstrate our working to the rest of the class (e.g. on the board)

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q37
The teacher explains to us what we are going to learn in the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q40
The teacher discusses common mathematics mistakes with the whole class

Q42
We use things from everyday life in solving mathematics problems

Q43
The teacher discusses the mathematics we are doing with the whole class

Q44
The teacher demonstrates the mathematics we are learning to the whole class

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

Note that the coding for item 24 was reversed for aggregation into the cluster result.

	
	Q19
	Q20
	Q23
	Q24
	Q28
	Q29
	Q31
	Q32
	Q33
	Q34

	2001 mean
	2.95
	1.79
	3.23
	1.61
	3.21
	2.05
	2.95
	3.01
	2.65
	3.01

	2001 prop
	25%
	83%
	21%
	86%
	16%
	66%
	29%
	23%
	42%
	24%

	2002 mean
	2.69
	1.64
	2.98
	1.72
	2.92
	1.84
	2.88
	2.92
	2.48
	2.80

	2002 prop
	37%
	89%
	27%
	89%
	30%
	85%
	31%
	31%
	48%
	40%

	
	Q35
	Q37
	Q39
	Q40
	Q42
	Q43
	Q44
	Q45
	
	Mean

	2001 mean
	2.74
	1.99
	2.54
	2.35
	2.35
	1.76
	1.74
	2.87
	
	2.58

	2001 prop
	35%
	65%
	41%
	55%
	54%
	75%
	75%
	28%
	
	45%

	2002 mean
	2.46
	1.95
	2.45
	2.24
	2.30
	1.71
	1.71
	2.68
	
	2.45

	2002 prop
	55%
	75%
	52%
	67%
	60%
	84%
	84%
	40%
	
	58%


Table 8.6c

The marked tendency of the responses to become more positive over the course of the year is illustrated by the change in the cluster means between 2001 and 2002.  For every item, the proportion of positive responses increased between 2001 and 2002 (the mean has also become more positive (i.e. lower) for every item other than question 24).  For all but two of the items in this cluster (31 and 33), these differences were statistically significant.  As I noted above, a negative response to item 24 may be viewed as being consistent with the recommendations of the Strategy.  In other words, with the exception of the positive proportions in question 24, the pupils’ responses indicated that they experienced the teaching approaches recommended within the Framework more often in 2001 than in 2002.  However, eight of the items, (19, 23, 28, 31, 32, 33, 34 and 45, concerned with class discussion, making connections with other subjects and summing-up) were negative for both years.  Therefore, despite the increase in those responding positively, the activities associated with these items were still not necessarily commonplace in 2002.  Items 20, 24, 29, 43 and 44 have the highest positive response rates.  This indicates that the majority of pupils view the teacher outlining the objectives of the lesson and showing the pupils what to do as common practices (as was individual work by pupils from textbooks and worksheets).  The pupils’ responses indicate that not all aspects of direct interactive teaching were commonly in place in 2002.

Cluster D concerns all of the pupils doing the same work.  There are two items in this cluster:

Q22
We all do the same work in the lesson

Q41
We all work on the same topic.

As in the previous chapters, the results for question 30 (‘the teacher sets different work for some students’) are provided for comparison.

	
	Q22
	Q41
	Cluster mean
	Q30

	2001 means
	1.46
	1.33
	1.40
	3.30

	2001 propns
	91%
	87%
	92%
	11%

	2002 means
	1.39
	1.34
	1.37
	3.40

	2002 propns
	93%
	94%
	94%
	10%


Table 8.6d

There is no significant difference between the cluster means for 2001 and 2002, however the positive response rates for questions 22 and 41 are very high.  Similarly, the responses for question 30 (which has the opposite sense to the two cluster items) are strongly negative.  From the pupils’ responses, it appears that it was common practice in both 2001 and 2002 for all pupils to work on the same topic.  The pupils’ responses to question 30 also offer evidence that differentiation through setting different tasks was not a common feature of the classroom approaches used in either year.

The theme underlying Cluster E is group-work.  The two items associated with this cluster are phrased oppositely:

Q24
We work from worksheets or textbooks on our own

Q25
We work together in pairs or small groups.

Note that the codings for question 24 have been reversed in the aggregation of the cluster mean.

	
	Q24
	Q25
	Cluster mean

	2001 mean
	1.61
	2.76
	3.07

	2001 propns
	86%
	33%
	9%

	2002 mean
	1.72
	2.81
	3.04

	2002 propns
	89%
	29%
	6%


Table 8.6e

There is no significant difference between the cluster means.  For both years, the responses to this cluster indicate that the pupils did not recognise group-work as being a regular feature of lessons.

Cluster F concerns the discussion of mistakes and misconceptions and consists of two items:

Q34
We discuss our mistakes with the class

Q40
The teacher discusses common mathematics mistakes with the whole class.

	
	Q34
	Q40
	Cluster mean

	2001 mean
	3.01
	2.35
	2.68

	2001 propns
	24%
	55%
	27%

	2002 mean
	2.80
	2.24
	2.52

	2002 propns
	40%
	67%
	36%


Table 8.6f

There is a significant difference between the cluster means for 2001 and 2002.  The cluster means became more positive in 2002.  These patterns are also observable in the responses to the individual items.  The difference between the responses to the two items in the cluster may be explained by the difference in the wording.  Both items address the discussion of errors, but item 34 refers to pupils discussing errors, whereas item 40 refers to teachers discussing errors.  The response patterns may indicate that, when errors are discussed, teachers, rather than pupils more commonly do this.  However, this cannot be inferred from the available data.  In the previous two chapters (sections 6.6 And 7.5), I discussed the problems and apparent inconsistencies in using the cluster proportions for two-item clusters.  Overall, there is evidence from the pupils’ responses that errors were more commonly discussed in 2002 than in 2001, although the teachers, rather than the pupils, may have been more active in these discussions. 

Cluster G concerns feedback, where the teacher reports back to the pupils on their progress and learning in the lesson.  This cluster consists of two questions:

Q23
At the end of the lesson, the teacher sums up what our class has learned

Q28
As a class, we discuss what we have learned in the lesson

	
	Q23
	Q28
	Cluster mean

	2001 mean
	3.23
	3.21
	3.22

	2001 propn
	21%
	16%
	9%

	2002 mean
	2.98
	2.92
	2.95

	2002 propn
	27%
	30%
	26%


Table 8.6g

Despite significant changes in the responses to both of the items in this cluster over the year, all of the responses remain negative.  Pupils report feeding-back by teachers as being common in less than a third of lessons, although there was an increase in the reports of the use of this approach.

Cluster H concerns the teacher summarising the lesson at the end and consists of two items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned

	
	Q19
	Q45
	Cluster mean

	2001 means
	2.95
	2.87
	2.90

	2001 propns
	25%
	28%
	21%

	2002 means
	2.69
	2.68
	2.69

	2002 propns
	37%
	40%
	29%


Table 8.6h

As in the previous cluster, in 2002 significantly more pupils identified summarisation of the learning in lessons as common practice.  However, even in 2002, less than half of the pupils recorded this as being common.

Cluster I is concerned with the teacher making ‘links’ and connections with other topics and subjects.  It consists of two questions:

Q32
The teacher links our work up to other topics and other subjects

Q42
We use things from everyday life in solving mathematics problems

	
	Q32
	Q42
	Cluster mean

	2001 means
	3.01
	2.35
	2.68

	2001 propns
	23%
	54%
	28%

	2002 mean
	2.92
	2.30
	2.61

	2002 propns
	31%
	60%
	27%


Table 8.6i

As I commented in the previous chapter, the patterns of responses to the two items constituting this cluster are quite different.  The increase in the proportion of pupils responding positively to question 32 is significant, however this is not the case for question 42 (and consequently, the cluster mean).  These results suggest that the use of examples from real life is relatively common in mathematics lessons.  However, these connections to other disciplines and real-life are not always made explicit by teachers (although the responses suggest that this may be growing more common). 

Cluster J is concerned with there being a clearly defined end to the lesson.  It consists of five items:

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q21
We have a ‘finishing off’ activity at the end of the lesson

Q23
At the end of the lesson we discuss the progress we have made

Q38
Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

	
	Q19
	Q21
	Q23
	Q38
	Q45
	Mean

	2001 means
	2.95
	2.99
	3.23
	3.46
	2.87
	3.10

	2001 propn
	25%
	25%
	21%
	9%
	28%
	15%

	2002 means
	2.69
	3.17
	2.98
	3.30
	2.68
	2.97

	2002 propn
	37%
	15%
	27%
	16%
	40%
	20%


Table 8.6j

With the exception of question 21, the pupils’ responses indicate a significant increase in the incidence of clear endings to lessons.  However, at best (question 45), this is indicated by only 40% of students.  Hence there appears to be greater use of this teaching approach, but it is identified as being commonplace only by a minority of the pupils.

Cluster K concerns mental and oral work in lessons.  It consists of seven items:

Q27
There is a ‘mental mathematics’ starter for the whole class

Q31
The teacher gets the whole class to discuss our work

Q34
We discuss our mistakes with the class

Q35
We explain our methods to the rest of the class

Q36
We do ‘mental mathematics’ during the lesson

Q39
In the lesson, the teacher asks the whole class questions about the work we are doing

Q40
The teacher discusses common mistakes with the whole class.

	
	Q27
	Q31
	Q34
	Q35
	Q36
	Q39
	Q40
	Mean

	2001 means
	3.02
	2.95
	3.01
	2.74
	2.70
	2.54
	2.35
	2.75

	2001 propns
	21%
	29%
	24%
	35%
	34%
	41%
	55%
	31%

	2002 means
	2.63
	2.88
	2.80
	2.46
	2.67
	2.45
	2.24
	2.59

	2002 propns
	35%
	31%
	40%
	55%
	37%
	52%
	67%
	40%


Table 8.6k

The significant difference in the cluster means suggests that mental and oral work in mathematics was more common in 2002 than in 2001.  The responses to the individual cluster items were all more positive in 2002.  However, the responses to only three of the seven items were actually positive in 2002 (and then only one of these significantly so), compared with one in 2001.  Overall, the responses indicate that mental and oral work was more common in mathematics lessons in 2002, even if it was not common in the majority of lessons.

8.7 The Pupils’ Additional Comments

At the end of the questionnaire, pupils were given the opportunity to make additional comments.  In 2001, 84 of the 380 pupils commented (22%).  In 2002, 68 of the 331 pupils commented (21%).  The comments made in each of the years were similar.  In some classes, more than a third of the pupils commented, whereas in others none commented.  Generally, the classes in which most comments were made were those in which the teacher was either very popular or very unpopular.  ‘She’s nice’, ‘Mr A is scary and shouts too much’ were typical responses from two of the classes from which there were many comments.  Other comments concerned the difficulty and relevance of mathematics, boredom and lack of fun.  Pupils in both years complained that there was too much homework and that teachers devoted too much attention to naughty pupils.  Some of the pupils took the opportunity to request a change of mathematics set or teacher.  The majority of the responses were critical (either of mathematics as a subject, or of mathematics lessons).  In both years, a few responses were rude or offensive. 

Of the 84 comments from April 2001, there were four or fewer comments from seven of the sixteen teaching groups with the remaining groups providing between five and ten comments.  Nearly half of the comments expressed a negative attitude to maths (typically ‘maths is boring’).  Twelve were rude or offensive.  However there were some positive comments about teachers (from one class in particular) and about maths in general.  Several of the pupils commented that maths should be made ‘more fun’, that textbooks were boring and that teachers spent too long attending to naughty children.

In the March 2002 survey, there were four or fewer responses from eleven of the seventeen teaching groups, whereas three of the groups had ten or more comments.  Of the comments, 68 were critical (five were derogatory) and eight were positive.  The comments were evenly distributed between attitudes to mathematics and mathematics teaching.  The most common response was ‘I don’t like maths’.  Other repeated responses concerned making maths ‘more fun’, ‘moving on’ too quickly and teachers spending too long on naughty children. 

In both 2001 and 2002, the sample of pupils providing comments was not random and cannot be treated as being representative of the research populations.  As may be expected, those classes whose teachers were either very popular or unpopular produced the highest response rates.  When this is considered with the variety of responses and the limited frequencies of even the more common ones, it is inappropriate to make any inferences from these data.  However, they provide some interesting insights.  The rather negative attitudes to mathematics apparent in these comments are in line with the research findings and may be seen as corroborating the findings concerning pupils’ attitudes.  In the second year, there were a few references from pupils in one class to ‘moving on too quickly’.  This may be a consequence of the recommendation in the Framework to ‘maintain a brisk pace’ (DfEE, 2001:29), however this cannot be established reliably from the available data.

8.8
Teachers’ Results
The teachers’ results for 2001 were compared with those for 2002

Comparison of teachers’ Section 2 Responses (see appendix 8.8)

	Question
	19
	20
	21
	22
	23
	24
	25
	26
	27

	2001 mean
	2.21
	1.21
	2.79
	1.64
	2.21
	2.00
	2.36
	2.50
	2.43

	2001 proportions 
	53%
	82%
	18%
	76%
	47%
	76%
	47%
	41%
	35%

	2002 mean
	2.17
	1.17
	2.50
	1.56
	2.56
	1.94
	2.72
	2.72
	1.72

	2002 proportions
	78%
	94%
	39%
	100%
	44%
	83%
	33%
	39%
	78%

	Question
	28
	29
	30
	31
	32
	33
	34
	35
	36

	2001 mean
	2.07
	1.29
	2.50
	2.14
	2.57
	2.29
	2.57
	2.50
	1.79

	2001 proportions 
	47%
	82%
	41%
	59%
	41%
	59%
	35%
	41%
	65%

	2002 mean
	2.22
	1.53
	2.50
	2.35
	2.28
	2.33
	2.28
	1.94
	1.78

	2002 proportions
	67%
	89%
	44%
	61%
	67%
	61%
	50%
	67%
	83%

	Question
	37
	38
	39
	40
	41
	42
	43
	44
	45

	2001 mean
	1.36
	2.36
	1.36
	1.71
	1.43
	2.07
	1.50
	1.50
	2.07

	2001 proportions 
	76%
	53%
	76%
	76%
	82%
	59%
	76%
	82%
	59%

	2002 mean
	1.44
	2.06
	1.56
	1.61
	1.28
	2.24
	1.44
	1.11
	1.94

	2002 proportions
	83%
	72%
	78%
	100%
	100%
	61%
	100%
	100%
	89%


Table 8.8

Since the sample size is not large in these cases, formal tests for differences in proportions are not appropriate.  However, although significance cannot be inferred from these results, they can be used as corroborative evidence to support the results derived from the means.  (For this project, the mean for an item may, in some cases, be viewed as the less satisfactory measure, since in the mean the distinction between positive (1 & 2) and negative (3 & 4) responses becomes blurred through aggregation).

In the two previous chapters I noted that it was inevitable that the teachers were more likely to identify their use of teaching approaches recommended by the Framework than were the pupils.  A quick glance at the table above reveals that the responses to most of the items were positive, the majority of them strongly so.  The number of teachers in the sample was small, there were too few data for each question to permit a formal test of proportions.  The only statistical test available was a t-test for sample means.  Using this technique, there is evidence of a significant difference between the 2001 and 2002 responses for just one item, question 44 (‘the teacher demonstrates the mathematics we are learning to the whole class’).

Considering the proportions informally, there is an indication that the teachers’ responses to the following thirteen items were also more positive in 2002.

Q19
At the end of the lesson, the teacher sums up what our class has learned

Q21
We have a ‘finishing off’ activity at the end of the lesson

Q22
We all do the same work in the lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q28
As a class, we discuss what we have learned in the lesson

Q32
The teacher links our work up to other topics and other subjects

Q35
We explain our methods to the rest of the class

Q37
The teacher explains to us what we are going to learn in the lesson

Q40
The teacher discusses common mathematics mistakes with the whole class

Q41
We all work on the same topic

Q43
The teacher discusses the mathematics we are doing with the whole class

Q44
The teacher demonstrates the mathematics we are learning to the whole class

Q45
At the end of the lesson, the teacher goes over the mathematics we have learned.

For question 21, the majority of respondents gave negative responses in both years, however the proportion of positive responses increased substantially.  Questions 27 and 32 changed from a minority of positive responses to a majority (this was particularly marked in question 27).  These items concern making the objectives of the lesson clear, all of the class working on one topic, mental mathematics, discussion of the mathematics being taught and the errors arising, summarising the learning and having clear endings to lessons.  All of these practices are consistent with the Strategy.  The teachers’ responses suggest that, across the department, they are making greater use of these teaching approaches associated with the Strategy.  However, despite the claims for their increased use, some of these approaches were still not recorded as being used widely, and in the case of question 21 (to do with ‘finishing off’ activities), were not even recorded by a majority!

Several responses were negative (notably items 21, 27 and 34 in 2001 and 21, 25 and 26 in 2002).  

Q21
We have a ‘finishing off’ activity at the end of the lesson

Q25
We work together in pairs or small groups

Q26
We start the lesson by carrying on with our work from the previous lesson

Q27
There is a ‘mental mathematics’ starter for the whole class

Q34
We discuss our mistakes with the class

(Note that question 26 was phrased in such a way that a negative response could be treated as being consistent with the approaches recommended by the Framework.)  The one item attracting low response rates twice was question 21, concerning ‘finishing off’ activities.  The teachers’ responses suggest that, since the introduction of the Strategy, the use of starters and the discussion of errors have become more common, but the use of group work has diminished.  Clearly identifiable ‘finishing’ activities have not been widely used.

8.9
Summary
Section 1
Pupils’ attitudes to mathematics

11. The responses from the pupils from the 2002 sample were generally more positive than those from the pupils in the 2001 sample.  However, the 2002 results were still consistently less positive than those from the English sample in the TIMSS research.  I will discuss the use of the TIMSS research in section 9.6 of the next chapter.

12. The girls’ responses in 2001 were much less positive than the boys’ responses from that year and the girls’ responses from 2002.  In 2002 there was no evidence of any major differences between the boys’ and the girls’ responses. 

13. Between 2001 and 2002 there was a slight (but not statistically significant) increase in the proportion of pupils expressing a positive attitude to mathematics (as defined by the TIMSS measures): from 56% in 2001 to 59% in 2002 compared with 82% for the TIMSS English sample).

14. Pupils’ beliefs about how personal attributes and characteristics relate to success in mathematics appear to be stable over the period of the introduction of the KS3 Strategy.

15. Pupils’ views (and their perceptions of friends’ views) about the importance of doing well in mathematics at school are stable over this period.  There is an indication that the pupils believed their peers to consider success in mathematics to be less important than they did.  This may have some influence on their public behaviour in relation to learning mathematics.

16. In the 2001 sample there was an indication that, overall, the boys believed their parents had higher expectations than did the girls.  There was no evidence of this in the 2002 sample.

17. The 2002 pupils’ responses indicate a higher degree of motivation.  It is impossible to associate this with any particular motivational factor on the evidence of the data.  However, the negative responses of the girls in the 2001 sample are very likely to have contributed to the relative lack of motivation inferred from the 2001 responses. 

Section 2
Mathematics Lessons.

1. For two-thirds of the Section 2 items, the pupils’ responses indicated that the teaching approaches recommended in the Framework were used more often in 2001 than in 2002.  This was confirmed by the teachers’ responses.  In particular, the pupils’ responses provided evidence that:

· making the objectives for the lesson clear

· mental mathematics

· discussion of methods and mistakes and 

· summarising the lesson

were all much more common in 2002 than 2001.  However, even in 2002, these teaching approaches were identified as common only by a minority of students.  

2. The response patterns to the only item directly concerned with the three-part lesson, question 38 (‘Our lessons are split into three parts, a beginning, a middle and an end.  We have different things to do in each part of the lesson’), illustrate a major difference between the pupils’ and the teachers’ responses.  The responses from the two populations indicate the increased use of this lesson structure.  However, the percentage of pupils identifying this structure increased from 9% to a 16%, whereas the corresponding percentages for the teachers were 53% and 72%. 

3. The majority of the pupils in both samples indicated that it was common to start lessons by continuing with work from the previous lesson, although this was less widely reported in 2002 than in 2001.  Although there was an increase in the number of pupils identifying the use of starters as common practice, it was still relatively uncommon (mental mathematics starters were identified by around 35% of the sample).

4. Between 2001 and 2002, an increased majority of pupils reported that it was common for their mathematics teachers to inform them of the learning objectives for the lesson.  The proportion of students responding positively rose from around two-thirds in 2001 to over three-quarters in 2002.  

5. All of the teaching approaches associated with direct interactive teaching were identified as being used more often.  Some of these approaches were used regularly (especially those aspects that concern the teacher in instruction, explanation and demonstration).  Others, particularly summarising and making contextual links with other subjects and the ‘real world’, were used in only a minority of lessons.  Whole class discussion, although recorded as more common than in the previous year, was still not regarded as being common by the majority of the 2002 respondents.

6. In most lessons in both years, all of the pupils worked on the same topic.  There was no significant difference between the results for the two years for this item. 

7. Group work was not a regular feature of lessons.  There was no evidence of a change in the frequency of the use of this approach over the year. 

8. There is evidence that mistakes and misconceptions were more widely discussed in 2002 than 2001.  The responses to the two cluster items were different.  There is evidence to suggest that pupils discuss mistakes and misconceptions in a minority of lessons, whereas teachers discuss mistakes and misconceptions in a majority of lessons.

9. Feeding back to pupils on their progress was identified by a higher proportion of the sample in 2002, however, this group comprised less than a third of the population.

10. Fewer than half of the 2002 sample identified summarising as a common teaching approach; nevertheless, this was a significant increase on the 2001 proportion.

11. There was no evidence of an increase in the frequency of contextualisation through making links and connections to other topics and subject areas.  The results suggest the possibility that using examples from real life may not be uncommon in mathematics lessons, however teachers may not always make these connections explicit. 

12. The responses indicated that ‘finishing off’ activities at the ends of lessons remained uncommon in both years; this was confirmed by the teachers’ results.  There is evidence, however, that more lessons had clearly defined endings in 2002 than in 2001. 

13. Between 2001 and 2002 there was an increase in the proportion of pupils identifying mental and oral mathematics as a common feature of maths lessons.  The pupils’ responses, however, indicate that this approach to teaching was only evident in a minority of lessons.

14. The possibility that the teachers’ responses were more likely to reflect the teaching approaches outlined for the Strategy has already been addressed in previous chapters.  The teachers’ responses, as expected, indicated a more comprehensive adoption of the teaching approaches recommended for the Strategy than did those of the pupils.  However, the pupils’ and teachers’ responses concur in identifying the main features of the approaches to teaching identified in the points above. 

CHAPTER NINE

CONCLUSIONS AND EVALUATION

In this chapter, I will

· review the results arising from the responses to the questionnaires

· discuss these results in the context of the sample school 

· discuss the wider significance of these results

· identify areas for further research

· identify the consequences for the school of the results of this project

· evaluate my research project and discuss ways in which the project could be improved

9.1
The Results of the Project 

In the three previous chapters I have given detailed accounts of the results from both years of the project and compared these results.  I will give a brief, general overview of all of the results in this section.

The pupils in this school gave consistently less positive responses to TIMSS items than those in the TIMSS English sample.  (I will discuss the reasonableness of comparing my results with TIMMS national results later in this chapter, in sections 9.2 and 9.6.)  In particular, the evidence from the responses to the TIMSS attitudes cluster suggests that the proportions of pupils with positive attitudes to mathematics were relatively low (56% in 2001 and 59% in 2002, compared with 82% in the TIMSS English sample).  In 2001, the proportion of girls whose responses indicated a positive attitude was significantly smaller than the corresponding proportion of boys.  (This was not the case in 2002.)

In the 2001 sample, the proportion of girls motivated to do well in mathematics to please their parents was smaller than the corresponding proportion of boys.  This was not the case in 2002.

A striking discrepancy between the results to questions 12 and 15 (in both years) indicates that pupils were more likely to believe that they personally attached more importance to success in mathematics than did their friends.

Some general patterns emerged about the pupils’ perceptions of the teaching approaches they experienced.  Over the year, there is evidence from the pupils’ responses that the teaching approaches recommended by the Framework were being used more often.  However, several of these approaches were reported in only a minority of responses.  In particular, it appears that a few aspects of the recommended approaches to teaching were already well established before the introduction of the Strategy.  These consisted mainly of approaches such as making the lesson objectives clear, explaining and demonstrating the mathematics to be learned, working on the same topic and the teacher discussing errors and misconceptions with the class.  Other approaches (such as, mental and oral mathematics, class discussion of errors and misconceptions, summarising the lesson and feeding back to pupils) became more common over the year, but were still not common practices.  In both years, the majority of responses indicated that it was common to start lessons by ‘carrying on’ with work from the previous lesson.  (This is contrary to the recommendations in the Framework for ‘a beginning, a middle and an end’ (DfEE, 2001, 28).  Although the Framework advocates progression between lessons, each lesson will be a discrete part of a whole programme of study with its own objective or objectives.)  The use of three-part lessons was rarely identified by the pupils (by 9% in 2001 and 16% in 2002).  There was little evidence of the use of group work or of contextual links being made between the mathematics being taught and other subjects and the ‘real world’.

Overall, there was not a great deal of agreement between the teachers’ responses to the Section 2 items and those of their pupils.  The teachers’ responses (particularly those from 2002) indicated that most of the teaching approaches recommended for the strategy were used regularly.  This was not supported by the pupils’ results.  In 2001, there was a significant level of agreement between the teachers and the pupils on only seven of the twenty-seven items in section two of the questionnaire and nine in 2002.  These items mainly addressed approaches to teaching that were already in place before the advent of the Strategy (explaining and demonstrating, working on the same topic and making the objectives of the lesson clear).  In 2002, there was a significant level of disagreement between the teachers’ and pupils’ responses for one item, question 38 (concerned with the three-part lesson).  For this item, 16 of the 18 class-teachers responded that the three-part lesson format was commonly used, however in only three cases was this endorsed by a majority of members of the respective classes.  However, the teachers’ and the pupils’ responses did concur in indicating that, across all of the items, there was an increased use of the recommended teaching approaches over the year (this is indicated both by the mean scores for the items and the percentages responding positively).  This effect was more pronounced in the pupils’ results.  Comparing the pupils’ responses to the two surveys, there is significant evidence of the increased use of teaching approaches recommended for the Strategy in seventeen of the twenty-seven items, whereas for the teachers this was true for just one item (however the teachers’ sample was small).

9.2
The School Context
There is a widely-held view amongst the staff of the school that, in recent years, Year 8 has been the most difficult year group to engage, although the evidence for this is largely anecdotal.  Unfortunately, no other data concerning pupils’ attitudes, comparable to those arising from this project, are available for other year groups or relating to other subjects within this school.  Therefore it is impossible, within the scope of this project, to determine whether the results concerning the pupils’ attitudes to mathematics are illustrative of the school as a whole or whether they apply just to mathematics.  What is striking is that, in both years, the proportions of pupils with positive scores in the attitudes cluster were consistently much lower than those obtained from the TIMSS research.  This may not be as significant as it appears: there is no statistical justification for drawing inferences based on this comparison since the population in this survey is not a random sample of English Y8 pupils.  In its analysis, the DfES compares schools with others from a group sharing similar characteristics.  Later in this chapter, in section 9.6, I will discuss the relevance of TIMSS results to this project.  The proportion of pupils with positive attitude scores increased by (a statistically insignificant) 3% over the year.  However, it is unsafe to ascribe this small increase to the implementation of the Strategy.  As I noted earlier, the 2001 girls’ results for this cluster were more negative than the boys’.  This may indicate a group of relatively disaffected girls in the 2001 sample, which in turn may have depressed the 2001 results.  There is no evidence however, to suggest that the implementation of the Strategy has resulted in increased alienation from mathematics over the course of the year.  It is worth noting that in September 2001, seven months before the first set of data was collected, the mathematics department was moved from well-appointed accommodation on one school site to very run-down accommodation on a more crowded site.  The morale of the mathematics department suffered as a consequence and, coupled with the poor physical learning environment, may have had some bearing on the pupils’ attitudes as well. 

There is concern within the school of an anti ‘boffin’ (a term used by the pupils) culture, in which there is peer pressure not to be seen as studious.  This is indicated by the pattern of responses to two items in Section 1.  Question 15 (‘I think it is important to do well in mathematics at school’) elicited reasonably high levels of agreement (88% and 92%, compared with TIMSS results of 98%), with no significant difference between the boys’ and the girls’ results.  Question 12 (‘Most of my friends think it is important to do well in mathematics at school’) had much lower levels of agreement (36% and 48%, compared with TIMSS results of 85%).  The school is the only secondary school in the town and most of the local children attend the school.  It follows that a high proportion of the friends of the pupils in the sample were other pupils in the sample.  One would have expected the agreement rates for the two items to be consistent.  The inconsistency of the results may well reflect a desire on the pupils’ part not to appear to their friends as ‘boffins’.  Although there is some evidence that the girls in the 2001 sample had generally more negative attitudes to mathematics than the boys (see section 8.3), it is interesting to note that, in each year, a higher percentage of the girls acknowledged the importance of mathematics to their friends.  (Nevertheless, the differences between 37% and 35% in 2001 and 51% and 45% in 2002 were not significant.)  If an anti-boffin culture does exist within the school, it may be more pronounced among the boys than among the girls. 

From September 2000, teachers at the school were expected to teach Year 7 from the Framework for the Strategy, using direct interactive teaching approaches within a three-part lesson, for most lessons.  The following year this was expected for both Years 7 and 8.  The teachers at the school had been involved in training for the implementation of the Strategy since the summer of 2000, in some cases before that.  All but four of the Year 8 teachers in 2001 and all of them in 2002 were already teaching classes according to the principles of the Framework.  Clearly, the majority of the Y8 teachers in both 2001 and 2002 were aware of the recommended teaching approaches of the Strategy.  Thus, it is not surprising that the teachers’ responses to Section 2 indicate a greater use of the teaching approaches recommended for the Strategy than do the pupils’.  Inevitably, the teachers would have been more attuned to the use of these approaches in their teaching than their pupils, and therefore more able to identify them, whereas their pupils may not have been explicitly aware of the existence of these approaches.  Secondly, these approaches may well have been part of the teachers’ planned curriculum and therefore acknowledged by the teachers but may not have been part of the pupils’ experienced curriculum.  A third alternative is that the teachers, conscious of the professional demands placed on them by the implementation of the Strategy, may have tended to describe their teaching approaches in the most favourable light.  (Since I am the head of department at the sample school, this tendency may be more pronounced.  I will discuss this further in the postscript to this account, in section 10.1.)  A fourth possibility exists that a few of the Y8 pupils may have used the questionnaires as a means of criticising their teachers (many of the voluntary comments offered by the pupils were overtly critical of their teachers).  It is impossible to tell which, if any, of these possibilities explains the discrepancy in the results; aspects of all four may be relevant.  However as I have described in Chapter 5 (section 5.13), the teachers’ results were collected as a triangulation exercise to validate the pupils’ responses and do not form a substantive part of the research.  Despite the discrepancies between the teachers’ and the pupils’ results, there is evidence from this project of the increased use of the teaching approaches recommended for the Strategy, although the pupils’ results indicate that these approaches were not used as regularly as the school might have expected.

9.3
The Wider Significance of the Results
I have already discussed the problems of making inferences from this project.  The sample was an opportunity sample (admittedly consisting of almost the whole population) of Year 8 pupils from one school.  As such, it cannot be treated as a random sample of English Year 8 pupils (although the research sample can be expected to be reasonably representative of this particular population).  It certainly cannot be treated as a random sample of all Key Stage 3 pupils, at whom the Strategy is targeted.  However, the results suggest a number of possibilities.

As I noted in section 3.5, Costello (2000) was concerned that some of the teaching approaches recommended for the Strategy might ‘single pupils out’ and cause anxiety and embarrassment.  There is no direct evidence from this project that this is the case.  In fact, in 2002, a higher proportion of the responses indicated a positive attitude to mathematics, contrary to Costello’s assertions.  However, because of the nature of the research sample, it is impossible to dismiss Costello’s claims for pupils nationally.  It may also be the case that Costello’s concerns are justified for a small number of pupils and therefore should not be dismissed out of hand

Concerns about a slump in progress and motivation during Key Stage 3 have been reported (DfEE, 2000a and TES, 2001a: 17).  The results from this project indicate that, in recent years in this particular school, Year 8 pupils have demonstrated a pronounced tendency to have more negative attitudes to mathematics than was indicated by the national TIMSS results (Keys et al, 1997).  (As I noted earlier, in section 9.2, it should be borne in mind that the research sample was not designed to be representative of Year 8 nationally, it is therefore incorrect to infer that these attitudes are in fact more negative.)  Whether the reported KS3 slump can be attributed to problems with the curriculum, or whether there are other social factors involved is impossible to say.  On the evidence of this research, there is no indication that the advent of the first year of the Strategy had caused a significant change in these pupils’ attitudes.  This may indicate that, in its first year in this school, the Strategy was not as effective in motivating pupils as had been hoped.  Alternatively, this may be a consequence of the way in which the Strategy was introduced in this particular school.  (If so, my leadership of the department may have been an important factor in this.  I will discuss this in section 10.1 of the postscript).  Another alternative is that there were other, social and cultural factors affecting Year 8.  The reported problems in the early stages of Key Stage 3 may have been part of broader social phenomena and not the direct consequences of specific curricular provision.  

I commented in section 9.1 on the discrepancy between the results for questions 12 and 15, suggesting that, amongst their peers, pupils may be inclined to understate the importance they attach to success in mathematics (this may also be more pronounced for boys).  As I noted in the previous paragraph, when discussing the ‘slump’ in performance in KS3, this also may be the result of a more widespread social phenomenon.  The TIMSS results themselves exhibit this same characteristic, though in a much less marked manner.

Reviews of the Key Stage 3 Strategy (Ofsted: 2002) have highlighted weaknesses in the ends of lessons, in particular plenaries.  The responses to questions from Cluster J (concerning the ends of lessons) provide data to support this general observation.  

There were a number of elements of the teaching approaches recommended for the Strategy that were already in common use in the sample school.  As I have noted throughout this account, these were generally consistent with a transmission approach to teaching, based on the teacher telling the class what to do.  Less didactic approaches, for example group work and student-centred learning (see Appendix 8.5, questions 25 and 30) were much less frequently recorded.  The results from this project indicate the possibility that the implementation of the Strategy may lead to an increased use of transmission (see section 3.5) and didactic teaching approaches.

I have discussed the disparities between the teachers’ and the pupils’ responses to the questionnaire.  One of the explanations for this is that the pupils were unused to considering the teaching approaches they experience and may not recognise them so readily.  This is likely to be the case nationally.  In much the same way that the Framework recommends that teachers make their pupils aware of the mathematics they are to learn, it may be useful for teachers to make their teaching approaches clear to their pupils.  This will be particularly beneficial when teachers are preparing for inspection or review by an outside agency.

9 9.4
Areas for Further Research
As I noted in Chapter 2, the Strategy was developed to raise standards in mathematics.  When the Strategy was launched, targets were set for 2004 (DfEE, 2001: 2), when the first national cohort of pupils to be affected by the implementation of the Strategy throughout Key Stage 3 will reach the end of Year 9.  Ultimately the official success of the first three years of the Strategy will be measured by the DfES in terms of levels of attainment in National Curriculum tests.  This particular project has not focused on attainment, although I will discuss this in section 10.4 of the postscript to this report.  However, there are a number of aspects relating to attainment that could be addressed profitably by further research.

1. Has the implementation of the Strategy coincided with an increased tendency to ‘teach to the test’ in order to meet assessment targets?

2. It would be informative to research the relationship between the development of competence in the performance outcomes specified by the Framework and more general mathematical aptitudes such as problem-solving and mathematical modelling.

3. The Strategy was introduced in a climate in which perceived shortcomings in numeracy were viewed as being detrimental to the UK’s economic well being (see Chapter 1, section 1.2).  An investigation into how the curricular structures and teaching approaches recommended by the Strategy can support the broader social and economic needs of the nation would be timely.

4. An investigation into how the implementation of the Strategy might enable more students to study mathematics at a higher level.

This research project highlights particular areas for further research.

1. Does the reported slump in performance early in Key Stage 3 exist?  If so, is it a consequence of the curriculum or developmental factors (physical, emotional and intellectual), or does it have a broader social base (in school organisation, or in youth culture for instance?).

2. Is the disparity between the national TIMSS attitudes results and those for the sample just a characteristic of this school, or is it more widespread?  How do pupils’ responses to these items compare with those from pupils from similar schools?

3. How do attitudes to mathematics compare with attitudes to other subjects?

4. How prevalent is the tendency for peers to understate or deny their interest in studying mathematics (or any other subject)?

5. Do the direct teaching approaches recommended for the Strategy result in individual cases of increased anxiety?

6. To what extent have the recommended teaching approaches been adopted nationally?  Which approaches are most commonly used and which are least commonly used and why?  (I have addressed this issue for the sample school in section 8.9 of the previous chapter and will address it again in the postscript, section 10.5.)

7. Has the adoption of the recommended teaching approaches resulted in a tendency to more didactic teaching?

8. How do teachers’ and pupils’ perceptions of the same teaching and learning experiences compare?

9.5
Consequences of the Project
As a result of this project, the mathematics department at the school is considering several initiatives.

1. Fostering positive attitudes to mathematics.  This may be addressed through a variety of strategies such as: creative lesson-planning, appropriate pace of lessons, more stimulating classroom activities, reviving the lunch-time maths club, improving ICT access, exploiting opportunities to present mathematics in a positive light, making mathematics accessible and relevant to all pupils, improving the physical environment etc.

2. There is evidence that the teaching approaches recommended for the Strategy have been adopted partially, with an emphasis on the more didactic aspects of the Strategy.  The department will review its teaching practice in an attempt to promote greater involvement and engagement of pupils through more discussion and differentiated interactive classroom activities.  Greater efforts will be made to present mathematical ideas in context, relating them to other subjects and real-life circumstances.

3. The responses from the pupils indicate that the three-part lesson format is not as widely used as was intended.  The department will review its use of the three-part lesson as the main teaching format and, in particular, has arranged to devote some INSET time to starters and plenary sessions.

4. Teachers will be encouraged to make pupils aware of what they intend them to learn and also the methods that they intend to use.  This should help pupils to become more aware of how they are taught and how best they learn.  

In taking these initiatives, it worth noting that the adoption of a portmanteau of particular teaching approaches is not a sufficient and probably not a necessary condition for effective teaching (to paraphrase a comment by Professor David Burghes).  A mechanistic adherence to a checklist approach can lead to uninspired, boring teaching.  In addition to the teaching approaches recommended for the Strategy, the department will continue to attend to other important issues such as aesthetic values, feelings, inspiration, creativity, collaboration and commitment. 

9.6
Evaluation
This was a small-scale project using a sample size of less than a thousand pupils from one school.  There are problems in drawing inferences from such a sample, so the main benefit of using a quantitative approach (i.e. being able to infer) could not be exploited in this project.  Clearly, the ability to generalise from the results would have been enhanced by using a much larger random sample across English schools.  This was beyond the scope of this project.  Not only was it inappropriate to use this sample to draw statistical inferences about English schools generally, it was also inappropriate to make direct comparisons between the results of TIMSS items from the sample population and TIMSS national results.  However, the sample was sufficiently large for inferences to be drawn about the particular school (which is itself representative of many English schools).  As I outlined in the previous section, the mathematics department in the sample school is reviewing and adjusting its practice in the light of the insights provided by this research project. 

In developing the questionnaire for this project, I used 22 TIMSS items (out of 45 questions).  All 18 items from Section A (concerning attitudes) were taken from TIMSS.  As I described in chapter 5 (section5.6), I chose to use TIMSS items because:

· the timing of the TIMSS research coincided with the development of the National Numeracy Project and the first stages of development of the Strategy

· issues of validity and reliability would have been addressed in the development of the TIMSS items and 

· results are available from the TIMSS research, against which the results of this project could be compared.  

When the results for the TIMSS attitude cluster for the two populations involved in this project are compared with those for the TIMSS English sample, there are major inconsistencies (see sections 6.4 and 7.3).  Whereas the TIMSS’ results indicated that 82% of Year 8 English pupils had a positive attitude to mathematics, using the same measures, the results for this sample were 56% in 2001 and 59%.  I have noted that the sample used in this project was not representative of the country as a whole, so the project results and the TIMSS results are not directly comparable.  However, the difference between the results is striking.  One may be tempted to assume that the samples of pupils in this project had a much higher proportions of pupils with negative attitudes to mathematics.  This may be reflected in the percentages of pupils responding that they liked mathematics (79% for TIMSS and 65% in the 2001 sample and 68% in 2002: see appendices 6.3 and 7.2 ).  Notwithstanding, it cannot be assumed automatically that the TIMSS results can be related directly to this project, not least, they were several years old at the beginning of the project.  One should take account of the possibility that the TIMSS English results do not reflect contemporary English pupils’ attitudes to mathematics as thoroughly as I had initially assumed.  This area may be suitable for further investigation.  Regardless of this possible problem with the TIMSS results, the Section A items did provide a useful mechanism for comparing attitudes between the two populations under investigation in this project, as was intended. 

The first section of the questionnaire dealt with pupils’ attitudes and beliefs about mathematics.  These were TIMSS items, for which national and international data were available.  This was useful as a comparative instrument and enabled the responses to the individual items and the attitudes cluster from the school to be contrasted with the national results from 1996.  (However, as I have noted above, caution must be exercised in doing this because of the sample construction).  Aside from the attitudes cluster, the other TIMSS clusters were used as loose groupings of questions rather than as constructs in their own right.

The second section consisted largely of items specially devised for this project and therefore did not benefit from TIMSS’ careful development and extensive trialling of its own items.  These items were rephrased several times to promote clarity of meaning, however the analysis of the results indicates that several items could be improved further.  In particular, the items concerning discussion of errors could have been more explicit about exactly who does the discussing.  Similarly, more items addressing the three-part lesson would have been helpful.  The statistical value of cluster measures was very limited (except when comparing two identical measures for 2001 and 2002), however as with the Section 1 clusters, they were useful groupings of associated items.  Teachers’ responses were collected to enable triangulation with the pupils’ and were intended to give some indication of the reliability of the pupils’ responses.  Inevitably, because of teachers’ natural concerns to present their classroom practices in the best light, there is a possibility that some of their results may tend to be representative of ideals, rather than practice.  (I will give a personal view of this issue in section 10.1 of the postscript.)  Despite concerns about the reliability of the teachers’ results, where they were consistent with the pupils’ responses there was strong corroborative evidence supporting the results of the pupils’ survey. 

The time-scale of the project also presented problems.  The project was first proposed late in 2000.  The project had to be developed very quickly in order to collect the first set of data from the comparison group, so that the pupils were as unaffected as possible by the implementation of the Strategy in Year 7.  It was necessary to devise the questions to be ready for the pilot early in 2001, the results of which were analysed and reported at a research conference in February.  In the light of the pilot, the questionnaire was revised and some items rewritten.

The first full data collection was at the end of that spring term.  Towards the end of a term, pupils (and teachers) are often tired.  This may have had some influence on the responses, especially the affective ones.  Nonetheless, it was important to collect the data as soon as possible.  Since comparisons were to be made between the comparison group and the following Year 8 cohort, it was no longer possible to change any of the existing items.  The final, revised, version of the Framework became available shortly after the first data were collected, so Section 2 of the questionnaire was based on the draft Framework.  Consequently, there were no items specifically addressing one particular aspect of direct interactive teaching (exploring and investigating, as I explained in Chapter 6).  The data from the 2001 sample were processed during the autumn.  This meant that it was too late to take-up any of the respondents’ offers to discuss their responses.  However, no major issues requiring this kind of follow-up arose from processing the data.

The second set of data was collected in March 2002 at the end of the next spring term.  These data were processed quickly and were analysed beside the 2001 data.  This process took until the end of the summer term, yet again there was little opportunity to interview pupils about their responses in the same academic year.  It would have benefited the project to include some interviews with pupils, as was the original intention, but time constraints made this impossible.  It would have been wrong to interview the pupils too long after Year 8. 

When the project is reviewed overall, it is unfortunate that there was not more time to develop a more polished set of instruments.  However, had the data been collected later, the (rather limited) statistical control provided by the comparison group would have been diminished.  Worse still, no comparison group would have been available at all had the project been delayed by more than three months.  The greatest strength of this research project is that it enables pupils’ attitudes and beliefs about mathematics and the teaching they experience to be compared with those before the implementation of the Strategy.  This is an opportunity that is no longer available since the full implementation of the Strategy.

CHAPTER TEN

POSTSCRIPT – AN INSIDER’S VIEW

Throughout this research project I have striven to be as objective as possible.  Similarly, in writing my account of the project and its outcomes, the need for objectivity has been a priority.  However, the researcher’s role always has some bearing on the outcomes of the research.  In this final section of my account, I will review my results in the light of my understandings as the head of mathematics at the sample school.

In this postscript I will: 

1. discuss how my dual roles as head of department and researcher have affected the results

2. draw upon my observations of colleagues teaching to illuminate the pupils’ and teachers’ responses to Section 2 of the questionnaire

3. draw upon evidence from the numeracy consultant (who has worked with the department from September 2001) to help interpret the research outcomes

4. discuss the progress of the pupils in the sample as measured by standard tests of attainment

5. discuss the general progress of the Key Stage 3 Strategy in the school

In writing this chapter, I risk offering a singular and subjective account.  As a safeguard against this, I have tried to ensure that this chapter reflects my colleagues’ opinions as well as my own.  To achieve this, I asked departmental colleagues to read the first draft of this chapter and offer their views on its accuracy.  I have incorporated these views into the final draft. 

10.1
My Role as Head of Department and Researcher

In Chapter 4, I described the methodology underlying this project.  I emphasised my close involvement in mathematics teaching at the sample school, and described my methodology as ethnographic (where the researcher is not independent of the population under investigation).  As a researcher I have tried to be as objective as possible throughout the project, however, it is inevitable that, as the head of the mathematics department at the sample school, I have had a major influence in the operation of the department.

As I noted earlier (section 5.3), the mathematics department chose to introduce the Strategy a year early.  Several factors combined to influence this decision.  One of these was the decision to re-write the Key Stage 3 programme of study for the department, since there was a growing sense of dissatisfaction with it.  This was compounded by some parental concerns about a lack of challenge and progress in our Y7 classes (reflecting similar concerns being expressed nationally at the time).  In addition, on our visits to Year 6 mathematics classes in our feeder primary schools, we were impressed by the level of pupil involvement and by the pupils’ improved computational skills under the Strategy.  In the summer term of 2000 we decided to adopt the Strategy for Y7 the following September, since we felt that these pupils would benefit from the continuation of the Strategy.

The local advisory service provided support to the department to prepare for the formal launch of the Strategy; however, significant support and INSET were not readily available until the formal implementation of the Strategy the following year.  Nevertheless, for the first year of the departmental implementation of the Strategy in Year 7, we decided to adopt the three-part lesson format as the recommended lesson structure and a strong emphasis was placed on mental and oral work in lessons.  However, we were aware that some members of the department were using other lesson structures very successfully: we did not wish to jeopardise this by forcing them to abandon successful approaches.  We adopted the policy that lessons should generally have a three-part structure; if other approaches were used, they had to compare favourably with the approaches recommended by the Strategy.  This policy continued to apply throughout the period of the research project.

In collecting the data for this research project, I assured members of department and pupils that I would not use any of the responses to the questionnaire in any way that would affect them personally.  The pupils’ questionnaires were anonymous and the teachers were not identified explicitly on their questionnaires, however they were associated with their teaching groups and therefore possible to identify.  Colleagues appeared comfortable and uninhibited with this exercise.  Nevertheless, I recognise that there is a strong possibility that colleagues may have been careful to present their practice in the best possible light to their head of department.  As a safeguard against this, other sources may be used to validate the teachers’ responses: in particular my classroom observations and those of the LEA numeracy consultant.  I will discuss these in the two following sections.

10.2
Classroom Observations

Departmental colleagues generally welcomed the opportunity to reflect on teaching mathematics, rather than school management (as had been the perceived nature of previous initiatives), so the introduction of the Strategy was treated with enthusiasm, coupled with caution.  Throughout this research project, I made regular visits to colleagues’ classrooms, both informally and for formal observations.  On the basis of these visits, I surmise that, with some exceptions, a majority of members of department had adopted the three-part lesson structure (with a focus on mental and oral work) for their classes in Year 7 (and subsequently Year 8), in line with departmental policy.  This observation is supported by a corresponding increase in the level of collaboration between departmental members over this period, who developed both formal and informal networks for sharing practice and resources associated with these teaching approaches.  In fact, colleagues have been keen to share ideas, especially for starters.  During the last two years, two members of department have been leading mathematics teachers (appointed by the LEA to “offer other teachers the opportunity to see successful teaching based on the Framework for teaching” (DfEE, 1998b: 26)).  As far as I could tell as head of department, colleagues adopted the approaches recommended for the Strategy with commitment and enthusiasm (and rather more readily than I had anticipated). 

In formal observations, observers are presented with what their colleagues want them to see, however in regular unannounced visits to classrooms, I regularly observed practice that was consistent with the Strategy.  I believe that, on the whole, departmental colleagues had adopted the main tenets of the teaching approaches recommended by the Framework.  That is not to say that all colleagues’ lessons were slick performances (like those on the training videos).  However, in my judgement, there has been a change in teaching styles across the department to accommodate the approaches recommended for the Strategy, not just in Key Stage 3, but across the full age-range.  In the following section I will refer to observations from the LEA numeracy consultant (who has worked with the department since September 2001), concerning the department’s adoption of the teaching approaches associated with the Strategy.

10.3
The Numeracy Consultant’s View 

Sue Madgwick, an LEA numeracy consultant, has worked with the department at the sample school since September 2001.  She has worked with the whole department at various times and was the main speaker at a whole-staff INSET session on numeracy in February 2002.  Although she is familiar with the whole department and its operation, she has worked most closely with four members of department, who were either new to teaching or unfamiliar with the Strategy.  In the autumn of 2002, and in the light of the results of this research project, I asked her for her observations on the department’s use of particular teaching approaches.  (The questions and her replies can be found in Appendix 10.3).  Her observations cannot be treated as comprehensive, since she has worked closely with only a small subgroup of the department.  However, her observations about teaching approaches used in the department are useful, in that they are independent and broadly in line with my own observations, discussed in the previous section.  My questions to her fell into six categories.

1. The three-part format for lessons.

In her view, pupils were used to this format, in particular the use of starters. 

2. Starters and plenaries INSET.

She planned INSET in these two areas because they had been highlighted in the departmental Key Stage 3 Strategy action plan and because there was a “Strategy push” to develop the use of plenaries as a result of evaluations of the implementation of the Strategy. 

3. Mental and oral mathematics.

She noted that the amount of mental and oral work in lessons was affected by the teachers’ relationships with their classes.  The classroom atmosphere was not always appropriate for working this way.  Some teachers used mental work in the starter, others used it throughout the lesson. 

4. Direct, interactive teaching.

She observed that some teachers used whiteboards successfully to promote interaction, although this could lead to a loss of pace in the lesson and a lack of opportunities for consolidation.  Other staff used questions well throughout the lesson to maintain involvement and engagement.

5. Pupil engagement and participation.

She felt that, by and large, the pupils that she saw were active participants in the lessons, and it was the intention of most teachers to achieve active pupil participation, however some achieved this more effectively than others.

6. Class discussions: who does the discussing?

She noted that there was a lot of discussion, but some teachers were better than others at allowing pupils to “have a turn”.  She felt that the staff who used the whiteboards used them well to promote discussion.

10.4
The Pupils’ Attainment in National Testing.

I chose not to explore pupil attainment in my research project, since this is addressed formally and systematically by the end of Key Stage 3 tests.  Nevertheless, data concerning pupils’ progress against the Key Stage 3 attainment targets during the period of implementation of the Strategy provides useful background information, placing the results of this project in context.  In this section, I will review such attainment data for the two populations of pupils involved in this project.

Those pupils in the 2000-2001 Y8 sample (which I have called the comparison group) sat their Key Stage 3 Tests in May 2002.  Of these pupils, 71% attained level 5 or above, compared with 67% nationally (DfES, 2002e).  However, at the time of writing, the second Y8 cohort (2001-2002) has only just started Year 9, so KS3 test data are not available for them.  Nevertheless, it is useful to review the results of this project in the light of the pupils’ Key Stage 3 attainment.  I have used two sets of data (both derived from standard tests) to illustrate the potential for Key Stage 3 attainment:

1. Key Stage 2 results

2. Year 7 NFER CAT screening tests (Thorndike et al, 1986).  These are tests of cognitive ability, used widely throughout Devon to provide base-line data on pupils’ expected academic progress.

I have used attainment data for the members of each cohort as it was in Year 9, the year of end of Key Stage 3 tests and, in both cases, the school year after the research data was collected.  Inevitably, there are problems associated with these data.  Since pupils joined and left the school during Years 7 to 9, the populations varied during the progress of the Key Stage.  Thus, the membership of the two sample populations for the research project is not identical (although very similar) to the membership of the two populations for which the following data are provided.  Therefore, I will use these data illustratively, rather than for statistical inference. 

As the implementation of the Strategy progressed into Year 8 (with the second cohort), the department changed its methods of assessment.  For the first cohort, Year 8 assessments were based on departmental tests and teachers’ assessments.  Optional tests (see section 2.2.3) were used with the second cohort.  These national tests resulted in a distribution of National Curriculum levels that was very different from the previous year’s.  (See Appendix 10.4)

	Level 
	Cohort 1 (Y8 00-01) 
	Cohort 2 (Y8 01-02) 

	3 or less
	13.3%
	19.9%

	4 and above
	86.7%
	80.1%

	5 and above
	42.2%
	58.0%

	6 and above
	6.4%
	34.5%


Table 10.4 Year 8 Teacher Assessments

There are two problems with these data.

1. The data for the first cohort were generated by teachers from internal tests and assessments, whereas those for the second cohort were taken directly from national Optional Tests.  Hence, although the outcomes of both assessments are expressed in terms of National Curriculum levels, the assessment methods are different, and therefore not comparable.

2. Teacher assessments were available for every pupil in the first cohort, whereas the optional test results were only available for just under three-quarters of the sample.  (The Optional Tests were set on one day, so there were absentees.  In addition, not all of the classes took the tests, so the populations for whom we have these data are not directly comparable.)

Although these results appear to indicate a massive increase in attainment since the introduction of the Strategy, they are not reliable.  Neither is there any evidence from teachers of such an increase in attainment.  Therefore, I have decided to treat these results with extreme caution, and I will not draw any conclusions from the comparison of these two sets of data. 

10.4.1
Key Stage 2 Results
The following table gives the percentages of Y9 pupils from each cohort attaining each level in the Key Stage 2 tests.  These figures do not apply to all of pupils in each cohort since the data were unavailable for a few pupils.  However we have data from 392 pupils in the first cohort and 360 in the second, in each case a large majority of the cohort.  The national figures are from the DfES Autumn Package (DfES, 2002e)

	Level 
	Cohort 1 (KS2 99)

School (national)
	Cohort 2 (KS2 00) School (national)

	2
	0.5% (0%)
	0.3% (1%)

	3
	24.7% (23%)
	18.3% (21%)

	4
	54.6% (45%)
	56.9% (47%)

	5
	20.2% (24%)
	24.4% (24%)

	4+
	74.8% (69%)
	81.3% (72%)


Table 10.4.1 Key Stage 2 Results 

As the table shows, the Key Stage 2 attainment of both cohorts was not very different, with a tendency for the second cohort to have slightly higher levels of attainment in the tests, even when compared with national trends.  It is noticeable that the proportion of pupils, from each cohort, attaining level four or higher (for which national targets are set) is above the national proportion.  However, the proportion of pupils attaining level five or higher, is below the national proportion for the first cohort and roughly the same as the national proportion for the second cohort.  Therefore, although the Key Stage 2 results for each cohort were broadly similar, there is an indication that the first cohort had fewer higher attainers.  When a (2 test of goodness of fit is used on the KS2 data from the two cohorts, there is no statistical evidence that the levels for the second cohort are inconsistent with those for the first cohort (see appendix 10.4.1).

10.4.2 NFER CAT Screening Tests
These are tests of cognitive ability (Thorndike et al, 1986), used widely throughout Devon to provide base-line data on pupils’ expected academic progress.  The results of these tests, taken at the beginning of Year 7, are used within the school to forecast the percentages of pupils attaining each level in the end of Key Stage 3 tests.  Table 10.4.2 (below) gives the forecast Key Stage 3 results for each of the cohorts, as their populations stood in Year 9.  More detailed results are given in appendix 10.4.2a.

	Level 
	Cohort 1 (Y8 00-01) 
	Cohort 2 (Y8 01-02) 

	3 and below
	7%
	9%

	4 and above
	93%
	91%

	5 and above
	69%
	67%

	6 and above
	35%
	37%


Table 10.4.2 NFER CAT forecasts

From the evidence of these screening tests, there was little difference between the predicted performance of the two cohorts.  When a (2 test of goodness of fit is used on these forecasts, there is no statistical evidence that the results for the second cohort are inconsistent with those of the first (see appendix 10.4.2).

At the time of writing, end of Key Stage 3 results were available for the first cohort only.  The corresponding percentages in the KS3 tests for this cohort were:

Level 4 and above:
90% 

Level 5 and above:
71%
(nationally 67% (DfES, 2002e))

Level 6 and above:
42%
(nationally 45% (ibid))

(The school results take account of thirteen absences (about 3%) who received no level and are treated as being below level 4.)  The results for this cohort were better than the national results for level 5 and above, the level at which the government sets its targets (see section 2.1.1).  However, at the higher levels (level 6 and above), the results were slightly behind national trends.  This pattern is consistent with the Key Stage 2 results for this cohort (see table 10.4.1).

The department’s use of booster classes (see section 2.2.1) to support border-line level 5 pupils may have had some bearing on the number of students attaining level 5.  However, these booster classes occurred after the Christmas holidays and the November teacher assessments indicated that 70% of the cohort were at level 5 or above (very close to the actual result of 71%).  Therefore, there is no strong indication that the booster classes are the reason for this pattern of results.  This observation is supported by the NFER forecasts.  When the subgroup of the cohort which took both the NFER screening tests and the end of Key Stage 3 tests was considered, 69% were predicted a level 5 or above.

10.5
A Personal View of the Introduction of the Key Stage 3 Strategy in the School

There have been several changes in the way that Key Stage 3 mathematics is taught in the sample school since the introduction of the Strategy.  The most notable of these has been the adoption of the three-part lesson structure, which is also permeating Key Stage 4 lessons.  The increased emphasis on mental and oral work has also had a major impact on lessons, especially for lower attainers.  Hitherto, many of the lowest attaining pupils completed relatively little of the predominantly written work in their lessons.  Now that there is more opportunity for oral work, they are able to participate more fully.  These changes in approach to lesson organisation have been promoted by extensive INSET provision, most of it under the aegis of the LEA advisory service.  There has been significant funding for this INSET from the Standards Fund.  Some of this INSET has been in the form of courses attended by individual members of the department, who cascade the training to colleagues.  A particularly welcome feature of the pattern of training has been in-house INSET, provided by the numeracy consultant, working closely with every member of the department.  Colleagues have been supportive of each other in adopting the teaching approaches recommended by the Strategy, sharing ideas and offering advice and support.  It is noticeable that, over the last two years, the four newly qualified teachers who have worked in the department were already familiar with the teaching framework of the Strategy and have collaborated effectively with longer-standing colleagues in their lesson preparation.  Members of department are generally very positive about the introduction of the Strategy, and welcome an educational initiative that has classroom practice as its focus.

The Strategy places particular emphasis on detailed planning of lessons (DfEE, 2001: 44-56).  Departmental colleagues now devote much more of their time to planning which, of itself, is not a bad thing, but has caused a marked increase in work-load.  The LEA advisory service has given the department strong guidance on the form and detail of planning required for the Strategy (as far as planning the wording of individual questions to be used in class).  However, the school has recently introduced a requirement for all lessons to be planned in a different format: this has led to some frustration and a duplication of work.  The medium term programmes of study (provided as exemplars for organising the yearly teaching programme) have been slightly modified and adopted by the department.  Colleagues were pleased to be offered guidance about ordering the programme of study for the National Curriculum in a way that promotes curricular consistency, both with other secondary schools and with our feeder primary schools. 

As I noted earlier, in sections 9.5 and 10.1, one of my concerns about the Strategy is that the approaches to teaching described in the Framework may come to be treated as a prescriptive straightjacket.  Schools are not obliged to adhere unerringly to the teaching approaches laid down in the Framework, (DfEE, 2001: 2); however I already detect a tendency for colleagues to treat certain teaching approaches associated with the Strategy (especially three-part lessons and regular mental and oral work) as sacrosanct.  A mechanistic, checklist, application of the teaching approaches recommended for the Strategy will not necessarily lead to good teaching, and may lead to tedious and alienating experiences of learning mathematics.  As well as exploring the teaching approaches outlined in the Framework, teachers must also be encouraged to use their creativity and imagination to offer other, perhaps very different, lesson structures and learning experiences which may be rich in mathematical opportunities and effective in promoting learning.  Although the Framework encourages creativity in teaching approaches I fear that in future, heads of department may face the issue of having to encourage teachers to be adventurous and creative in stepping outside of the orthodoxy of the lesson structure promoted by the Framework.

10.6
A Contextual Review of the Research Findings

In the previous chapters of this account, I have tried to be as objective as possible in discussing mathematics teaching at the sample school.  In this chapter, I have used my understandings as head of department to describe how the Strategy has been implemented within the school.  I will now review and interpret two of the results of this research project in the light of my experience as head of department.

The results of the research project indicated that, at the very least, pupils’ attitudes  and affective responses to mathematics had not deteriorated with the advent of the Strategy.  This is supported by my experience as head of department.  We now get relatively few parental queries about lack of progress in Y7, which may be viewed as an indication that fewer pupils are unhappy about their progress in mathematics.  Our colleagues in primary schools also seem more comfortable with our mathematics provision.  On the whole, pupils do not seem dissatisfied with their maths lessons, in particular, they appear to enjoy the interactive aspects.  This conflicts with the relatively low attitudes scores for both populations.

There was a degree of inconsistency between the teachers’ and the pupils’ responses concerning the teaching approaches used in lessons.  It is tempting to suggest that the pupils’ responses are more reliable (they have nothing to lose): however as head of department, I believe that, broadly speaking, my colleagues have adapted their approaches in line with the Strategy.  Certainly, the three-part lesson is by far the most common Key Stage 3 lesson structure and mental and oral starters are regular features of nearly all lessons.  It is possible that this practice has grown over the period of the implementation of the Strategy (which had been formally in place for just 7 months at the time the second set of data were collected).  It is also possible that the pupils were not as aware of the structure of their lessons as their teachers were and therefore less able to identify particular aspects of teaching practice.  Alternatively, the teachers may be more aware of the intended structure of the lesson, whereas the pupils are only aware of the actual structure of the lesson.  As I suggested earlier in the previous chapter (section 9.7), this may be redressed by teachers making their intended teaching and learning methods clear to their classes, in the same way that they make the learning outcomes clear.  This will also encourage pupils to develop their metacognitive approaches to learning and doing mathematics.
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