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Rt. Hon. Michael Gove MP

I am hugely grateful for the work of Carol Vorderman and her team, particularly Roger Porkess, 
in producing this report.

Mathematical knowledge is the most precious gift an education can bestow. As Carol and her 
team remind us in their introduction, mathematics is ‘the only truly universal language’. Without 
a secure understanding of mathematics then musical composition and architectural design are 
impossible. Chemistry, physics, biology, geography, economics and even poetry rest on the 
foundations mathematics provides.

As our society becomes more complex, so the level of mathematical knowledge every citizen 
requires has deepened. Critical personal finance decisions, from choosing a mortgage to thinking 
about pensions, depend on individuals being secure in the basics of numeracy. Understanding 
the decisions governments make; on debt, deficits and the design of taxes is impossible without 
a grounding in mathematics.

Mastery of mathematics is key to success in the modern economy. The better educated a country and its citizens, the more likely they are 
to prosper. Few qualifications confer an economic advantage like mathematics qualifications. Whether it’s writing the code behind a new 
software breakthrough, mapping new frontiers in bioscience, drawing up the business plan for a new music portal or remodelling the IT 
which guarantees the performance of a high-performance car; mathematical knowledge is the essential driver of progress.

But as Carol and her team point out so powerfully, we are falling behind our competitors when it comes to mathematics education.

British 15-year-olds’ mathematics skills are now more than two whole academic years behind 15-year-olds in Shanghai.

Only 15 per cent take the subject, in some form beyond GCSE.

In the last decade, we have plummeted down the international league tables: from 4th to 16th place in science; and from 8th to 27th in 
mathematics. While other countries – particularly Asian nations – have raced ahead we have, in the words of the OECD’s Director of 
Education, ‘stagnated’.

So, as Carol persuasively argues, we must reform. We need to reform teacher training to get even more talented people into the 
classroom, we need a more rigorous curriculum which matches the world's best, and we need exams which equip our students for the 
society and economy of the future.

We will be prioritising the recruitment of mathematicians by offering teacher training bursaries for mathematics PGCEs. Mathematics 
teaching will also be properly embedded as a top priority in primary school teacher training.

Our National Curriculum review is researching the programmes of study in the countries that regularly top the international league tables 
so we can emulate, and in due course, overtake them. And our overhaul of the exam system will embed higher standards with additional 
support for the Further Mathematics Network ensuring more students take the most rigorous courses.

This comprehensive report, looking at all the important areas, will be of great help as the Government continues its drive to equip our 
children with the skills that they need to compete with their global contemporaries and thrive in the 21st Century.
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Scope

This report is the result of a request to Carol Vorderman from David Cameron and Michael Gove for advice on mathematics 
education at the time the Conservative Party was in opposition. A small voluntary task force was formed and has worked with very 
many organisations and individuals (including students and parents) in the course of the completion of this report.

During this time, a general election took place and a Coalition government was returned; that has not affected our recommendations.

The report covers the mathematics in our schools and colleges for students from age 5 (Year 1) to age 18. Our remit did not 
extend to higher education but we found it impossible to dissociate what happens in universities from its impact on schools and 
colleges, and vice versa. So, we include a section on higher education with recommendations that are relevant to the rest of the 
report. Our remit covered England only, but we are in no doubt that many of our recommendations are relevant to other parts of 
the United Kingdom.

We assess:

We then recommend the critically important changes which need to be made to provide a world-class mathematics education for all 
our young people.

where mathematics education currently stands in England, 

where it needs to be in order for us to compete internationally on an economic basis, and

what is needed on an individual basis for students to be mathematically literate, and so able to fulfil their potential in future life.
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Introduction

This report does not make comfortable reading. It is, by necessity and intent, aspirational. We believe 
that if our recommendations are implemented, it is more than possible to achieve a world-class 
mathematics education for all our young people.

Mathematics is a language. It is the language without which science, commerce, industry, the internet, and the entire global economic 
infrastructure is struck dumb. It is the only truly universal language, and it is an essential part of our personal and working life. 
Mathematics is not only a language and a subject in itself, but it is also critical in fostering logical and rigorous thinking: as such its 
influence is immense. 

Everyone recognises that it is vital to be able to read and write basic English. However, you do not have to be able to write with 
great elegance, or to understand literary nuances, to function in the workplace. In mathematics, the equivalent of basic reading and 
writing is numeracy. Numbers are the sounds, syllables and words of the language of mathematics, but for enormous swathes of our 
population, both adults and students, it is a language they cannot speak. 

It is estimated that at least 1 in 4 of our economically active adults is functionally innumerateI1, I2, I3. Clearly many adults learnt little 
mathematics while they were at school. We would have hoped that with the enormous financial investment in education over the last 
two decades this would be something of the past, but it is not. Recent research estimates that 22% of 16–19-year-olds are functionally 
innumerate; this figure has remained stable for the last 20 years and is higher than in many other industrialised countriesI4.

We would like to emphasise from the start that this is not a back to basics report. We absolutely do not recommend a regression 
to systems of old; they produced our current high level of adult innumeracy. However, we make no apology for emphasising the 
fundamental importance of understanding the working of numbers, the basic vocabulary of the mathematical language; they must 
be understood and known by all students. 

Currently the system gives us these stark outcomes:

This systemic failure contrasts catastrophically with today’s economic reality.

Mathematics requirements in jobs have increased significantly over the last 20 years, and they will continue to do so, probably at an ever 
faster rate. Consequently, the employment prospects of today’s students are highly dependent on their level of mathematical knowledge 
on leaving education. This affects everyone, from those requiring basic and financial numeracy, to those using high level mathematics. 

Unless major alterations in our mathematics education are made, and quickly, we are risking our future economic prosperity. The 
effect of mathematics education on an economy is understood in many leading industrialised nations, including those of the Pacific 
Rim, whose students perform particularly well in international comparisons. The United States also recognises its need for a radical 
improvement in the mathematical competence of its students. In his 2011 State of the Union message, President Obama spoke about 
the need for a cultural shift in American education to ensure that it produces people with the skills that the United States’ economy 
will need in the future. ‘In a single generation, revolutions in technology have transformed the way we live, work and do business… 
Meanwhile, nations like China and India realized that with some changes of their own, they could compete in this new world. And so 
they started educating their children earlier and longer, with greater emphasis on math and science. They’re investing in research and 
new technologies’ .

The aim of this report is to make sure that the mathematics in schools and colleges in this country is aligned with our national needs 
and matches the best in the world for all our young people. It is not good enough to quote statistics for the top 15% of students, nor is 
it good enough for the system to gear itself to them and for everyone else to receive a trickled down version of their requirements. 

Nearly half of all students “fail” GCSE Mathematics (ie do not get Grade C or above)
Only 15% of students take mathematics, in some form, beyond GCSE.
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It is important to understand the sheer scale of the failure of the current system. Children are taught mathematics in school 
from age 5 to 16. By the age of 16, there is a colossal 10-year range in mathematical learning between studentsI8. At this time, 
nearly half of them “fail” GCSE Mathematics.

If you imagine those 300,000+ young people who have failed holding hands in a line, then that line of students would stretch 
the entire length of the M1 from London to Leeds. These are just this year’s GCSE students who, after 11 years of being 
taught mathematics, have learnt to fear and hate the subject. And next year there will be another such line of students, and 
the year after, and so on. 

These are the students who “fail” GCSE, but research has shown that many of those who scrape a pass at grade C are still 
incapable of truly understanding how to calculate percentages and fractions or to interpret dataI9. By writing off such a large 
section of our young people, we are denying them both their individual ability to fulfil their potential in life, and squandering our 
country’s natural human resources.  

Scale of current failure

As with any language, the fundamentals of mathematics (for example, multiplication tables and number bonds) are most 
easily learnt when you are young. It is perhaps not surprising that what happens at primary school is important, but it is the 
critical nature of that responsibility which is frightening.

Research shows that by the age of 11 (i.e. at the end of primary school) a child’s mathematical career is usually decided. 
Statistics show that 90% of those who fail to reach the SAT target in the Key Stage 2 National Test at this age will fail their 
GCSE Mathematics; conversely, 94% of those who surpass the SAT target will passI5.

Statistically, therefore, if you are on the scrapheap by the age of 11, you are likely to remain there.

Primary school teachers are expected to carry this heavy responsibility, but we believe that the system does not prepare many 
of them anywhere near adequately. Through no fault of their own, many lack subject knowledge in mathematics and the confidence 
that goes with it. In 2006, of the 9937 PGCE students (all with first degrees) training to become primary school teachers, just 227 had 
a science, technology, engineering or mathematics (STEM) degreeI6. Almost all of those on primary PGCE courses gave up studying 
mathematics at age 16. So, by the time they taught their first classes, they had not studied mathematics to any meaningful level for at 
least six years. This cannot be allowed to continue.

The DSCF estimated that teaching primary school mathematics costs approximately £2.3 billion per yearI7, so the cost of the 
present system is not only personal for the children, but real for each taxpayer too.

Critical importance of primary school teachers

In England, together with Wales and Northern Ireland, about 85% of students give up mathematics after GCSE. In almost 
every other developed country all, or nearly all, students continue mathematics for a further two years to the age of 18I10.

As a consequence, many students in England who go on to university do so without the background in mathematics they will 
need to study their chosen subject effectively. Universities are expected to offer degrees of an international standard, but in 
many subjects they are hamstrung by the lack of mathematical knowledge of their incoming students. 

Employers and their organisations also complain about the low level of mathematical competence of their new employees and 
now many hold numeracy courses in mathematics to allow them to ‘catch up’.  

These are the effects of the failure of a system which allows students to give up all mathematics at age 16. This report shows this 
policy runs against common practice in most industrialised nations. We believe there is an urgent need for this to change.

Giving up mathematics at age 16

Here are just three of the many issues this report addresses.
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Who should own school (and college) mathematics?

The users of school mathematics are the students.

The end-users are those who are going to be receiving the students – lecturers in further and higher education, and 
employers. At present none of these has much say over what is learnt but the outcomes are hugely important to them. 

Control rests essentially with administrators in government offices. Few of these people are mathematicians and their 
working methods rely heavily on imposing general regulations, whether or not they are suitable for mathematics or consistent 
with its critical contribution to the state of the nation. This situation has deteriorated in recent times.

In between these two groups are the teachers and the examination boards who deliver the administrators’ requirements to students. 

We question whether this balance of control is serving the nation well. In the past, end-users and teachers had much greater 
influence over school mathematics and we advocate a return to that situation.

What entitlement should young people have in terms of mathematics?

When the National Curriculum was introduced the word ‘entitlement’ became part of the everyday vocabulary of education. 
Today, every child has an ‘entitlement’, through statutory regulation, to be taught the relevant Programmes of Study in the 
National Curriculum. That means that teachers have an obligation to teach this material, whether or not it is within the grasp of 
their pupils. We believe that, as a result, many young people are exposed to frequent failure, and so conclude that they cannot 
‘do’ mathematics. 

We suggest that the meaning of ‘entitlement’ needs to be re-considered. 

These Programmes of Study are suitable for some, but for many others many they are not. All young people should be entitled 
to understand mathematics at some level, and to the confidence boost that comes from it, rather than being forced to study 
topics that ensure failure for many of them.

Success in mathematics is far removed from being told you have passed an examination on a mark of 15%, as happened in 
GCSE a few years ago. When we refer to ‘success’ in this report, we are not talking about giving away cheap prizes, but about 
affording young people the satisfaction of knowing that, at their own level, they have risen to a challenge.  We know that for them 
‘success’ in mathematics at school will inevitably lead to greater opportunities in later life when many doors, that would otherwise 
be closed to them, will then open wide.

It is sometimes suggested that restricting some pupils to a smaller curriculum would impair their chances of subsequent 
development. We think that argument needs to be challenged. 

Surely the greatest damage that can be done to young people’s future prospects is to teach them that they are unable to 
understand mathematics? By contrast, someone with sufficient confidence in the basics can always pick up more topics later on. 

This report is being published at a time when the National Curriculum is being rewritten. We hope the new Programmes of 
Study will not commit future cohorts of young people to systemic failure.

These are a few of the symptoms of a system that is simply not working. 

However, there are deeper issues. 

In preparing this report, we have repeatedly asked: ‘How it is that such a manifestly unsatisfactory system has been allowed to arise 
at all, and to gain acceptance as the way things are?’

We put these concerns in the form of three questions.
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Are we giving sufficient thought to designing an integrated mathematics provision?

As soon as we started work on this report it became clear we were not looking at isolated problems which could be 
addressed with sticking plasters. Each stage was feeding inadequacies through to the next, culminating in some young 
adults with only limited mathematics subject knowledge returning to the system as teachers. Has the system ever been 
designed as a whole?

At the moment, three major reforms are happening:

Raising the Age of Participation (compulsory education) to 17 in 2013 and to 18 in 2015
Rewriting the National Curriculum
Reviewing the testing arrangements for the end of Key Stage 2

Surely we will be better served if the study of mathematics at all ages is seen as one integrated exercise, particularly the 
period from age 14–18?

We suggest this is the time to suspend thinking in terms of current regulatory structures, and design routes of progression that 
will suit everyone (and close doors to no one). 

In addition, in this report we make two major recommendations for the secondary school curriculum:
Reforming GCSE Mathematics so that it becomes two subjects suitable for all
Reforming the post-16 system so that all students in full-time education study mathematics, in some form, to the age of 18

I1
I2
I3

I4

I5

I6

I7

I8

I9
I10
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Executive summary

The aspiration motivating this report is that we can, and should, provide a world-class mathematics education for all our young people. 

The report covers state education in England from age 5 to 18. It proposes radical changes to the current system: some of these will 
require new regulation, some are currently being reviewed as a result of previous work by other bodies, and some will need further 
and more detailed study.

The report also considers the significant impact and relationship with higher education and employers, even though these technically 
fall outside of the remit of the Department for Education.

Summary findings of each section

Such is the urgent national requirement, mathematics should be given the status of a ‘subject of critical importance’, and so be 
exempt from the current statutory blanket regulations which are applied across all subjects. Mathematics has different requirements 
and the imposition of these regulations has undoubtedly had a negative effect. It is also important that higher and further education, 
and employers are involved in determining the nature and structure of the mathematical education of school-age students.

Micro-management within the education system, imposed at local, regional and national level, has led to barriers to good teaching 
and learning of mathematics. We welcome the changes to this that have been recommended so far, particularly in the Schools 
White Paper: The Importance of Teaching.

It is essential for us to consider all young people and much greater attention needs to be paid to those students (nearly half 
of each cohort) who currently are deemed to ‘fail’ mathematics at age 16. We believe that it is largely the system which fails 
those students. We must recognise that their requirements are different from those of the top 15% who currently go on to study 
mathematics to a more advanced level.

Financial numeracy is important both for individuals and for the economy, and so should be addressed within the curriculum.

Innovation in syllabuses, qualifications and provision must be encouraged in mathematics: current regulation and accountability 
procedures has stifled it in recent years and we give examples throughout this report. This unnecessary situation will continue 
unless the recommendations in Section 1 of this report are acted upon. 

International comparisons are useful, but care must be taken not to jump to immediate conclusions based on any latest 
comparison. The comparisons show trends: in the PISA study, the trend for the UK has been downward. In TIMSS, England has 
remained fairly stable. However, England is consistently below the highest performing group of nations which largely occupy the 
Pacific Rim geographical area. We should aspire to reach the mathematical attainment levels of the most successful countries. 
However, due to large cultural differences in society, home and education, we cannot merely import a system from one of these 
nations and expect it to work.

The mathematics subject knowledge of primary school teachers and new trainees urgently needs to be improved. In 2006, only 
2% of those graduates studying PGCE (to become primary school teachers) had a STEM degree; few had studied mathematics 
beyond GCSE. Many do not feel confident in the subject. This is not a criticism of them as teachers, but of a system which has 
allowed this situation to occur in a subject which is so critically important to the nation. It must be recognised that a child’s entire 
subsequent mathematical education, and therefore their prospects as adults, is largely determined by the age of 11. Therefore, if 
the mathematical needs of primary school teachers are not addressed appropriately then little else will fundamentally change.

1a

2a

2b

2c

2d

3a

4a
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Children in primary school should continue to have a daily mathematics lesson, but mathematics must also be actively 
encouraged in other areas of their daily routine in school. English (at primary level, largely reading and writing) is practised 
constantly throughout the normal school day, but mathematics often is not. This needs to be addressed so that children can 
practise number work more consistently and in an interesting, less formal, manner. It is only with constant practice that confidence 
and understanding of numbers is created.

We believe that the new National Curriculum should not predetermine teaching methods in mathematics or the chronology of 
learning. There has been a culture of policies which are non-statutory being almost universally viewed as obligatory by teachers 
and schools, due to the government agencies’ reliance on them for their tick-box style of assessment. This has not helped the 
mathematical education of children.

The crucial role of parents in a child’s primary education is well documented. This must be encouraged with mathematics 
particularly, and help should be offered to parents, many of whom have a fear of mathematics themselves. A number of schools 
do this already, and this is to be commended.  

The Key Stage 2 National Test (SAT) in its current form should end. Research has suggested that most schools focus their 
mathematics education for a minimum of two terms on teaching to the test due to league table pressures: thus, SATs can actually 
depress mathematical standards. In addition, most secondary schools pay no attention to the results the SATs produce, and re-
test children upon entry at age 11 using a number of other, completely different examinations. Secondary schools then use these 
new non-SAT results to put the children into their sets. In our view, these transitional arrangements have become farcical.  We 
understand that government requires some method of monitoring schools but the current system is to the detriment of children’s 
mathematical education. Shockingly, for a third of children, their first year in their new secondary school (Year 7) will result in no 
improvement in their mathematical standard. This means that for a vast swathe of each cohort, almost two years of schooling 
results in no progress in their mathematics. This situation must be addressed urgently and a new transitional arrangements put in 
place where the child is regarded as the most important element, not some bureaucratic system of accountability.

In Key Stage 3 (age 11–14) there is often a disengagement from the subject. Due to a shortage of teachers, 24% of all 
children in secondary schools are not taught by specialist mathematics teachers, and many schools place their non-specialist 
and supply teachers with the lower sets in Years 7, 8 and 9. Therefore, as many as half of Key Stage 3 children in lower sets 
may currently be taught by non-specialist teachers. It is no wonder, therefore, that 90% of these children who have ‘failed’ to 
reach the target in the SAT at age 11, then fail their GCSE and leave school functionally innumerate. Innovative teaching is 
needed for these children.

Recruitment and retention of mathematics teachers is crucial. Although this is generally understood, it provides an example 
of how regulation elsewhere, in this case in higher education, is directly affecting teaching in secondary education. There are 
currently ‘caps’ on the number of mathematics undergraduates a university can take: should the university go over this limit, it 
will be fined heavily. This applies to all subjects. However, we only have three-quarters of the specialist mathematics teachers we 
need to fulfil the current requirement of schools. Therefore, regulation in one government department is in conflict with an urgent 
requirement in another, and shows a need for inter-departmental cooperation.

GCSE Mathematics is taken at the end of Key Stage 4. We are in no doubt that since the introduction of the GCSE, grade 
inflation has taken place. However, this is not the fault of the students nor the teachers and schools, and the annual media assault 
on each new cohort, who are merely having to follow a system which is given to them by law, is not helping. The blame must be 
recognised to lie squarely with the regulatory system.

By age 16, there is a 10-year learning gap in mathematics between the highest and lowest achieving students. It is simply 
not possible for this hugely disparate group of students to be tested using one qualification. The present system for GCSE 
Mathematics, including the tiering arrangements for Foundation and Higher, is not fit for purpose.  

We are advising a radical change in mathematics education from the age of 14 to 18 with two critical recommendations. The first 
involves fundamental changes to GCSE. The second is that there should be some form of compulsory mathematics education 
for all students to the age of 18. Both of these recommendations must be considered together, and not individually, as the first 
has a direct effect on the second. The impact of the changes in GCSE, particularly for the half of each cohort which currently “fail” 
GCSE, will then be enhanced by a continuation of mathematics for a further two years from age 16 to 18.

4b

4c

4d

4e

5a

5b

6a

6b

6c
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6d

7a

7b

8a

8b

9a

9b

10a

The first recommendation of the two is that the present GCSE Mathematics system should be replaced by one offering two 
GCSEs (as exists for English Language and English Literature) as soon as possible. The design of this new system must not 
be constrained by the present statutory framework. The syllabuses must be allowed to reward students who are able to achieve 
a higher standard in a smaller area of the curriculum, rather than a low standard across a much wider curriculum (however this 
is eventually structured). Regulation currently prevents this from happening even though nearly half of our young people fail 
GCSE: by the age of 14 many of these have been turned off mathematics and, when they finish studying mathematics two years 
later, are still functionally innumerate. 

85% of all students in England give up mathematics at the age of 16: only 15% go on to study AS and A level Mathematics. In a 
recent international comparison of the proportion of students who take some form of mathematics after the age of 16, England,
Northern Ireland and Wales were bottom of the list of nations. Japan, Korea and Taiwan were at the top. (China and India had 
not been included in this study.) This is nothing short of a national educational catastrophe. Merely to bring us into line with the 
rest of the developed world (with whom we compete economically), mathematics, in some form, must be made compulsory to 
the age of 18. This recommendation is a matter of urgency. Throughout the report, we highlight the knock-on effects of not doing 
this: on future primary school teachers, those going on to further and higher education (in both STEM and many non-STEM 
subjects), on employers and individual citizens.  

We propose a route map for introducing compulsory mathematics for everyone post-16. It is not intended that all students 
should have to take AS and A level Mathematics. We group target learners into four separate and distinct bands and discuss 
their individual needs. At this point it is essential that whatever framework is determined it includes the input of higher and further 
education and employers. We also recommend that current provision should be looked at very carefully to see where it might be 
adapted to suit particular bands of students.

No changes should be made to the present AS and A levels in mathematics in the short term. We show research into the relative 
difficulty across all subjects; the most ‘difficult’ A levels, in order, are Further Mathematics, Chemistry, Physics, Biology and then 
Mathematics. These are 1.5 to 2.0 grades more ‘difficult’ than English, Business Studies or Design & Technology, and as much as 
2.25 to 3 grades more ‘difficult’ than Film Studies or Media Studies. 

We show the remarkable achievements in the study of Further Mathematics which have taken place in the last five years, and 
their direct and positive influence in higher education. A number of years ago, A level Further Mathematics was being branded 
as an ‘elitist subject’ as most of its entrants came from independent schools. Many people thought it was doomed. Due to the 
tremendous work and influence of the Further Mathematics Support Programme (FMSP), the numbers of those taking it in 
state schools has risen dramatically. Now almost two-thirds of state schools can offer this vitally important A level and students 
in other schools can, and do, take it using the online and face-to-face provision of the FMSP. Given the shortage of secondary 
school mathematics teachers, we believe that this methodology should be analysed fully and, perhaps, transferred to other parts 
of the curriculum.

We recognise the critical role of primary school teachers in the entire process of mathematical education, and we are concerned 
to improve their capacity to carry out this aspect of their job. In the short term, we recommend that those entering initial teacher 
training for primary school should normally need a minimum of grade B in GCSE Mathematics. This will ensure that they have 
completed the study of GCSE Higher Tier Mathematics. However, those who are providing their teacher training should have 
some discretion over who they accept on to the course. In the longer term, particularly with our recommendation for compulsory 
mathematics, in some form, to age 18, we expect this minimal entry level to rise.

The status of being a secondary specialist mathematics teacher should be better defined and related to the level of mathematics 
being taught, Key Stages 3 and 4, A level or the mathematical element in vocational courses. Funding for the Continual 
Professional Development (CPD) for these teachers is essential, and should be ring-fenced. The modes of delivery of this CPD 
should be reviewed to ensure that it is cost-effective.

While we appreciate that higher education is not within the remit of the Department for Education, this report would not be 
complete without considering its influence. The number of students taking degrees in mathematics has risen dramatically, 
broadly in line with rising numbers taking A level Further Mathematics. We believe that university mathematics departments 
should be allowed to take on all suitably qualified school leavers.
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Over the last 10 years, some departments offering degrees in STEM subjects dropped the requirement for entrants to have 
A level Mathematics. One cause of this was the 20% reduction in the number of students taking A level Mathematics in 2002, 
following the introduction of Curriculum 2000. Although the numbers taking A level Mathematics have now recovered and are 
much higher than before the crash, the fear remains among many admissions tutors that if they were to make mathematics a 
requirement they would be unable to fill their places. We suggest that the time is now right for many university departments to 
return to requiring A level Mathematics, or to increase the level of mathematics in their offers to potential students; this would 
increase the uptake of mathematics in schools and colleges still further. 

We find it hard to understand how a situation in which large numbers of students are systematically under-prepared for their 
degree courses has been allowed to arise. Mathematics is not just required by STEM subjects, but by very many other university 
departments as well; economics, social sciences, nursing, computer science and many more. The mathematics element of many 
degree courses is often a common cause of failure, drop-out or general disaffection for students. This failure of the system, 
therefore, inflicts an enormous personal cost to the individuals as well as a direct financial cost to the taxpayer who will have 
invested a considerable amount of money in every student’s education to that point.  

Government agencies exert ultimate influence on the education system. Ofqual is responsible for regulation, and Ofsted for 
inspection. The impact of the culture, based on centralised control through micro-management, within both of these organisations 
must not be underestimated. We believe that major changes are needed in the working methods of both organisations.

Throughout the report we give examples of how general regulations, imposed by Ofqual (or its predecessor bodies) have 
damaged our mathematics provision. We believe that a new system in which the examination boards act collectively, under the 
supervision of a Mathematics Steering Committee, could provide more robust regulation, at lower cost, and could foster the 
development of higher quality syllabuses.

The cumulative effect of changes to the Ofsted Framework has caused a decline in the rigour of inspecting and reporting 
mathematics in schools. We welcome moves to introduce a new inspection framework for Ofsted in which there is detailed 
inspection of mathematics teaching.
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A subject of critical importance

Mathematics underpins the global economy at every level. To participate as a nation, it is essential that ALL our 
young people receive a world-class mathematics education appropriate to their aptitude. 

At present, some young people in England receive an excellent mathematics education from top-class teachers but 
for many others this is far from the case. Action is needed at every stage in this cycle.

Companies are unable to recruit people with the mathematical skills they need to compete in the 
global market place and will move their operations to countries where those skills are available. 

The health of our economy depends on our taking action now.

The situation is 
made much worse 

by misguided central 
management

By age 16 many young 
people fear and have little 

understanding of mathematics

Many children underperform 
in secondary schools where 

there is a shortage of specialist 
mathematics teachers

Children’s mathematics is  
often below standard when 

they move to secondary school

Too few people  
leave university with the 

knowledge of mathematics 
required for the next 

generation of teachers

Many primary school  
teachers  lack confidence and 

need more understanding  
of mathematics

Few students do any 
mathematics in post-16 

education

Most university courses in 
most subjects are unable to 
fill their places with students  
with sufficient knowledge of 

appropriate mathematics

Most young people at  
age 18 do not have enough 

mathematics for the next 
phase of their lives

The mathematics education circle
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Recommendations

1.1

1.2

Mathematics should be declared a subject of critical importance. Mathematics should be exempted from 
general regulations when they are incompatible with the best possible mathematics provision for our 
young people. 

Mathematics has different requirements from other subjects. A wide community, including employers, 
should be empowered to take more ownership of all aspects of the mathematics curriculum.

Section 1: Mathematics: a subject of critical importance

The micro-management which has been occurring at local, regional and national level results in barriers 
to good teaching and learning of mathematics. New styles of management are needed.

Much greater attention should be paid to the needs of the large number of students who currently learn 
very little useful mathematics. 

Major innovation is needed to develop a provision that meets the diverse needs of all our students and 
not just the most talented. Current barriers to such innovation need to be identified and removed.

Accountability is an integral part of all professional activity but the methods currently in use are restricting 
the quality of mathematics in our schools and colleges. Different approaches are urgently needed.

2.1

2.2

2.3

2.4

Section 2: Overarching themes

The attainment of students in top performing countries presents a target that we should aspire to reach. 
However, lessons from international comparisons must be applied in the context of this country.

3

Section 3: International comparisons

Urgent steps should be taken to improve the mathematics background of teachers in primary schools.

Primary teachers should continue to provide a daily mathematics lesson and find appropriate 
opportunities for using mathematics at other times of the day.

The National Curriculum for mathematics should be expressed as end of primary school outcomes which 
do not predetermine teaching methods or chronology.

Each school should have the responsibility for adopting or creating its own mathematics programme.

Pupils’ learning must be reported to parents in relation to the school’s curriculum and their progress 
towards the statutory outcomes for the end of primary schooling.

4.1

4.2

4.3

4.4

4.5

Section 4: Primary education
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The current end of Key Stage 2 National Test (SAT) has outlived its usefulness. The remit of a review 
should include transition arrangements from Year 6 to Year 7.

A new approach is required for providing information about incoming Year 7 students to secondary 
schools. The almost universal practice of re-testing is clear evidence of lack of confidence in the 
present Key Stage 2 National Test.

Recruitment and retention of secondary mathematics teachers should remain an ongoing priority with 
particular attention given to initial teacher training. The lack of suitably qualified mathematics teachers 
impacts particularly badly on lower attaining children at Key Stage 3.

4.6

5.1

5.2

Section 5: Key Stage 3

The present system for GCSE Mathematics, based on a single award, is not fit for purpose and should 
be replaced by one offering two GCSEs as soon as possible.

The design of a new system for GCSE Mathematics should not be constrained by the present framework.

Full support should be given to the twin GCSEs during their pilot phase.

The twin GCSEs should be seen as the first step towards a national provision that will meet the needs of 
all students, and should be led, managed and developed accordingly.

The growing practice of entering students early to obtain a mere passing grade in order to improve the 
school’s league table position should be strongly discouraged.

To bring this country into line with the rest of the world, mathematics, in some form, should be made 
compulsory to the age of 18. The implementation of this recommendation is a matter of urgency.

A route-map is needed for introducing mathematics for everyone post-16.

When designing new post-16 courses, existing provision should be considered carefully and where 
appropriate built upon.

6.1

6.2

6.3

6.4

6.5

7.1

7.2

7.3

No changes should be made to the present AS and A levels in Mathematics and Further Mathematics 
in the short term. The next revision should be based upon a deep understanding of our national 
requirements.

Further Mathematics has been conspicuously successful in recent years; this should be seen as work in 
progress with significantly more still to be done. There should be an analysis of the transferability of the 
methodology developed by the Further Mathematics Support Programme.

A variety of types of A level syllabus should be allowed and encouraged, including both modular and 
linear. A review is needed to ensure that the design features of good modular syllabuses at this level are 
better understood by those responsible for writing and approving them. The grading and aggregation 
system used for mathematics (and other STEM subjects) needs to be reviewed in order to ensure 
comparability between subjects. An extra paper should be introduced for the award of the A* grade.

8.1

8.2

8.3

Section 6: Key Stage 4

Section 7: Mathematics to the age of 18

Section 8: AS and A levels
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In the short term, the minimum mathematics requirement for those entering primary school initial teacher 
training should normally be a grade B in GCSE Mathematics. 

There should be a review of mathematics in primary ITT courses, with a view both to improving present 
provision and also to establishing good practice for the future when trainees will arrive with a stronger 
and more recent background in mathematics.

A number of strategies for increasing the supply of secondary mathematics teachers should be pursued; 
these include schemes to increase the supply of well-qualified mathematics graduates, teachers of other 
subjects and employees from other sectors of the workforce. Current successful programmes, like those 
encouraging strong undergraduates to consider teaching, should be fostered.

The status of being a secondary Specialist Mathematics Teacher should be better defined and related to 
the level at which mathematics is being taught. CPD should be an entitlement of mathematics teachers 
and so funding for it should be ring-fenced.

Modes of CPD delivery should be reviewed to increase opportunity and uptake for teachers at all levels.

Universities should be able to accept all suitably qualified students for mathematics degree courses and 
training to become mathematics teachers.

University departments offering degrees in STEM subjects should consider increasing the level of 
mathematics in their offers and in the advice they provide to applicants.

As a matter of urgency, steps should be taken to ensure that all those entering degree courses that involve 
mathematics (including statistics) are provided with suitable mathematics qualifications beyond GCSE. 
The costs, financial and human, hidden in the present inadequate provision need to be understood.

The examination boards should be required to offer a number of syllabuses designed by responsible 
external bodies and consortia.

As a subject of critical importance, mathematics qualifications should be exempt from general 
regulations; they should be accredited on the basis of national needs.

The examination boards should be accountable to a Mathematics Steering Committee drawn from 
stakeholders including the mathematics subject community, employers, higher and further education and 
the government.

The new Ofsted Framework must ensure that the quality of mathematics education is inspected and 
reported fully in all primary and secondary schools. Each inspection team must contain at least one 
inspector who is qualified to inspect mathematics.

9.1

9.2

9.3

9.4

9.5

10.1

10.2

10.3

11.1

11.2

11.3

11.4

Section 9: Teachers

Section 10: Higher education

Section 11: Government agencies
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Mathematics: a subject of critical importance

1

The title of this report is ‘A world-class mathematics education for all our young people’. 

The term ‘world-class’ carries two aspirations fundamental to the provision of mathematics in our schools and colleges.

Employers will be able to recruit people with the mathematical skills that will allow them to compete successfully in the 
global economy.

Universities will be able to design and run courses in all subjects which match international standards and will not be 
prevented from doing so by the low level of mathematics among their undergraduate intake.

The word ‘all’ means that we are looking at students across the full range of mathematical potential. At the one extreme are those young 
people for whom mathematics is about the most basic of life skills, like telling the time and counting the money in their pockets. At the other 
end of the spectrum there are those who will go on to create and work with some of the most sophisticated ideas known to mankind.

The diagram below illustrates the approximate proportions of students reaching different levels of mathematics by the time they leave 
school or college. It also shows the 1% (approx) of the whole cohort who will go on to read mathematics at university. Most of those 
taking A level, and many who do not, will also do some serious mathematics in STEM and non-STEM university degree courses. 

Mathematics should be declared a subject of critical 
importance. Mathematics should be exempted from general 
regulations when they are incompatible with the best possible 
mathematics provision for our young people. 

Students’ level of mathematics at age 181.1

About 1% of the cohort go on to 
read mathematics at university

Approximately 85% of each cohort
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The implications of the change in employment patterns for mathematics are profound. The new jobs require, as a minimum, an 
ability and willingness to engage with figures and to be confident in doing so; many require much more mathematics than that. 
This changing trend in the pattern of employment underlies the increasing concern expressed by employers that those coming 
out of the education system do not have the mathematical skills needed in the workplace. As a nation we will not be successful in 
today’s globalised marketplace if our population does not have the skills that employers need. 

Changes in global employment patterns1.2

Fewer jobs

Elementary occupations

Skilled trades

Administrative and clerical

Transport and machines

Fewer jobs More jobs

Managers

Associate professionals

Professionals

Sales occupations

Personal services

This graph covers the period from 
1982, when the total UK workforce 
was 25.4 million, to 2012, when it is 
projected to be 30.6 million.

The striking feature of this graph 
is the reversal in the jobs with the 
most employees. All of the top four 
categories (in terms of employee 
numbers) in 1982 are in decline and 
being replaced by management and 
professional occupations. 

We need a provision which addresses the needs of young people at every point of this spectrum and which does not sacrifice some for the 
sake of others. School mathematics has a number of stakeholders including teachers and end-users. The profile of attainment raises the 
question of what would be the most effective balance of ownership among them. 

By far the majority of people lie between the two extremes of needing mathematics to acquire survival-level life skills and becoming 
professional mathematicians. As well as providing them with personal and financial skills, mathematics is something they will use in 
employment to a much greater extent than was the case even a few years ago. The graph below illustrates the trends in a changing 
employment environment. 

Extract from the CBI report 
Working on the three Rs: Employers’ priorities for functional skills in maths and English1.3 

The conclusion that emerges is of more people needing maths skills and of the level of those skills tending to increase.
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It is sometimes said that computers make mathematics unnecessary. Nothing could be further from the truth. The growth in the use of 
computers means that, on a day-to-day basis, mathematics is applied to many more aspects of our lives and that, as a result, we are all 
exposed to much more data; increasingly we need a level of mathematical and statistical expertise to make sense of it all. 

Many branches of industry and commerce require the use of specialised mathematical techniques; for example, particular forms of 
statistical process control where bespoke software is often involved. Companies expect to give training in such techniques but this 
requires their employees to be competent in basic mathematics such as percentages, ratio, proportion and the use of formulae. These 
topics are all taught at school but the complaint is made that young people are not confident in using them, particularly in unfamiliar 
situations. This same background knowledge is also important for young people to carry out everyday calculations at work; to 
understand their own finances, including mortgages, pensions and credit cards; and to interpret mathematical information they receive 
from the media.

In higher education, most subjects have become increasingly mathematical, in many cases due to an increased emphasis on the use of 
statistics. Consequently, by far the majority of university students studying subjects as diverse as engineering and psychology, require some 
level of mathematics if they are to benefit from their chosen courses. We need a provision that provides young people with the background 
in mathematics they will need for these subjects, otherwise our universities will be unable to offer degrees of international standing.

Finally in this opening section, we come to the small but incredibly important sector of the population who go on to read mathematics at 
university, where they will learn how to work with immensely powerful concepts. University mathematics is a major source of the ideas that will 
translate into the innovation upon which the next generation will depend. Security systems, mobile phones, Google and computers all started 
from pure, abstract, mathematical ideas and there is no limit to what mathematically trained young people might achieve in the future. Of 
course, many of the next generation of mathematics teachers will also come from those currently reading mathematics at our universities. 

Mathematics is thus much more than just another subject. In today’s world, it is an essential key to unlock people’s potential. The more 
mathematics people know, the greater the opportunities that are available to them. This is true not just for individuals but for the nation 
as a whole. 

In summary, everyone, regardless of ability, stands to benefit from learning mathematics and to gain immeasurably in their lives from doing 
so, whatever their future careers. 

Education is a predictor of economic growth

Better educational outcomes are a strong predictor for future economic growth. While national income and educational 
achievement are still related… two countries with similar levels of prosperity can produce very different results. This 
shows that an image of a world divided neatly into rich and well-educated countries and poor and badly-educated 
countries is now out of date1.4.

Angel Gurría, OECD Secretary-General

As a country, we cannot afford to be left behind by under-investing in mathematics. However, this task force has found shortcomings at every 
point in the cycle that takes children from mathematics in primary school, through secondary and on to university, and then returns some of them 
to the education system as teachers of mathematics.

For all of these reasons, we recommend that mathematics should be declared a subject of critical importance. 

In this report we recommend significant changes in the provision of mathematics for our young people. Well-thought-out, detailed 
design work will be needed if our recommendations are to fulfil their potential. It is essential that this process is not constrained 
by existing general regulations applying to all subjects, otherwise the same problems are likely to surface again. 

As a subject of critical importance, mathematics should be exempted from general regulations when they stand in the way of the 
best possible provision in our schools and colleges.
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There is widespread concern among employers at the lack of mathematical competence of those leaving the education system and 
entering the workplace. We encountered very considerable frustration among stakeholders in school mathematics: employers, university 
mathematics departments, other university departments, senior managers, teachers and parents. 

Major decisions about mathematics are too often made by people who understand neither the needs of the subject nor of those who use it. 
There is a stark lack of mathematics expertise in the government departments and agencies responsible for school mathematics (see Section 11). In 
the absence of specialist knowledge, those working in these organisations often fall back on the same general regulations and control procedures for 
all subjects, without understanding the special requirements of mathematics.

A wide community, including employers, should be empowered to take more ownership of all aspects of the mathematics 
curriculum. Without their input, we fear that its aims may not be aligned with national needs.

Mathematics is embedded in most other subjects, and fundamentally in everyday life.
There is an extreme variability in people’s aptitude for, and attainment in, mathematics; this has been estimated at ten years of learning by 
the age of 161.5. 
The way in which mathematics is assessed. A typical question has to be targeted at a narrow band of students; for others it is either 
too easy or impossibly difficult. The test is whether someone can do it. By contrast, questions in most other subjects can be answered 
by a wide range of people; the test is how well they can answer them.

1.1
1.2
1.3
1.4
1.5

Notes and references

Data from Department for Education, Joint Council for Qualifications and UCAS. Allowance has been made for re-sits.
Data from C Humphries (2006) Skills in a Global Economy, City and Guilds
CBI (2006) Working on the Three Rs: Employers’ Priorities for Functional Skills in Maths and English
OECD (2011) Education: Korea and Finland top OECD’s latest PISA survey of education performance
Brown, M (1986) Developing a model to describe the progress of secondary school students: findings of the Graduated 
Assessment in Mathematics project, Proceedings of the Tenth International Conference on Mathematics Education

Mathematics has different requirements from other 
subjects. A wide community, including employers, should 
be empowered to take more ownership of all aspects of 
the mathematics curriculum.

There are many ways in which mathematics differs from other subjects but three are particularly relevant to this report. 

The changing workplace

Shirley Coleman is Technical Director of the Industrial Statistics Research Unit at 
Newcastle University. Talking to professional staff at a high-tech manufacturing 
company, she recognised the lack of familiarity with the statistics they needed at work. 
Shirley set up a series of one-day practical statistics courses aimed at middle managers, 
planners, trainers and clerical staff. Some staff approached the training with trepidation 
as they were being introduced to the new kinds of mathematics but they showed strong 
motivation and responded gratefully. The people quoted below work at Sunderland City 
Council, the Care Quality Commission and the Learning and Skills Council.

Shirley says: ‘Well taught, numerical and statistical skills training should be available much more widely as part of the post-16 
curriculum. People feel much more in control and able to contribute fully in the modern data-rich society.’ 

‘Excellent course as an introduction to a world we are getting dragged into.’
‘I have come away feeling much more confident about how to approach data analysis.’
‘Very useful, made using statistics – something I’ve always found daunting – 
understandable and accessible and will be able to use them more effectively at work.’
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The micro-management which has been occurring at 
local, regional and national level results in barriers to 
good teaching and learning of mathematics. New styles 
of management are needed.

Throughout the system, we found a number of recurrent management problems. Many of these problems stem from attempts to 
achieve an excessive level of control. The importance of good governance cannot be overstated, but many of the mechanisms currently 
being used in attempts to bring this about are self-defeating and have exactly the opposite effects to those intended2.1.

One aspect of this involves replacing professional judgement with sets of boxes to be ticked, providing criteria against which people and 
institutions can be judged and, in many cases, targets can be set. Too often the big picture of what education is all about is being lost; it is 
much more than the sum of its parts. What is being demanded is a proxy for the real thing.

Micro-management: Paperwork in primary schools

the School Improvement Partner (SIP)

The SIPs themselves then gave the data again, in the form of an official report, to the Governors and the Local Authority.

In essence, the very same data were reproduced no less than six times, and for no real purpose. Indeed, most often secondary 
schools disregard the data provided by the primary schools and choose to make their incoming pupils sit the CAT (Cognitive Abilities 
Test) or MidYIS (Middle Years Information System) very early on, even during the transition period itself in some cases.

‘This is just one among many examples of how our time is being wasted. Schools are micro-managed in endless requests 
for action plans on ‘community cohesion’, ‘healthy lifestyles’, ‘inclusive practice’ and ‘travel plans’. Whilst many of these 
paper documents provide impressive ‘letter heads’ and tick the boxes, do they genuinely help shape our children for the 
world in which they are learning to live?’

Primary School Head Teacher

the Governors the Local Authority the secondary schools.

Many of the management procedures which have been imposed on schools and teachers limit their freedom to bring their full professional 
ability to their roles. At its best, teaching is an immensely intellectual, creative and rewarding activity, helping young people to develop their 
potential as human beings. However, the reality for too many of today’s teachers is, instead, facing relentless pressure to meet externally set 
targets that will not necessarily benefit their pupils in the long term. Similarly schools are being judged on short-term outcomes which may 
be in conflict with their pupils’ long-term interests2.2.

The task force, therefore, welcomes the recent Schools White Paper: The Importance of Teaching and its ‘ambition to reduce unnecessary 
prescription, bureaucracy and central control throughout our education system’ and take a ‘new approach’ to the curriculum. ‘At over 200 
pages, the guidance on the National Curriculum is weighing teachers down and squeezing out room for innovation, creativity, deep learning 
and intellectual exploration’2.3.

Until recently, when pupils made the transition to secondary school, their primary school was required to produce information covering, among 
other things, each child’s level in Literacy and Numeracy. The primary school then had to give the same data separately to the following:

Overarching themes

2
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Much greater attention should be paid to the needs 
of the large number of students who currently learn 
very little useful mathematics.

In June 2010, over 300,000 students (almost half of the cohort) who took GCSE Mathematics came out with a grade below C. These 
students have been taught mathematics for at least 11 years but have not learnt enough to pass what is a simple examination. Worse 
still, after all the time and effort involved, many of them have learnt little, if any, mathematics that will be useful to them. Instead, they are 
frightened of the subject (see Sections 6 and 7).

There is a popular belief that many of those who do not do well at mathematics are girls. The facts show that this is a myth. (See 
the next page.) However, at the age of 16 more girls choose A level subjects that do not include mathematics, even though they are equally 
capable. (Our recommendations in Section 7 will help to correct this imbalance.)

Communication to the task force

‘Policy initiatives that focus on the potentially highest-achieving students, to provide enrichment and extension, 
are important but the sleeping giant is the significant number of students who are deemed to “fail” by not achieving 
grade C. These students may have spent years consigned to classes with the lower expectations that arise from 
limited grade predictions, possibly with less knowledgeable and well-qualified teachers. This group includes the core 
of future technicians, skilled workers and creative artisans. If they do eventually achieve grade C it may be by a 
desperate rote-learning scramble that shows bare understanding.’

Professor Anne Watson, University of Oxford2.4

This is an incredible waste of national resources: financial, in the cost of teaching these students mathematics for so many years, and 
human in the wasted potential of a large section of the population. We live in a time when all people’s mathematical needs are increasing, 
whether at work or in their personal lives, where they require a much higher level of financial understanding than was the case for their 
parents or their grandparents. Sadly, there are those who see it as inevitable that large numbers of young people should be left behind in 
mathematics, as just the way things are. This attitude is not confined to GCSE. It can be found throughout our mathematics education.

Our current system does not recognise the entitlement of all students to achieve success at their own level, having the satisfaction of 
getting most of their work right, or the benefits that follow from it in terms of increased confidence and motivation. Nor does our curriculum 
adequately recognise divergence in what mathematics is relevant to students as they go through secondary school. Too much of the 
curriculum experienced by students who are currently low attainers is a trickled down version of the requirements of the top 15%, those who 
will go on to study STEM subjects at university.

The situation is exacerbated by the fact that we live in a country with a culturally poor attitude towards mathematics. Too often, words like 
‘nerdy’, ‘pointless’ and ‘boring’ are associated with mathematics in the media; contrast this with a discussion about literature and you will not 
find these words used. This creates an atmosphere in which it is all too easy for young people to disengage from mathematics, and thereby 
to curtail the opportunities that will be open to them throughout their lives.

Mathematics and social mobility2.5

In a famous experiment, Professor Jo Boaler studied matched groups of students in two schools. In one school the teachers 
taught using a traditional approach. In the other project school, they used the methods for which Jo is now well known (see 
Section 5). All the students at the project school were told that they could do well and spent much of their time working on 
extended tasks in mixed achievement groups. At the end of three years, in these different approaches the students in the project 
school performed at significantly higher levels on the national examination. 

Eight years later, Jo was given an unusual opportunity to find the students who had attended the two schools. They were now 
adults of about 24 years of age. An analysis of the jobs they ended up in showed that, in contrast to those who had attended 
the traditional school, those from the project school had moved significantly up the social scale. This upward social mobility was 
related to the high expectations of their school and to the fact they had learned how to solve mathematical problems, which they 
used in their jobs and lives. Adults from the traditional school lamented the fact that their mathematics in school had been so 
removed from that of the world; they felt let down and angry about the teaching they had received.
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Do boys or girls do better at mathematics?2.6

People sometimes ask whether boys or girls do better at mathematics in this country. The short answer is that during 
the years of compulsory schooling, up to the age of 16, there is very little difference.

They took the Key Stage 2 National Test (SAT) in 2003. 
In that year, 73% of boys achieved Level 4 or better 
whereas the figure for girls was 72%. So the boys did 
slightly better. However, at level 5 the boys (32%) did 
much better than the girls (26%).

The equivalent figures for 2010 are 80.3% for boys and 
80.1% for girls.

In 2006, these students took the Key Stage 3 SAT. At 
Level 5, the girls had now taken a small lead with figures 
of 76% for boys and 77% for girls. However, if Level 6 
was taken as the benchmark there was no difference with 
57% for both boys and girls.

They took GCSE in 2008. In that year 58.5% of boys 
obtained grade C or better and this was less than the 
59.9% figure for girls. The girls out-performed the boys at 
all the top grades, A*, A and B, reversing the situation five 
years previously when significantly more boys achieved 
Level 5 at Key Stage 2.

The last Key Stage 3 SAT took place in 2008 when the 
Level 5 figures were the same as those for 2006. That year 
58% of boys achieved Level 6 or better, and 56% of girls. 
There are no comparable figures for more recent years.

In the next two years there have been quite substantial 
increases, bringing boys to 64.6% and girls to 65.0%. 
These are DfE figures and refer only to those in this 
cohort; they are significantly different from those 
published by the JCQ which cover all those taking 
GCSE and so include re-sits.

The ratio of girls to boys among those doing A level 
Mathematics has been fairly stable in recent years at 
around 40:60. The proportion of girls taking Further 
Mathematics is lower, currently standing at 32%, but this 
figure has been rising in recent years.

FemaleMale

Many of them completed A levels in the summer of 2010. 
Fewer girls (40.4% of those taking A level Mathematics) 
than boys (59.6%) chose to do mathematics. However 
those that did were more successful at all grades except 
A*. For example, 67.7% of girls obtained A*, A or B, 
compared to 64.9% of boys. One possible explanation 
is that it tends to be the more talented girls who choose 
to do mathematics whereas less strong boys would still 
choose to take the subject.

Some of this age cohort are now reading mathematics at 
university. The proportions of those doing so are almost 
exactly the same as for those taking A level; currently 
41% of undergraduates are female and 59% male.

Most university subjects show quite a strong gender imbalance, 
either to male or female, and mathematics is one of those 
closest to equal numbers of each.

We examine the student cohort who are now aged 19 
below; many of them are in their first year at university.

The figures below refer to the results for boys and girls in 2010 
(where available).
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Major innovation is needed to develop a provision 
that meets the diverse needs of all our students and 
not just the most talented. Current barriers to such 
innovation need to be identified and removed.

In this report we highlight ways in which the system is failing large numbers of young people. These will not be put right by small adjustments. 
Fresh thinking is required to produce solutions. Some of them are likely to be innovative and to involve working outside current parameters. 

In this country we have a long tradition of successful innovation in curriculum and pedagogy, particularly in mathematics, science and 
technology. This has come almost entirely from the grass roots, from individual teachers, small groups or charitable organisations, and has often 
been done on a shoestring. By contrast, many large government initiatives have not been particularly successful but have cost a lot of money. 

Overcoming disadvantage

When her daughter, Charlotte, was born with Down syndrome, Vikki Horner was set on a path that would make her both a 
researcher and a campaigner. By the age of 12, Charlotte was unable to tell the time or use money and her school held out no 
prospect of her acquiring these basic life skills. Out of necessity, Vikki designed and developed the Charlotte Clock, a piece of 
equipment that enabled her daughter to master both digital and analogue formats; since then it has brought success to other 
children, learning both in school and at home2.7.

Vikki then travelled to New York to attend a week-long training 
course with the Stern Institute and on her return edited 
and published the UK version of the Stern Structural Maths 
teacher’s manuals, found a manufacturer for the apparatus and 
then began to trial it in various settings. This system enabled 
Charlotte not only to work with money but to go on to achieve 
an entry level GCSE pass for mathematics. Since then Vikki’s 
visual and concrete approach has made a real difference to the 
lives of many children and their parents. However, Vikki often 
feels that she is a lone voice battling against a system that is all 
too quick to write children off.

‘I continue to be amazed at how this programme helps 
children to learn. What deeply disturbs me is the lack of 
interest from many maths and SEN officials, the very people 
who are ultimately responsible for our children’s learning. 
We have to ask ourselves if we are robbing these children 
of critical years of potential learning. I believe we are.’

We are concerned that, at a time when it is desperately needed, it is increasingly difficult for such innovative work to get started or to receive 
recognition when it does. In today’s controlled and micro-managed environment, teachers require courage to try out their own new ideas in 
the classroom; at secondary level, the amount and style of regulation makes it almost impossible for groups of people to develop their own 
distinctive examination syllabuses, as often happened in the past (see Section 11).

What we do well: A view from overseas

Tony Jones is is based in Australia and his work brings him into regular discussions with those responsible for mathematics education 
in most of the world’s major countries. He says:

‘Every country watches carefully to see what other countries are doing in mathematics. The UK has had a reputation for 
creativity, not least in the use of IT. Many teachers have made large strides in creating exciting and interactive ways to 
bring mathematics concepts to life using this technology. I see a great opportunity for this key strength to be included in 
the UK’s vision and planning.’
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Until recently Vinay Kathotia coordinated the Royal Institution (RI) national programme of 
mathematics masterclasses, an example of innovative teaching. Vinay says: 

‘Masterclasses invite young people to explore and share the creativity and 
excitement, the power and beauty of mathematics. Working with inspiring 
mathematicians, they engage with the wider mathematical landscape via 
problems, investigations, applications and proofs.’

The RI programme covers ages 9 to 19. A teacher describes a Royal Institution 
mathematics masterclass:

‘Some kids expected it to be helping them with their SATs. That’s not what it is 
for, it gets them to think outside of testing, to see how maths influences things 
in the world. Last time I came there was a session on frets on the guitar and 
their relationship with maths in that sense. So it just gives them another way 
of looking at maths. It’s not “just sit down, do a test, add this up”, it’s how it is 
actually used in the world.’

Royal Institution Mathematics Masterclass

Vinay is now Project Head for 
Mathematics at the Nuffield Foundation.

It is important to develop routes through which innovation in education can be channelled.

Meanwhile, we fear that in the present climate many of our most creative teachers will leave the profession in frustration2.10 and that our 
mathematics provision is becoming impoverished. Many of today’s GCSE and A level teaching materials, with excessive emphasis on 
routine examination questions, do not compare well with those of thirty years ago2.11. 

Innovation in ICT

As a classroom teacher in the early 80s Douglas Butler and 
a colleague created a set of programs for BBC computers 
to help other mathematics teachers teach in a more visual 
manner. Step by step, he then developed Autograph2.8, which 
is now a leading package for school mathematics and used 
throughout the world.

Douglas’s school was very supportive of his work, and still 
benefits from being associated with it. Oundle School is now the 
venue for Douglas’s annual three-day Technology for Secondary 
Mathematics2.9 training workshop which regularly attracts 
teachers from all over the world.

Douglas says: 

‘Mathematics has, in many ways, more to gain from the use of ICT than many subjects but the range of possibilities 
makes it a tough challenge for already busy teachers to get to grips with. Autograph was created with such people and 
their teaching very much in mind but there is still a great need for training. Teachers need to be encouraged to take 
time away from the classroom to attend CPD events that will make their teaching of mathematics more effective, more 
efficient and certainly more fun!’

Douglas is seen here using Autograph in a school in Indonesia.
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Accountability is an integral part of all professional 
activity but the methods currently in use are restricting 
the quality of mathematics in our schools and colleges. 
Different approaches are urgently needed.

Perhaps the most consistent, and the most strongly felt, message that has come to us from teachers and others in the world of 
mathematics education is that performance (league) tables are damaging our young people’s education. There are many ways in 
which this is happening, all of them consequent upon the pressure on schools to maximise test and examination results. 

A recommendation from the Royal Society2.12

In both primary and secondary classrooms, excessive time is being spent on test and examination preparation and teaching is often limited 
to the particular questions that are likely to come up, at the expense of a broader and more integrated approach to the subject2.13. This often 
leaves pupils and students able to answer examination questions but without the functionality that they will need if they are to put the subject 
to use in employment or in other areas of study.

At school policy level, some secondary schools are now choosing to concentrate their resources on students at those thresholds that are 
critical for the targets against which performance will be reported, for example grade C at GCSE2.14 (see Section 6); this is at the expense of 
the attention given to able students, those likely to go on to A level, and to those at the other end of the spectrum who are seen as certain to 
fail. Another policy that is being driven by performance tables is the increasing tendency to enter students for GCSE before they are ready.

Performance tables are also influencing the curriculum presented to students at GCSE and A level, where there is a choice of syllabuses. 
Many schools shop around for the easiest rather than looking for the one that will best prepare students for their future development. This, in 
turn, puts pressure on the awarding bodies to lower the demand in their papers (see Section 11).

Performance tables create a conflict of interests between schools and students. They require schools to maximise the number of students 
getting particular grades rather than to concentrate on their long-term mathematical development.

We are not opposed to testing or to schools being held accountable but they should be entirely separate activities. We are 
convinced that the standard of mathematics in this country is being held down by their current association. 

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

3

Mathematics is universally recognised as an important subject in school curricula both for personal development and because of its economic 
significance. It is tempting, but over-simplistic, to identify aspects of mathematical teaching in countries with high attainment and introduce them 
to schools in England. Considerable caution is needed when interpreting and acting on international comparisons, especially with regard to 
cultural differences.

Some international studies treat the United Kingdom as a whole, others as separate countries. In this report we use both, according  
to the available data. When comparing our mathematics education with that in other countries, it is important to be clear about the age 
groups concerned. The distinction between pre- and post-16 corresponds to compulsory and non-compulsory education in England. 
Multinational studies on student performance during compulsory education take place at regular intervals. 

We will look at three comparisons, Programme for International Student Assessment (PISA), the Trends in Mathematics and Science Study 
(TIMSS) and International Mathematical Olympiad (IMO).

PISA

PISA is organised by the Organisation for Economic Cooperation and Development (OECD) and measures the performance of a sample of 
15-year-olds in mathematics, science and reading. Tests have been carried out every three years since 2000. (The UK did not take part in 
2003.) The original participants were the OECD countries but others, in increasing numbers, have since joined in. Consequently, care needs 
to be taken when comparing league table positions from one test to the next. In the table below the overall score for the UK is compared 
with the mean average score for the OECD countries.

The PISA survey for 2009, was based on two-hour tests of mathematics, for a half million students in more than 70 economies.

The attainment of students in top performing countries 
presents a target that we should aspire to reach. However, 
lessons from international comparisons must be applied in 
the context of this country.

 PISA mathematics results3.1

Year

OECD mean

UK

2009

496

492

2006

498

495

2003

500

_

2000

500

529

The detailed recommendations motivated by this section appear elsewhere in the report.

In 2009, including non-OECD members, there were 65 entrants for the test and the UK was 28th overall and so among a middle-ranking 
band of countries. The UK’s score of 492 was considerably less than those of the small group of highest-performing countries, mostly from 
the Pacific Rim but also including Finland; the highest score in 2009 was 600 from Shanghai. 

The results show that over 10 years the UK has dropped considerably compared to the mean average result. This must be a cause for 
enormous concern.
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Example of a PISA mathematics question3.2

M124: Walking

n = number of steps per minute, and
P = pacelength in metres.

Question 1: WALKING

If the formula applies to Heiko’s walking and Heiko takes 70 steps per minute, what is 
Heiko’s pacelength? Show your work.

M 124Q01- 0 1 2 9 

The picture shows the footprints of a man walking. The pacelength P is the distance 
between the rear of two consecutive footprints.

For men, the formula,     = 140, gives an approximate relationship between n and P
where,

 n

P

Many of the questions for PISA mathematics tests are designed to measure students’ ability to apply their mathematics to real-world contexts.

TIMSS

TIMSS, is conducted every four years on children aged 10 and 14. TIMSS was developed by the International Association for the 
Evaluation of Educational Achievement (IEA) and the first tests took place in 1995. Since then, TIMSS tests have been conducted every 
four years with the most recent in 2007. By contrast to PISA, TIMSS questions tend to be focused more on traditional content. There are 
currently fewer participating countries than for PISA, with 48 taking part in 2007. England is usually towards the top of a middle-ranking 
band of countries 3.3, 3.4, 3.5, 3.6.

The results of the PISA and TIMSS studies often create media headlines and raise questions as to why England is not at the top of the 
league. The limitations of such studies need to be understood. Quite a small change in a country’s score, well within the sampling error, can 
result in a relatively large movement in its position in the league. However, sampling error does not explain the drop in the UK PISA score 
from 2000 to 2009.

There are no international tests (like PISA and TIMSS) for post-16 students.

In 2011, the 6 UK team members were awarded 2 gold, 1 silver, and 3 bronze medals and an Honourable Mention; they were placed 17th out 
of the 101 participating countries.

The best performances from the UK team since 1980 have been third out of 27 in 1981, fifth out of 56 in 1992 and fifth out of 75 in 1996.
Five countries which have performed consistently well over the years are China, Japan, Korea, Russia and the United States3.8.

The very brightest students take part in the IMO. In contrast to the 
random samples taking part in PISA and TIMMS, students have 
been highly trained. There is no lower age limit on participation but 
most of the participants are over 16. Countries enter teams of six 
into this annual competition. Rankings of the UK team from 2005 to 
2010 are given in the table.

The IMO

Year

Entrants

UK position

2005

91

13

2006

90

19

2007

93

28

2008

97

23

2009

104

19

2010

96

25

UK positions in IMO competitions3.7
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The British Olympiad Team

Our students really enjoy the team mathematics challenge – they surprise themselves with their performance and always come 
away invigorated and more determined in lessons. We also value the individual maths challenges – they give great questions for 
general teaching use and often favour students who don’t stand out in our usual lessons and tests. I love the buzz that the maths 
challenges give to a group – how they are really keen to know how to solve problems and are often far more interested in the 
questions than their results. 

Peter Hall, teacher at Imberhorne School (11–18 comprehensive)

The UK Mathematics Trust (UKMT) trains the UK team of six for the 
international Olympiad. In 2010 over 600,000 students from 4000 
schools took part in the UKMT’s three individual challenges. The 
UKMT also runs team challenges, mentoring schemes and summer 
schools for high-performing students, publishes books and organises 
enrichment seminars for teachers. They aim to encourage students 
to think mathematically rather than simply learn by rote.

The UKMT understand that mathematics is, above all, a creative 
discipline. This central notion of creativity, in what to many 
seems the driest of subjects, is a telling indicator of the highly 
limited scope of school mathematics.

Aled Walker, 2010 UK IMO team member

I am a student in Year 10. I don’t like school maths very much 
but I really enjoy the Olympiad competitions. The Olympiads 
have completely changed my attitude to maths and through the 
Olympiads I have now found something that I really enjoy doing 
and want to do after school is over.

Elizabeth

The UKMT were really great for me. They enabled me to study topics exterior to the A level syllabus and treated everyone as very capable 
mathematicians, imbuing us with confidence to attempt problems we would have else been content to ignore. 

Luke Betts, medal winner in two IMO competitions

(Both Aled Walker and Luke Betts are now reading mathematics at Cambridge University.)

It has been a great help discovering you exist. We and the school 
were scratching our heads as to how to stretch and retain the 
interest of a very bright young mathematician.

Sue Freeland, mother of one of the squad  
competing for a place in the 2011 IMO team

Although the number of UK team members participating in the IMO, six, is a very tiny proportion of the overall student population, they 
represent the top of a very large pyramid of people who benefit from it. Over half a million people take part in the various UK Mathematics 
Trust3.9 competitions, with about 100 taking part in the British Mathematical Olympiad3.10 from which the final IMO squad are selected. These 
events provide a mechanism to give students real mathematical challenge outside the actual curriculum. They should, therefore, be supported 
and promoted to those who could benefit from the opportunity to participate in them.
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One aspect of cultural differences between countries is the amount of time spent on mathematics out of school, on homework or receiving 
private tuition. Most countries allocate between 15% and 20% of their primary school teaching time to mathematics, and between 10% and 
15% in junior secondary school (to age 14) and England is within these ranges3.13, 3.14.

Within countries, including in the UK, there is another factor in the amount of help typically given to children by different groups of parents. 
An example of this occurs in Finland where the high level of performance can be partly attributed to parental help. It has been suggested 
that this is an aspect of ‘what is meant by the good society’3.15.

One lesson that we can definitely learn from the rest of the world is that our present provision post-16 is inadequate. It is 
incompatible with our continuing to be among the leading countries of the world, in either economic or academic terms. This issue is 
taken up again in Section 7 of this report. Of the relatively few students, about 15%, who take mathematics post-16 almost all do A level 
Mathematics: some also go on to A level Further Mathematics. 

Great care is needed when comparing the standard of mathematics attained by these students with that of their counterparts in other 
countries. Many countries do better than others in some aspects because they put greater emphasis on them. For example, in much of 
eastern Europe, the curriculum for this age group is largely, or wholly, restricted to pure mathematics whereas A level students in England take 
a balance of pure and applied mathematics. The experience of applied mathematics gained by A level students is achieved at the expense of 
a higher standard in pure mathematics. This balance in the A level curriculum dates back to when A levels began 60 years ago and is widely 
supported in this country; it is seen as providing a better mathematical education than a regime of just pure mathematics.

One thing we can do well in this country is to provide for and nurture the best mathematicians post-16. The work of the Further 
Mathematics Support Programme3.16 is described later in this report; it shows how it is possible to address the worldwide problem of how 
to allow the most talented to fulfil their potential (see Section 8).

We believe that it is possible for us to provide a world-class Mathematics education for all our young people, and compete with 
the very best.

Extract from Values and variables: Mathematics education in high-performing countries 
Importing policies3.12

Implicit goals arising from nations’ different socio-cultural-historical backgrounds have a powerful influence on pupil attainment. 
These implicit goals make ‘borrowing’ policies and practices problematic because adopting practices from elsewhere might mean 
adopting implicit goals that do not fit with England’s vision for society or individuals. For example, the Asian emphasis on effort, while 
a factor in high attainment, is also closely aligned with obedience and authority.

Nuffield Foundation

Lessons to be learned

A recent PISA report3.11 report provides a commentary on the resources, policies, practices and school systems that produce the highest-
attaining students but does not suggest any set of them that could be recommended as ‘the answer’ to achieving high attainment. It is clear 
that attempting to mimic a particular methodology is not the path to take. Rather, we should develop our own routes to success based on an 
understanding of what will work in England. 
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Primary education

4

Urgent steps should be taken to improve the mathematics 
background of teachers in primary schools.

The foundation of a good education is laid in primary schools and so a top-class mathematics provision at this level is critical. Without this 
many children are left trying to catch up and, in most cases, not succeeding in doing so throughout their secondary education.

In other words, children’s mathematics ‘career’ and its importance for other subjects, including sciences, IT, geography, and economics, 
is largely determined by the age of 11. This is clearly disturbing, but to achieve world class standards it is necessary to be even more 
ambitious in what is achieved overall in primary schools.

Probably the single most important factor in children’s success is their teacher. However, some of our primary school teachers have only a 
limited background in mathematics. In 2006, the percentage of those taking a primary PGCE with degrees in a science, technology, engineering 
or mathematics discipline was just 2%. In other words, of the approximate 9937 trainees, only 227 had a degree in a STEM subject4.2. 

Data for the A level Mathematics qualifications for those taking primary initial teacher training are not available. However, the vast majority 
will not have a mathematics qualification beyond GCSE.

So many are the products of a system that allows them to give up mathematics at the age of 16, often with a grade C at GCSE, do no 
mathematics through sixth form and university, and only a minimal amount during initial teacher training. The result is that six years after 
last doing any mathematics study, and that at quite an elementary level, they have full responsibility for the mathematics education of the 
children in their classes. In saying this, we are not criticising the teachers themselves but the system that places them in a position where 
they cannot be as effective as they would like, as their pupils deserve or as we, as a nation, require them to be in mathematics.

It is obviously essential for all students to continue mathematics post-16, as is normal practice in the rest of the world. (We return to this in 
Section 7 of this report.) However, even if this were put into effect today, it would take many years for these students to pass through the 
system into teacher training, and so other interim measures will also be needed.

A consequence of the lack of mathematics background is that many primary school teachers do not have the confidence to evaluate, and at 
times reject, resources, methods and advice, often from non-statutory bodies, commercial organisations and professional associations.

Extracts from Mathematics Performance in Primary Schools: Getting The Best Results4.1

The strong link between achieving a good level of performance in mathematics by the end of primary school and continuing success 
through secondary school is measurable. In 2007, of pupils who had not reached the expected standard by the end of primary 
school, only 10% went on to achieve at least grade C in GCSE mathematics at age 16. In contrast, 57% of pupils who had achieved 
the expected standard by the end of primary school, and 94% of those who achieved above the expected standard, achieved at
least a grade C.

Our analysis of pupils’ achievement shows a strong link between achieving early and continuing to succeed. Pupils who master 
mathematics in their early school years are in a good position to progress to further studies, including in other subjects which require 
a good grasp of mathematics. Those who do not … are likely to be disadvantaged in the labour market.
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The long-term solution has to lie in improving teachers’ mathematics background.

Recently published data from the CfBT Education Trust relates to the subject knowledge of trainee teachers4.4. The 
mathematics subject knowledge of samples of trainee primary school teachers from eight countries was tested. The means 
and standard deviations of their scores are given below.

An International Comparison

These figures show not just that the average level of subject 
knowledge is higher in other countries, particularly Japan, 
China and Russia, but also that there is greater consistency 
in those countries (lower standard deviation).

The mean score for England was among the lowest. Even 
though some of the trainee teachers with the highest scores, 
and so the best subject knowledge, came from England, 
there were many others with low scores. This demonstrates, 
once again, the disparity in subject knowledge and delivery 
of mathematics education.

A somewhat different group of countries took part in a survey of the subject knowledge of secondary mathematics teachers 
but the overall result was similar, with Russia, China and Japan having the highest mean scores and the least variability. The 
mean for the sample from England was sixth among the seven countries and the variability the greatest; individual trainee 
teachers from England varied from the highest to the lowest scoring in the survey.

These findings add to the weight of evidence presented in various parts of this report to the effect that learning 
mathematics in England is something of a lottery in which there are some winners but many losers.

Japan

China

Russia

Hungary

Ireland

Finland

England

Czech Republic

We are thus faced with a dilemma. On the one hand we would like to see the curriculum freed up and teachers given more scope to 
develop their professional skills and creativity. On the other hand we recognise that some teachers are not secure enough in their 
subject and pedagogical knowledge to be able to embrace this freedom and turn it to their pupils’ advantage. 

In June 2008, Sir Peter Williams published the final report of the Independent Review of Mathematics Teachings in Early Years Settings 
and Primary Schools4.3. This identified that there was a need to broaden and deepen the mathematics knowledge of primary school 
teachers as the entry requirements for teacher training did not guarantee it, nor did the training they received (see Section 9).
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Primary teachers should continue to provide a daily 
mathematics lesson and find appropriate opportunities 
for using mathematics at other times of the day.

An important feature of the introduction of the National Numeracy Strategy (1999) was the widespread provision of a daily mathematics 
lesson. Although there was no legislation about the structure of the lesson, the (non-statutory) three-part lesson was adopted by schools to 
comply with what they understood to be the requirement of Ofsted, local authority advisers and numeracy consultants.

Three years later, in 2002, Ofsted stated that there had been a ‘radical, much needed change’ in the way mathematics was taught in primary 
schools4.5. There was an emphasis on central control, with Ofsted reports in 2003 and 2005 including guidance for the local authorities to 
improve schools4.6, 4.7 by recommending that they should ‘ensure that [local authority] primary strategy managers have sufficient authority to 
exert appropriate influence’4.8. The encouragement for local authorities to ensure compliance inevitably contributed to the creeping micro-
management of schools.

This led to teachers having to start a lesson by writing its objectives on the board and for some to keep a clock on their desk during each 
daily mathematics lesson to ensure they maintained the prescribed time for the starter, 5–10 minutes; the main teaching, 30–40 minutes, 
and the plenary, 5–10 minutes. They felt that the quality of their lessons was being judged on such matters. In many schools this belongs to 
the past but it is clear, from the evidence we received, that some are still influenced by such advice.

Although the three-part lesson has been criticised on pedagogical grounds4.9 we are convinced of the crucial importance of a daily lesson 
devoted to mathematics. In addition we believe that children should also meet mathematics as often as possible when covering the rest of 
the curriculum as well as in other school activities (many schools already practise this). See the example below.

Money makes the school go round!

One primary school has invented its own in-house currency with which children can be rewarded. The children are then involved in 
saving the money, calculating how much they add to their bank accounts weekly and how much more is needed to earn enough to 
buy ‘goodies’ from the school shop trolley.  However the goodies are not for the children’s own use, but go to a school and linked 
orphanage in Romania;  ‘shoe boxes’ of gifts are built to help families and children there.

The mathematics involved in saving, earning, buying, calculating 
and managing their own accounts also extends to the children 
being shop keepers and taking ownership. This scheme is not 
only motivating in providing a purpose for the mathematics but it 
also promotes care, understanding and thinking of others.  

A Senior Teacher says: 

‘Teaching children how to manage their own personal 
finances is a life skill  that the school believes is critical for 
all. This scheme runs throughout the year and not just in 
“money week”. The children really get involved in it; last 
year we sent £1000 to Romania.’
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Using the subject outside dedicated mathematics lessons is an important part of their learning, both of the subject itself and of the 
associated life skills. In primary schools, English is practised constantly outside the ‘Literacy Hour’ as pupils read, write and learn to spell 
in every other subject. By contrast, in many schools, mathematics is not used across the full school day. One of the many criticisms of 
the Key Stage 2 National Test is that it does not give sufficient attention to Using and applying mathematics4.10. 

In summary, the introduction of a daily mathematics lesson has confirmed the important status of mathematics in primary schools 
and this should continue. 

However, and in addition, the application of mathematics to other subjects and activities should be enforced; this often involves 
data handling and display. It is critically important, just as with reading, that basic number work is practised constantly. Only then is 
numerical fluency (and confidence) achieved. 

Providing inspiration

Rob Eastaway, co-author of Maths for Mums and Dads4.11, 
introduces a class of primary children to the magic of binary numbers.

Following an algorithm with Steve Humble (Dr. Maths) at the Big 
Bang Fair in Manchester in 2010.

A school  ‘maths day’: children practise number bonds by 
playing a game.

The joy of numbers: a task from Nrich.

Many individuals and organisations are committed to inspiring children, providing opportunities for them to do mathematics that they 
find interesting and exciting.
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In recent years, mathematics in primary schools has been dominated by initiatives which have followed the introduction of the National Curriculum. 

The National Curriculum in primary schools

The National Curriculum was established in 1988 following the Education Reform Act4.12. Since then it has been amended on 
several occasions4.13. In its present form, the mathematics at primary level (Key Stages 1 and 2) is divided into three strands: 
Using and applying mathematics; Number; Shape, space and measures; at Key Stage 2 a fourth Programme of Study (POS), 
Handling data, is introduced. It sets out the mathematics that pupils should be taught in schools. 

There are eight levels across Key Stages 1 to 4, and also ‘exceptional performance’; Level 8 corresponds to Higher Tier GCSE.  

In primary education, the percentage of pupils attaining at least Level 4 by the end of Year 6 is used as a measure of schools’ performance. 

In a comparatively recent development it has become common to use sub-levels. So, for example, Level 3 is divided into 3a, 3b and 3c, 
3c being the lowest of these grades. 

In 1999, following an earlier pilot, the National Numeracy Strategy, was set up by the government to provide non-statutory guidance 
about mathematics teaching4.14. In 2003, when the support was extended to secondary schools, the primary part of the Numeracy 
and Literacy Strategies became known as the Primary National Strategy. The Secondary National Strategy was formed at this time. 
Both National Strategies are due to close in 2011.  

One of the major outputs from the Primary National Strategy is the Primary Framework for Mathematics4.15. Many teachers use the 
Framework, which is much more detailed than the National Curriculum, as the definitive guide to how the National Curriculum should 
be delivered. This situation is reinforced by the practice of outside agencies, such as Ofsted and Local Authorities, who use the 
Framework as the basis for their reports and guidance, even though it is not statutory.

The same Education Reform Act also introduced National Tests (SATs) in mathematics at the ages of 7, 11 and 14, at the end of 
Key Stages 1, 2 and 3 respectively. The National Tests at ages 7 and 14 have now been discontinued but those for 11-year-olds 
continue. Schools still have a statutory obligation to report on their pupils’ attainment at the end of each Key Stage.

Schools also report on their pupils’ progress during each Key Stage. Teachers are expected to assess and report at which National 
Curriculum level or sub-level each pupil is working. The progress of pupils against sub-levels is now deemed a key external 
accountability measure for schools and teachers. 

One way teachers do this is to use the criteria provided by the Assessing Pupils’ Progress (APP) programme4.16. This has been 
developed through the Assessment for Learning (AfL) initiative4.17, a joint project between the Department for Children, Schools and 
Families (DCSF), Qualifications and Curriculum Authority (QCA) and the Chartered Institute of Assessors. APP became a key part of 
the Primary National Strategy and consequently is closely tied to the Primary Framework. 

The National Curriculum for mathematics should be 
expressed as end of primary school outcomes which do 
not predetermine teaching methods or chronology.

Each school should have the responsibility for adopting 
or creating its own mathematics programme.
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Extract from the Cambridge Primary Review4.18

Schools are, in effect, being forced to follow non-statutory documents through ‘ministerial rhetoric, Ofsted inspections, initial teacher 
training requirements, professional development and, at local authority level, by the appointment of primary strategy managers’. As a 
result, even though the strategies are not statutory, they are ‘almost universally viewed as obligatory’.

Thus, in some schools there is a prevailing culture, as far as mathematics is concerned, that may be described as one of compliance (an 
unintended consequence). This is a long way removed from the original intention when the National Curriculum was created in England 
in 1988. Mathematics was given the status of a core subject with a set of broad statutory requirements for teaching and assessing 
children’s progress. However, since that time, several very influential documents based on the National Numeracy Strategy have been 
published, leading up to the present Primary Framework.

This situation was described in the recent Cambridge Primary Review.

Many of the comments from parents to the task force are concerned about the nature of the curriculum that is taught in their children’s schools.

Comments from parents to the task force

‘I have spoken to different teachers of my own children and the implication is that their hands are tied and they have to 
“follow the state guidelines.’ 
         
‘The curriculum is very prescriptive and often [my daughter] was forced to follow many different methodologies when 
“she had already found a preferred method that she liked.’

Comments from primary school teachers to the task force

‘We’re not allowed to do anything else in maths. We have to practise the strategy because that is what the local 
“authority and Ofsted will want to see.’

‘In primary schools we have to work towards KS2 tests which mean we are unable to move away from a very rigid and 
“at times boring curriculum. A school is not judged on whether children are inspired; it is judged on league tables. I am 
“passionate about making children enjoy their education but am told by Ofsted and the government how and what to teach.’

It is clear to us that the intentions of the documentation and guidance accompanying the National Curriculum are not always being fulfilled. 

At the time of writing this report the National Curriculum is being reviewed and rewritten for all subjects. While fully supporting this policy, we 
recommend that particular attention be given to two issues.

The new curriculum must avoid those situations where the existing curriculum and its associated guidance have had unintended and 
undesirable consequences in relation to compliance and lack of professional freedom.

Where appropriate, mathematics should not be constrained by general forms of description and required practice across other subjects.
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Pupils’ learning must be reported to parents in relation 
to the school’s curriculum and their progress towards 
the statutory outcomes for the end of primary schooling.

New methods in arithmetic: Parents’ involvement

Parents help their children with homework during their years in primary school. Research has shown that this element of home learning 
makes a huge difference to a child’s education. However, changes in arithmetic methods have left many parents unable to help their children.

The Primary Strategy has specified ‘chunking’ as a form of long division and ‘grid multiplication’ as a form of long multiplication. 
These were meant to be staging methods, helping children’s understanding before going on to the more formal methods they will 
need in Key Stages 3 and 4, but many teachers have seen them as ends in themselves.

This has led to confusion for many parents who were not taught these methods when they were at school. Some schools now run 
parent sessions where teachers teach the parents specifically in order to address the situation.

It is our view that, whenever primary school children are being taught new methods that are unfamiliar to their parents, all 
schools should see it as good practice to run such sessions with parents. We should include parents in their children’s education 
rather than exclude them from it.

‘Observational work … in Finland reveals very low level of interaction and very stilted lessons compared to other 
cultures. Only when family learning is taken into account can it be seen that the students pick up queries and engage in 
more active learning through discussion and exploration in the home environment.’

Tim Oates4.20, citing Paul Andrews 4.21.

Assessment is an integral part of teaching and learning. It usually serves one of two purposes. Teachers use formative assessment to diagnose 
what further explanation, practice and consolidation of learning their pupils need, and also to monitor the effectiveness of their teaching. By 
contrast, summative assessment is used at the end of a course to provide information about how much the pupils have learnt. The Key Stage 2 
SAT is summative. (This will be discussed shortly in recommendation 4.6.) However, a third purpose is now being used extensively, assessment 
for accountability. This affects, and at times undermines, both the usual formative and summative assessment.

The National Curriculum contains a set of broad level descriptions that are used to assign a level to each pupil’s attainment at the end 
of Key Stage 1 (Year 2) and at the end of Key Stage 2 (Year 6). The level descriptions (Levels 1 to 8) are intended to measure learners’ 
standards and their progress. Progress is described as ‘satisfactory’ if a child moves up one level every two years.

The statutory requirement to assess and record children’s standards at the end of a key stage has become increasingly linked to measuring 
a school’s success by Ofsted, the school’s local authority, School Improvement Partner and the school’s senior management. However, in 
order to measure the progress of pupils across a school the level descriptions are being used increasingly not just for the end of key stage 
assessments but also at the end of each year and indeed often the end of each term. This then requires a finer scale using sub-levels.
 
As a result, an industry has grown up providing tracking documents, tests and other forms of monitoring. This has all moved far beyond 
the statutory requirement for assessment and recording at the end of each key stage. It raises the question of whether the formative 
assessment that teachers would routinely carry out is now being squeezed out or is actually being improved. We see no single answer; the 
situation varies from one school to another.

A particular cause of this emphasis on tracking would seem to be the need to have documentation in place to satisfy the criteria in the Ofsted 
Framework and Evaluation Schedule. As inspectors make judgements about the school’s target-setting process and ‘the accuracy, consistency 
and robustness of systems for tracking’ in relation to teaching and learning4.19, the level descriptions have been elevated to a much higher status 
(see Section 11). 

However, there are other serious considerations. Not only are the levels providing benchmarks for children’s learning, but they can also be 
seen as predetermining the sequence in which teaching and learning takes place. The acceptance of ‘levels’ imposes ‘official’ chronology on 
teaching; it fails to appreciate that later work often clarifies what was not yet fully understood in earlier work; fails to appreciate the variation 
in the way in which different children develop concepts; and imposes an assumption that different topics proceed to full understanding at the 
same rate. An unintended consequence of this is that some teachers feel that the levels create barriers to what they can teach at any time.
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Limitations of the National Levels

Understanding place value 

When describing the development of place value, the levels assume an increasing difficulty as numbers get larger.

(typical child at the end of the reception year, aged 5)
Pupils count, order, add and subtract numbers ... up to 10.

(typical child at the end of the Year 2, aged 7)
Pupils … use mental recall of addition and subtraction facts to 10.
They begin to understand the place value in … and order numbers up to 100.

(typical child at the end of the Year 4, aged 9, or high-attaining child in Year 2, aged 7)
Pupils show an understanding of place value in numbers up to 1000.

(typical child at the end of the Year 6, aged 11, or high-attaining child in Year 4, aged 9)
They use efficient written methods of addition and subtraction.

This is not the reality for many children as a reception class teacher explains.

‘In my class we count every day and the children get very excited when counting big numbers. We often count up to a 
hundred all the way through from zero and I’m sure we could go even higher.’

Level 1

Level 2

Level 3

Level 4

The Assessing Pupils’ Progress (APP) programme4.22 was meant to support teachers in their assessment. It was introduced in 2008 and 
involves a large set of assessment criteria (a further detailed set of statements based on the level descriptions).  

For example, APP has as many as 170 criteria for assessing each pupil in Year 4, an extraordinary number. It was designed so that 
teachers would pick out a number of pupils on the borderline between sub-levels and work through the criteria for them. Those pupils 
would then provide benchmarks for the rest of the year group.

However, a major problem has arisen with APP in many schools where teachers find themselves expected to apply it on a regular basis to 
every pupil and not just the small sample for which it was designed. 

Children do need to be assessed routinely. All good teachers would practise assessment as an integral part of their work. However, we 
question the usage and content of the APP.

We are deeply sceptical of the basic assumption underlying APP, that it is possible to measure a child’s progress with a high level 
of precision. We do not believe that real children follow such a neat linear development process. Consequently we would advise 
caution in the reliance placed upon APP and welcome the advice in the Schools White Paper: Testing and Assessment4.23 that 
teachers do not have to follow this system in future if they choose not to.

While the National Curriculum is being reviewed, we strongly suggest that levels are looked at in great detail. We question their current 
relevance and would advise that the statement of broad outcomes would be preferable. Levels have many limitations, one is described below.
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The current end of Key Stage 2 National Test (SAT) has 
outlived its usefulness. The remit of a review should 
include transition arrangements from Year 6 to Year 7.

In Section 2 of this report we talk about accountability. What follows here adds to that, in the context of the end of Key Stage 2 National Test (SAT).

The Expert Group on Assessment (2009) listed four main purposes for assessment.

to optimise the effectiveness of pupils’ learning and teachers’ teaching;
to hold individual schools accountable for their performance;
to provide parents with information about their child’s progress
to provide reliable information about national standards over time

Four Purposes

1

2

3

Extract from the Report of the Expert Group on Assessment4.24

The first of these purposes is about ensuring effective learning and teaching but there is considerable evidence that, in the case of the 
Key Stage 2 SATs, the test has exactly the opposite effect to that suggested. 

Understandably, for reasons of accountability, many teachers devote much of Year 6 to teaching to the test. In their 2008 report 
Mathematics: Understanding the Score4.25, based on a range of mathematics-focused inspections, HMI found that children’s 
experiences in Year 6 have narrowed to ensure good Key Stage 2 SAT results and that pupils are trained to answer examination-
style questions at the expense of their understanding of mathematics. Research suggests that the tests themselves may, in fact, 
‘depress’ standards4.26.

The next purpose is to hold schools accountable and there is no doubt that the Key Stage 2 SAT is used in this way. However, it brings no 
advantage to the children taking the test.

The third purpose, providing parents with information about their child’s progress, is irrelevant to the Key Stage 2 SAT since the information 
comes at a time when there is nothing that parents can do about it. The fact that almost all secondary schools feel the need to re-test children 
at the start of Year 7 provides strong evidence that the SAT is not providing reliable information anyway.

Children leaving Year 6 are now part of a situation where, in the last term of their primary education, they and their families suffer 
tremendous stress specifically related to taking the SAT. A matter of weeks later, when they attend their new secondary school for 
a transition day, they have to take another quite different mathematics exam. Most secondary schools require them to sit the CAT 
(Cognitive Abilities Test) or MidYIS (Middle Years Information System) examinations, either during their final term in Year 6 or their 
first weeks in Year 7.

Most secondary schools do not use the SAT results for setting. They will put the children into their sets according to the results of the 
CAT or MidYIS exams.

Specific attention must be paid to this period of transition. The National Curriculum review must make sure that the 
information passed from primary to secondary schools is of benefit to the children and the mathematics departments 
receiving those children.

‘I wish we had gone on holiday as planned during the Year 6 SATs. They just retested them at secondary anyway! All that 
work for nothing.’

Parent 

We use these four purposes as a framework for commenting on the Key Stage 2 SAT to show how it is failing in three of the four categories.

1
2
3
4  

Re-testing of children by secondary schools
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Comment from a teacher to the task force

Much can be learnt about the problems of high-stakes testing from the United States where children have been treated differently depending 
upon their potential achievement in the tests. There is evidence that the No Child Left Behind policy, created in 2001, has caused excessive 
attention to be paid to children who are just below the passing point while other children have been ignored because schools are judged on 
the students they move up to a passing level4.28.

It is clear to us that the time is right for a serious review of all aspects of the Key Stage 2 National Test, including its use as an 
accountability measure. At the time of writing this report, such a review is being carried out under the chairmanship of Lord Bew.

There is little or no incentive to do anything other than get the maximum number of Level 4s at Key Stage 2 SATs. Level 
5s are ‘icing on the cake’ but in reality, most teachers would trade every Level 5 they had for one more percentage point 
on the Level 4 SATs results.

Thus the Key Stage 2 SAT currently brings no benefit to the children who are taking it.

Instead, the test sets up a conflict of interests between children and their schools. The children’s interest is to develop their 
mathematical understanding continually, throughout their education; their school’s interest is to maximise the number of children 
obtaining Level 4 in the test. The two are not the same.

A general problem with using children’s results as accountability measures is that of perverse incentives, where priority is given to those 
pupils who might improve their school’s position in performance tables, at the expense of other pupils. At Key Stage 2, Level 4 is seen as 
all important.

4 On the last of the Expert Group’s points, it is unclear that the results of this test do provide information about national standards over time. 
Although pass rates have risen while the Key Stage 2 SATs have been in place, many people would attribute this to teachers becoming more 
skilful at teaching to the test rather than to any underlying improvement in standards. Whether or not this anecdotal information can be taken 
at face value, it is certainly the case that SATs being used to monitor national standards is of no advantage to the children taking this test.

Extract from the House of Commons Select Committee Report: Testing and Assessment4.27

50

57

… it is undeniable that the high stakes associated with achieving test benchmarks has led schools and teachers to deploy 
inappropriate methods to maximise the achievement of benchmarks. … these phenomena affect the validity of the examination 
system as a whole, not just test instruments in particular, because the education experience of a child is arguably directly affected by 
the desire of some teachers and schools to enhance their pupils’ test results at the expense of a more rounded education.

A move towards a better balance between regular, formative teacher assessment and summative assessments—the latter drawn 
from a national bank of tests, to be externally moderated—would provide a more rounded view of children’s achievements, and 
many have criticised the reliance on a ‘snapshot’ examination at a single point in time.

There can be no doubt that there are serious concerns about national testing, but further doubts have been raised about the actual validity 
and reliability of the tests in a lengthy section of a report by the House of Commons Select Committee. 
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An alternative to National Tests is given below by a primary Headteacher.

An alternative to the Key Stage 2 SAT

The Head Teacher of an ‘outstanding’ primary school recently 
boycotted the 2010 Key Stage 2 SAT in order to ensure 
that the system used for measuring pupils’ progress gave 
confidence to the parents, secondary schools receiving the 
data and, most importantly, to the pupils themselves. To 
ensure accountability, she planned a three-stage strategy, 
involving in-school assessment, moderation between local 
schools and national verification. 

In-school formal assessments come from the work carried out 
as part of the normal mathematics curriculum. The class teacher 
marks the work and this is moderated by the Assessment 
Coordinator within the school. The whole school team then 
moderates samples of high attaining, middle and lower 
achievers’ work. The Head Teacher says: 

The Head Teacher explains the advantages: 

‘The benefits to the children are clear. There is no change in the way they are continuously taught and no “snap shots” 
of a child’s ability are made. The process involves far less administration and the achievements can be fed back to the 
children instantly, clearly explaining how and what they have achieved and what their next steps in learning are. There is 
no cost of re-marking poorly-marked papers. Parents trust the judgements as the people making the assessments know 
their children. Pupils and parents, after all, are the very people that teachers are accountable to. Overall this system is 
far more cost effective and less time consuming. More time is spent on teaching than testing.’

‘As we expected, this worked really well. It is crucial that all teachers within the school have a consistent approach and 
pupils themselves know that all teachers assess in the same way. This also gives greater accountability and a “team 
approach” in terms of the results achieved at the end of the Key Stage. All teachers are working towards the same 
outcome for all pupils to be the best that they can be! Everyone within this primary school team is responsible for the 
outcomes at the end of Year 6.’

The next stage involves teachers from a cluster of local schools 
coming together and moderating samples of pupils’ work from 
the others schools. (In 2010 this stage proved impossible to 
organise because most nearby schools had taken the SAT.)

Finally national verification is completed by working with a 
school from a different part of the country to ensure that the 
same standards are being applied. This gives a national bench 
mark and gives a consistent and fair standard. This was carried 
out successfully. 

The results, in terms of National Curriculum levels, are shared 
with only the pupils and parents.

There is no need to publish them as when the school is 
inspected, the robust assessment tracking system includes the 
achievements for all year groups and this is achieved without 
the pressure and build up that the SAT undoubtedly bring.
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Key Stage 3

5

The phase of education between 11 and 16 (Key Stages 3 and 4) leads up to GCSE and for many students this is their final experience of 
mathematics until, often to their surprise, they find they need it in higher education or employment. In this section we look at Key Stage 3, 
and go on to GCSE and post-16 in Sections 6 and 7. In those Sections we make far-reaching recommendations relating to the structure of 
GCSE and all students taking mathematics in some worthwhile form until the age of 18. In time these changes will undoubtedly influence 
what happens at Key Stage 3 but in this section we discuss the current situation.

For most children arriving in secondary school, almost the first thing that happens is that they have to take a mathematics test. This is very 
surprising given that only a few months previously they had taken the Key Stage 2 National Test (SAT) and the results are known to their 
new school. It raises the question of why secondary schools feel it necessary to go to the trouble of re-testing them. Teachers in secondary 
schools give us three types of reason. 

Evidence suggests that, for many pupils, the transition from primary school to secondary at age 11 is far from smooth. One in three either 
goes backwards in mathematics or fails to make progress in the whole of Year 7. 

The evidence suggests that at this stage many children, as far as mathematics is concerned, waste nearly two years of their lives 
(Year 6, preparing for the SAT, and Year 7 in their new schools). This cannot be allowed to continue.

For mathematics [of the pupils that made no gain in their level score one year after moving from primary to secondary school], the ... 
figure was 33% ... the relatively high proportion of the sample failing to make progress suggests that transfer to secondary school is 
still associated with subsequent underperformance ...

DfES statement on lack of progress on transition5.1

It is then common practice to place the children in sets according to their non-SAT test results and perceived ability.

The type of information provided by the SAT does not fully cover what they would like to know about the children who are 
coming to them. 

There is considerable variability between feeder primary schools in the quality of teaching so that a SAT result may be a 
poor indicator of a child’s true ability.

Some primary schools cram children for the SAT and so the results may over-represent the level at which they are actually working. 

A new approach is required for providing information  
about incoming Year 7 students to secondary schools.  
The almost universal practice of re-testing is clear evidence 
of lack of confidence in the present Key Stage 2 National Test.
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… 24 per cent of teachers deployed to teach mathematics … are non specialists …

… Mathematics teachers who were not specialists in the subject were most often found in the lowest attaining schools, those 
serving areas of socio-economic deprivation and those with an 11–16 age range.

Imbalance was also evident in terms of pupils’ ability: for instance, in mathematics, pupils set in designated ‘low ability’ groups 
had an increased chance of being taught by a teacher without a post-16 qualification in the subject.

In determining how to deploy all available teachers to mathematics and science classes, heads of department reported that they 
gave priority to year groups / courses that involve national assessment: Year 9, GCSE and AS/A2 level.

Key findings from DfES research5.3

There is considerable anecdotal evidence from teachers that during Key Stage 3 many students cease to engage with 
mathematics. It seems that the subject is not presented to these students in ways that work, with students often being drilled with 
a repetition of material they met at primary school5.4. 

The early years of secondary study should be seen as an opportunity to show students the relevance of mathematics and to engage their 
interest. Successful attempts to implement this strategy have followed two broad approaches: changing the style of teaching and raising 
children’s aspirations.

It may be that changes to the style of teaching involve a move away from the use of routine procedures towards greater use of contexts 
and problem solving, as in Complex Instruction (advocated by Jo Boaler5.5) and in Realistic Mathematics Education (RME)5.6, and the use of 
stimulating materials like those produced under the Bowland Maths initiative5.7.

The Key Stage 3 SAT was abolished from 2009 and it is still too early to judge the effects of this on what actually happens in classrooms. 
The situation needs to be monitored carefully to make sure that the extra time that is now available is used to improve the quality of 
students’ learning5.8. It is manifestly obvious that students should be given a rich and varied experience of mathematics but the fear is 
that instead either less time is given to mathematics or that teaching becomes directed towards early-entry GCSE with a strong focus on 
examination-style questions5.9, 5.10.

Enrichment activities can do much to raise aspirations5.11. However, it is often the most able who take part in these events whereas all 
students stand to benefit; disengagement at Key Stage 3 is particularly prevalent among the less able. For a large majority of students there 
are long-term benefits to be gained from enrichment5.11, 5.12.

Secondary schools

Recruitment and retention of secondary mathematics 
teachers should remain an ongoing priority with particular 
attention given to initial teacher training. The lack of 
suitably qualified mathematics teachers impacts particularly 
badly on lower attaining children at Key Stage 3.

One possible explanation for many children seeming to regress in their mathematical learning is that most schools do not have a full 
complement of specialist mathematics teachers and it is common practice for them to deploy their less qualified teachers on lower, 
non-examination sets5.2, 5.3 (see box below). This can lead to low expectations and reinforces the need for more and better mathematics 
teachers in our schools; this is discussed in greater detail in Section 9 of this report.
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Student engagement: Using RME

In 2003, the mathematics department at The Kingsway School in Cheadle, Stockport, decided to try out a new approach to teaching 
Key Stage 3 students, using Realistic Mathematics Education (RME). This pedagogy has been developed at the Freudenthal 
Institute in the Netherlands and is also used in parts of the United States; the teaching materials that Kingsway used were written at 
the University of Wisconsin. RME uses contexts as a route by which students develop their own mathematical ideas and then go on 
to formalise them. Teachers Rob Herring and Tom Norton say:

‘Using RME has had a big impact on our classes. It makes the mathematical content more engaging to students as 
they are able to relate to the problems because of the contexts being used and this means the mathematics comes 

out as a result. They are able to use their own informal ideas 
and pictures to address problems, meaning they tend not to turn 
to abstract, less memorable, algorithms when faced with future 
problems. Hence they remain engaged in the context and do 
not end up carrying out mathematical procedures “for the sake 
of it”. We find that our students now retain their knowledge of 
mathematics much better and are able to refer back to it.’

Results at Kingsway, as measured in the former Key Stage 3 SATs, 
are better as a result of using this approach but the most noticeable 
difference is to be seen in the classroom atmosphere, with a much 
higher level of engagement and confidence, particularly among 
weaker students.

Raising Aspirations

Professor Jo Boaler is now based at Stanford University and works with mathematics teachers, encouraging them to use problem 
solving and to inspire all students to achieve at high levels, challenging the low aspirations often held by teachers and students. Jo’s 
approach comes from ‘complex instruction’, an approach that has been used with great success in US schools. It involves teaching 
‘multi-dimensional’ mathematics. Jo explains:

‘Multi-dimensional mathematics is a broader form of mathematics than is taught in most schools, and includes all the 
ways of being mathematical that a mathematician or an engineer would use. These include such acts as problem posing, 
reasoning, representing and being logical. When students are assessed on a broad range of dimensions, rather than simply 
executing procedures, many more students are successful because there are many more ways to be successful.’

Jo is collaborating with researchers at the University of Sussex 
to study UK schools using complex instruction. In a project 
called REALMS (Raising Expectations and Achievement Levels 
for all Mathematics Students), teachers ask mixed groups to 
solve complex problems, with different students taking on roles 
to encourage reasoning and productive group work. 

The teachers involved have been surprised by the quality of the 
work produced by students they had previously thought of as 
low achieving. They report moving from talking to the students 
from the front to an approach whereby they engage students 
in collaboration and discussion of complex tasks; which means 
that they are now able to access the thinking of their students 
as they work. 

One of the schools is the very successful Parkside Federation in 
Cambridge. A Year 7 student reflects:

‘Well, we used to kind of just copy from a textbook, like we read through and answer questions and that would be the 
end of the lesson, whereas here we learn about it all through the lesson and we talk about it.’

Jo Boaler working with a group of students.

How many cubes in this shape? (Counting not allowed.)
What about larger versions of the same shape, such as a 

100-length shape?
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History of mathematics qualifications at age 166.1

England has never had a satisfactory mathematics curriculum for the full cohort of students at the age of 16.

Until comparatively recently, many children were expected to have left school before they were 16. The minority who did stay on 
used to take School Certificate; in 1950 that was replaced by O level. School attendance patterns began to change significantly after 
the Second World War with increasing numbers staying on beyond the age of compulsory schooling, culminating in raising of the 
school leaving age in 1973–4.

Many of those staying on in the 1950s and 1960s were found to be less than well suited to O level and so new CSE courses were 
devised in most subjects, including mathematics. The first CSE examinations were sat as early as 1962, well before Raising of the 
School Leaving Age. CSE courses were intended to be innovative and attractive, bringing a level of education to children who had 
previously been denied it.

A CSE grade 1 was supposed to be equivalent to an O level pass (at one time grade 6 but later grade C). However, many end-users, 
particularly employers, were sceptical about the equivalence and showed a marked preference for O level over CSE. Consequently, 
children who chose to do CSE courses, or more commonly were allocated to them, were seen as second rate. The decision about 
which course was to be followed was usually made at the age of 14 and many children (and their parents) were very resentful of 
what they saw as a labelling process.

The introduction of GCSE in 1986–8, combining CSE and O level into a single examination, was designed to rectify the situation. 
However, it has not proved successful as far as end-users are concerned. Those entering employment are perceived not to have the 
skills they need and the same criticism is made of those continuing mathematics as a sixth form subject. 

There was initially some variety in the style of GCSE syllabuses. However, from 1997 all GCSE syllabuses were subject to new 
regulations, resulting in fewer and less distinctive syllabuses. At this time tiering was introduced.

One of the major problems with GCSE mathematics is that it is expected to cover the full range of students’ attainment at the age 
of 16. Research has shown that among 16-year-olds the range of mathematical development covers ten years6.2; even without the 
upper and lower 20% tails, it is still about six years. Thus a GCSE in mathematics does not, and cannot, represent any particular 
standard. However, the expectation of end-users is that it should do just that.

In attempts to resolve the tension between measuring students’ attainment across this wide range and providing a certificate that 
will be valued by end-users, a number of different tiering arrangements have been tried. None has been successful, solving one 
problem creates another.

With a large number of tiers, many weaker students find themselves entered for a tier where the papers are appropriate for them but 
their possible grades are restricted. However, with fewer tiers the papers have to cover wider ranges. This has two negative effects: 
the lowest grade on a paper is often awarded on a very low mark and syllabus coverage can only be achieved with more, shorter 
questions and so less emphasis can be placed on the fundamental mathematical skill of problem solving.

In summary, we have had four systems in England.

Major problems have been associated with all of them.

There never was a Golden Age. There have been times when we have met the needs of our more able children at the age of 16, but 
we have never had a satisfactory provision for the whole cohort.

School Certificate O level O level and CSE GCSE

Key Stage 4

6
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Our conclusion from looking at the papers from these three years is that O level was harder than what came before or after it. However, a 
comparison is not entirely fair because GCSE is designed for a very wide range of students: O levels were not.

Discussion of the standard of this, or any other, qualification needs to take place in the context of its fitness for purpose. However, there is 
compelling evidence that grade inflation has occurred.

Arithmetic: then and now 

X

X

X

2011 GCSE Higher Tier6.5

Has your calculator given  
a reasonable answer?

1971 O level6.4

Logarithms and other  
tables were available.

1931 School Certificate6.3

These calculations were  
done without aids.

Grade inflation6.6 

The analysis of 3000 secondary pupils’ performance in algebra, ratio and decimals tests conducted last year suggests that there has 
been little overall change in maths attainment since 1976. Exam pass rates, by contrast, have risen dramatically during that period. 
In the early 1980s, only 22 per cent of pupils obtained a GCE O level grade C or above in maths. Last year over 55 per cent gained 
a GCSE grade C or above in the subject.
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The present system for GCSE Mathematics, based on 
a single award, is not fit for purpose and should be 
replaced by one offering two GCSEs as soon as possible.

Extracts from the Smith Report6.7

4.11 … It is widely believed by pupils and teachers that the amount of effort required to achieve a single GCSE award in 
Mathematics is similar to the amount of effort required to gain two awards in English Language and Literature or to gain a 
Double Award in Science. There is widespread concern that this is adding yet further to the perception of mathematics as a 
disproportionately hard subject and may be adversely affecting pupils’ subsequent choices post-16. …

Recommendation 4.2 The Inquiry recommends that, at the earliest opportunity, consideration should be given by the QCA and 
its regulatory partners to redesigning GCSE Mathematics, appropriately modified if necessary, to merit a double award. …

However, as well as incorporating a move to two GCSEs, a new system will need to address the variability of students’ attainment, 
manifested by the large swath of students who are currently unsuccessful. It is important to realise the sheer scale of the problem. It is not 
a case of a few students being lazy; we are talking about 300,000 young people each year, and it is not just that they fail GCSE but, much 
more seriously, that many of them end up immunised against mathematics, fearing and hating the subject. 

The whole system we have in place, culminating in the GCSE arrangements, is just not working for about half of our young people. The time 
is right for a fundamental review; it is simply not good enough to drift along as we are at present. The design of a new system should not be 
subject to the present constraints, some of which may well be contributory factors to the problems it is seeking to overcome, for example 
tiering arrangements and the Programmes of Study imposed by the National Curriculum.

This development should not be seen in isolation. In Section 7 we recommend that all students should continue mathematics to the age of 
18 and so at this stage they should be set on a path that will allow them to benefit from doing so. Getting right answers, rather than endless 
failure, should be normal and where necessary the content students meet should be reduced to ensure this happens. The system should be 
aspirational with students feeling good about the mathematics they do, and confident in how to use it.

Employers say that even those who pass GCSE are not functional in mathematics, meaning that they cannot apply what they have learnt in 
the workplace6.8. We believe that the solution to the problem lies in improving the provision of mathematics from the start of primary school 
up to GCSE and, in particular, in ensuring that the GCSE system better addresses their concerns. Both of the recommendations here are 
designed with this in mind. 

The design of a new system for GCSE Mathematics 
should not be constrained by the present framework.

The present GCSE is the subject of considerable criticism both from employers and from those teaching AS and A level Mathematics. We 
believe that two features of mathematics as a subject underlie these concerns: the breadth of material covered at GCSE and the variability 
in what students know after 11 years of learning the subject (we have already drawn attention to the 10-year gap between the most and 
least advanced at age 16). 

The breadth of mathematics, and the time spent in studying it, both argue for two mathematics GCSEs to be taken by most students. This 
was one of the recommendations of the Smith Report.
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Some teachers’ comments on the Higher two-tier GCSE examination6.10

The top-ability students are not as challenged as there are fewer harder questions.

Much of the assessment on the Higher papers is D/C/B material. The course is stultifyingly boring for bright candidates. 
A* is for accuracy not flair.

The major criticism from those teaching AS and A level mathematics is that GCSE does not provide students with a good enough 
preparation, particularly in algebra. Consequently the transition is difficult for many students. Mathematics has one of the highest failure 
rates at AS level; many students under-perform or drop out at this stage. A move to two mathematics GCSEs will allow room on the relevant 
examination papers for many more questions on algebra, some elementary, others more challenging (see Sections 6.3 and 6.4). 

A different but related problem with the present GCSE is its particular two-tier structure. Until 2006 GCSE mathematics candidates chose 
one out of three possible tiers of entry: Foundation (grades D to G), Intermediate (grades B to E) and Higher (grades A* to C); however, the 
Intermediate tier was removed at that time, leaving just two tiers to cover the same range of grades: new Foundation (grades C to G) and 
new Higher (grades A* to D). The structure that was imposed is used in other subjects but does not suit mathematics well. Each tier covers 
too many grades and as a result the proportion of the assessment that is relevant to any particular candidate is too small. For almost all 
candidates, many of the questions are either trivially easy or impossibly difficult.

Consequently, those who obtain particular grades are often less than well prepared for the next stages of their lives. It is possible to obtain 
a grade C on the Foundation Tier having mastered very little content and we sympathise with employers who have reservations about 
this qualification. On the Higher Tier, it is possible to get grades C, B and even A with very little algebra, certainly not enough for an easy 
transition to AS level Mathematics. Many teachers are critical of the lack of demand for the most able students in the Higher Tier papers.

Lack of functionality: Fractions

Do you think you got the answer right?

1

4

1

2

53% of the students got the question wrong. The most common incorrect response was 2/6, the answer obtained when students 
attempt to apply the rules for adding whole numbers to adding fractions. Many of the students who gave 2/6 explained that they were 
confident they were correct because 1 + 1 = 2 and 4 + 2 = 6. 

This question was also given to similar groups of Year 10 students who were not revising for their GCSEs and 74% got it wrong. 

The source of these data is a research project looking at 
different teaching approaches6.9. Its leader, Frank Eade, says:

‘It would appear that, for many pupils, the imposition in 
school of procedural routines can be counterproductive; 
it often encourages students to suspend their ability 
to apply common sense and intuition to solve a 
problem. Other approaches, for example using Realistic 
Mathematics Education (RME), can be more successful 
in helping pupils retain informal approaches whilst 
developing more abstract maths.’

This question was given to the lower 50% of Year 11 
students (spanning target grades from C to G) just prior to 
taking their GCSEs. These students had been fully prepared 
for their GCSE Mathematics examination with an extensive 
revision programme.
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Janet Carter is a school teacher who has been recruited by a university to teach mathematics to their Computer Studies 
undergraduates. The modules provide the mathematics that is needed to support the Computer Studies degree and they are 
designed to ensure that those students with no more than GCSE are able to catch up on the underpinning mathematics. Janet says: 

‘This course takes time out from the main degree programme. If all our students came into the university with stronger 
mathematics, it could be shortened and other topics put into the degree.’

Janet also has major concerns about the impact of decisions that schools are making for 14-year-olds, particularly since the 
move to two-tier GCSE. She says: 

‘Schools enrol pupils for Foundation Tier GCSE as a safety device to ensure they get a C, thus ensuring a good 
score in the performance tables. Many may be capable of performing at a higher level. The decision on level is taken 
at the end of Year 9. It is clear that the effect of the two tiers of maths combined with the high stakes of the league 
tables is to encourage schools to advise students not to attempt Higher Tier GCSE Maths – as an insurance policy to 
maximise their A*–C score. Students who join our degree course four years later will pay for that decision.’

GCSE entry policy: Knock-on to university

The move from three tiers to two took place in 2006. It was motivated by the fact that students on the old Foundation Tier had a grade 
ceiling of D and so could not obtain a “pass” grade of C; this was very demoralising. However, there are other possible two-tier assessment 
structures and there is also the possibility of a return to three tiers with an additional paper at Foundation Tier to allow access to grade C. 

The present structure means that 14-year-olds are placed in either the Foundation Tier or the Higher Tier. There is a concern that 
performance tables may be providing a perverse incentive for schools to enter students for Foundation Tier, and so have an easier route 
to a grade C, when their long-term interests would be better served by taking the Higher Tier. Those taking the Foundation Tier cover 
such a shallow syllabus that they are effectively excluded from AS and A level Mathematics two years later and many careers options are 
consequently closed to them, or made very difficult to follow.

Tiering was introduced in 1997 and so is relatively new. Prior to its introduction a number of GCSE syllabuses provided a structure that 
encouraged students to consolidate what they knew and at the same time progress to more advanced work. These syllabuses did not 
conform with the new regulations and so, for reasons of regulation, had to be withdrawn or severely modified. A major obstacle to the design 
of a better GCSE provision for the whole range of students would be removed if there were no regulatory tiering requirements. 

First teaching of a new single GCSE began in September 2010. Greater emphasis is intended to be placed on problem solving. However, 
we do not believe that it will be effective because it is subject to the same structural constraints as its predecessor. It is, we fear, a case of 
moving the deckchairs on the Titanic. 

Some state-funded schools may wish to offer the IGCSE, believing that it offers a better route of progression to AS and A level. We 
would not wish to see them denied that opportunity.

Two examination boards offer IGCSEs in mathematics and, until now, these have been unregulated qualifications with no external check 
on content or standard. However, in 2006 QCA carried out a comparison between the IGCSEs in mathematics and the GCSEs of the time. 
They concluded that one of the IGCSEs was slightly less demanding than the GCSEs6.11. If this were to continue to be the case, the IGCSE 
could become an easier route to a GCSE qualification. To ensure that this does not happen, safeguards will need to be put in place.
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Many students do not see the point in mathematics and so do not engage with it which in turn develops negative attitudes 
towards mathematics;

Even students who ‘succeed’ in mathematics (in terms of getting grade C, or above, in GCSE) commonly find it difficult to use the 
mathematics they have learnt, be it in future study or employment;

The uptake of AS and A level Mathematics is not as high as it should be; many students with grades B and C in GCSE 
Mathematics find the transition difficult, giving mathematics the reputation of being a hard subject at A level; 

The most able students are not sufficiently challenged by current GCSE Mathematics examination papers. This has a knock-back 
effect to teaching in some classrooms so that students’ experience of mathematics is often neither exciting nor fulfilling.

Problems to be overcome by the twin GCSEs, described by ACME6.12

Full support should be given to the twin GCSEs during 
their pilot phase.

The twin GCSEs should be seen as the first step towards a 
national provision that will meet the needs of all students, 
and should be led, managed and developed accordingly.

Since the publication of the Smith report, there has been considerable discussion about an appropriate design for a provision with two 
GCSEs. QCA set up pilot schemes with two of the examination boards but by the summer of 2008 they had come to nothing. At this point 
Advisory Committee on Mathematics Education (ACME) was presented with a new grass roots proposal; ACME discussed this proposal with 
the Joint Mathematical Council (JMC) and then forwarded it to QCA. 

A long series of meetings then took place involving QCA, the examination boards and ACME, culminating in approval of the current ‘twin 
GCSEs’ for a pilot, with first teaching, to Year 10 students, in September 2010. Despite major regulatory constraints being placed on the 
development by QCA and Ofqual, much of the original vision survived.

A particular cause of frustration throughout this period was QCA’s insistence that the materials should be kept confidential, making it 
impossible to consult widely on the ongoing work. It would have been sensible, for example, to have involved the CBI but this was impossible.

The design of the twin GCSEs goes much further than the Smith recommendation. It aims to foster a substantial improvement in students’ 
learning by addressing a number of well-recognised problems.

Piloting of the twin GCSEs began in September 2010. Four examination boards are involved: AQA, Edexcel, OCR and WJEC.

As we have already stated, we are in no doubt that there should be two GCSEs in mathematics and it is our view that their development 
offers the best opportunity in a very long time for a major improvement in the standard of mathematics of 16-year-olds in this country.

However, we are concerned that this opportunity may be squandered through lack of ongoing leadership (it is not within ACME’s remit or 
capacity to provide this), limited vision and the constraints that were imposed on the present design. Consequently, we recommend changes 
to the way this development is being managed and taken forward.
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Design of the twin GCSEs

The twin GCSEs are called Applications of Mathematics and Methods in Mathematics.

Proficiency in basic techniques is equally important for both syllabuses and so there is a core of common content, but most topics 
are in one or the other.

Applications of Mathematics is designed to address the lack of functionality and engagement of many students. Much of the work 
is in context, addressing real-world problems. So the content includes items like financial mathematics and data handling; it often 
requires basic mathematical modelling. This syllabus will help to prepare students for future life and employment and for using 
mathematics in the many subjects which require it but not to any great depth.

By contrast, the emphasis in Methods in Mathematics is on the more formal aspects of the subject that students will need when they 
take it further, particularly to AS and A level. So there is a strong emphasis on algebra,  
and on reasoning and proof, conveyed through the medium of Euclidean geometry.

The two syllabuses complement each other, addressing different aspects of mathematics 
and equipping students with different skills. 

They are designed to be of equal difficulty but some students, depending on their 
aptitude, may well prefer one or the other. Students are expected to be taught both and 
those going on to AS and A level Mathematics should normally have passed both. 

The development requires leadership and we propose that a single person should have responsibility for providing this. The programme 
leader would not be a member of one of the examination boards; the twin GCSEs are about much more than a change in the assessment 
arrangements. Their development should fulfil national needs through appropriate course structure, curriculum, pedagogy, teaching and 
learning materials, CPD and assessment instruments. So the leader, whose work will relate to all these areas, needs the detailed knowledge 
to carry the respect of a wide range of people, including examiners and teachers as well as decision-makers. Such a person is likely to be 
drawn from the subject community.

We propose further that the leader should report to a steering group drawn from employers, the mathematics subject community and other 
stakeholders. This group will be responsible for ensuring that, as the pilot runs, national interests really are being promoted. A minimum 
requirement is that it has at least some success in overcoming the problems identified by ACME. 

The leader and steering group will together examine the constraints first imposed by QCDA and furthered by Ofqual on the development 
of the twin GCSEs and will explore the possible advantages to be gained from removing them. We would like to see a much more open-
minded approach to ensuring that a provision evolves that will benefit the full range of students than was previously possible. 

A particular concern is that we would like to see a route incorporated through which weaker students can engage with and succeed on 
content that is relevant to them. We would like to see their needs built into a holistic system that encourages students to do more rather than 
one that holds them back.  

At the moment neither the leadership nor the constructive monitoring is being provided. Instead, the examination boards are being left to get 
on with running the pilot even though the potential importance of this initiative to the nation goes far beyond its assessment. Evaluators have 
been appointed but their role is to report on what happens rather than to influence it. Even where small changes that would allow the pilot to 
run better have been identified, present rules do not allow them be introduced.

The leader and steering group will also be responsible for determining suitable transition arrangements.

On the present timescale the pilot ends in 2013 and there will then be a two-year gap until the twin GCSEs are generally available 
in 2015. Much better arrangements need to be put in place that allow a smooth transition from the pilot to its successor. At that 
time the existing single GCSE should be withdrawn. 
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The growing practice of entering students early to obtain 
a mere passing grade in order to improve the school’s 
league table position should be strongly discouraged.

By the age of 16, there is a very considerable spread, equivalent to 10 years of learning, in young people’s attainment in mathematics6.13. 
This produces genuine management problems for school mathematics departments. For example, those at the top end are more than ready 
for GCSE and in danger of being turned off mathematics through boredom6.14. 

It has long been common practice to enter such students for GCSE a year early and to follow it up by one of the following: Additional 
Mathematics (now available as a Free-Standing Mathematics Qualification); some AS level units; GCSE Statistics. We regard this as 
realistic for those students whose GCSE grade is likely to be A* and almost certain to be A. 

Some schools insist on all students taking GCSE at the end of Year 11 but high-attaining students also take one of the other courses 
mentioned above alongside it. This is good practice; it almost certainly provides students with the best chance of obtaining grade A* at GCSE.

GCSE early entry: Knock-on to sixth form

High Pavement Sixth Form College (part of New College 
Nottingham, a General Further Education College) is nationally 
renowned for the strength of its mathematics provision. In 2010, 95 
students took A level Mathematics and over half of them also took 
some form of Further Mathematics. The percentage of those who 
do A level mathematics who also took the full Further Mathematics A 
level was 29% compared to the national average of just over 14%. 

Some of their feeder schools enter students early for GCSE, 
followed by AS modules in Year 11. The lecturers at High 
Pavement describe the problems that this practice can cause:

The student has done well in the AS Mathematics course and has a solid grade. In this case, the student can take 
A2 Mathematics in Year 12 alongside some Further Mathematics with a view to continuing this in Year 13. This is a 
positive result for the student and for the college but is not common, typically just one or two students a year.

The student has middling AS module grades (say C or D). This presents a problem since one cannot change 
examination boards and re-sit modules. They have to start again (unless by chance they have used the same board 
as High Pavement) having not done as well as they would want to the first time around. This dents their confidence 
and makes it much harder for them. Also, they find it difficult to be motivated since they are repeating work they have 
done and the result they achieved the first time will be the only one taken into consideration by some universities.

The student has done badly. This is the most common situation. Having done poorly, many students think they should 
not study maths at all and we have difficulty in persuading them otherwise. Often we are unsuccessful and those 
students are effectively turned off maths for life – the result of a decision taken for them by their school.

1)

2)

3)

It is clear that schools make decisions about acceleration with good intentions, although sometimes it seems that it 
is done with an eye on league tables. It is important to realise, though, that this early acceleration can damage the 
confidence of students of mathematics, often pushing them away from the subject.’

‘There are broadly three sets of circumstances.
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The situation is made even worse in some schools where students who have obtained a grade C in Year 9 or 10 no longer do any 
mathematics but spend their time on GCSEs in other subjects6.18. 

We deplore these practices and note that they illustrate the conflict of interests between schools and students that are produced by 
performance tables6.19.

Early entry for GCSE Mathematics: A rapidly increasing trend6.17

The figures refer to candidates who are 15-years-old or younger. A similar trend is being 
observed in English, suggesting that it is being driven by the inclusion of these two 
subjects in the performance table target of five A* to C grades at GCSE.

2008

2009

2010

Year % of entry
Number of
candidates

32,908

60,712

83,179

4.46

8.04

10.90

However, it is now becoming common for schools to enter much weaker students early for GCSE, including those on the C/D borderline and 
in extreme cases in Year 9 or even Year 86.15. This practice is motivated by schools wishing to maximise the number of students obtaining 
five grades A* to C (in this case C) for performance tables6.16 and runs completely against the long-term interests of the students: to develop 
a sound background understanding of mathematics to use throughout their lives.

Extract from the ACME report: Early and Multiple Entry to GCSE Mathematics6.20

Achieving a grade C is not the finish line – it is the start of the next event, and encouraging an early sprint is an unwise approach 
in the long term. Neither the nation’s nor the students’ long-term interests are served by early entry. It is in everyone’s interest that 
more young people at age 16 possess a deeper and more secure understanding of mathematics.
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Mathematics to the age of 18

7

To bring this country into line with the rest of the world, 
mathematics, in some form, should be made compulsory to 
the age of 18. The implementation of this recommendation 
is a matter of urgency.

In England after GCSE, some students take mathematics to AS and A level and a few more continue the subject through a number of other 
courses but the vast majority give up mathematics altogether7.1. This situation is in contrast to that in many other countries (see table over page).

Pathways in the French education system

In France at the age of 15, students can go to either a vocational, technical or general lycée, with each holding 19%, 31% and 50% 
of the student population respectively. 

In a general lycée the first year is common to all. At the age of 16 students choose between the literary (L), socio-economic (ES) or 
scientific (S) pathways. These pathways hold respectively about 20%, 30% and 50% of the general lycée students. In each pathway, 
some mathematics is compulsory and there is the possibility to choose more mathematics as an extra option. 

Every student who stays in education until the age of 18 will have a mathematics qualification as part of their baccalauréat.

The number of hours spent on mathematics in a week is shown in the table7.2.

Age Vocational Technical

L

General

ES S

15–16

16–17

17–18

At least 2h

At least 2h

None

4h

4h

4h

2h/5h if extra

option taken

None/3h if extra

option taken

5h

3h/5h if extra

option taken

4h/6h if extra

option taken

5h

5.5h/7.5h if extra

option taken
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Japan

Korea

Taiwan

Estonia

Finland

Sweden

Russia 

Czech Republic

France

USA (Mass)

Germany

Ireland

Canada (BC)

Hungary

New Zealand

Singapore

Australia (NSW)

Netherlands

Hong Kong

Scotland

Spain

England

Northern Ireland

Wales

Any mathematics

Advanced mathematics

5–19%

0–15%

20–50% 51–79%

15–30%

80–95% 95–100%

30–100%

Any mathematics

All

All

All

All

All

All

All

All

Most

Most

Most

Most

Most

Most

Many

Many

Many

Many

Some

Some

Some

Few

Few

Few

Advanced mathematics

High

High

High

Medium

Medium

Medium

Low

–

Medium

Medium

Low

Low

–

–

High

High

Medium

Low

Medium

Medium

Low

Low

Low

Low

Key

Students taking mathematics post-167.4

Data on participation in advanced mathematics were insufficient in 
Canada (BC), Czech Republic and Hungary.

It has long been said that practice in England is out of line with the rest of the world and this was confirmed by the recent Nuffield study  
Is the UK an outlier?7.3 which looked at the proportion of students continuing mathematics post-16 in a variety of countries. It revealed  
that England, together with Wales and Northern Ireland, differs markedly from other countries, as shown in the following table.

In our view, this situation is nothing short of a national disgrace. 

If there is one lesson we can learn from the rest of the world, it is that our present provision post-16 is inadequate. Unless we improve it very 
significantly we will cease to be among the leading economic and academic countries in the world.



63A world-class Mathematics education for all our young people

In addition, many students are now meeting less mathematics in other subjects, particularly because the mathematical demands of GCSE and 
A level questions in subjects such as physics, chemistry and geography have been progressively reduced7.5. This has two disadvantages: they 
have less experience of how mathematics is used elsewhere and they find it harder to acquire the fluency that comes from repeated use of the 
subject. We believe that removing much of the mathematics from other subjects has been misguided; there is no long-term benefit to students 
of these subjects in pretending that little or no mathematics is required7.6. 

There was a time when most young people left school at the age of 16, or earlier, but this is no longer the case7.7. The vast majority now 
stay in some form of education or training until they are 18 and, with the move to increase the age of participation to 18 due to take effect in 
2015, this will soon become everyone7.8. Those who leave school and college at the age of 18 having given up mathematics when they were 
16 are disadvantaged in two different ways: they have missed out on the extra mathematics they could have learnt and they have forgotten 
much of what they did know. 

Consequently the majority of our young people are currently entering higher education or employment with only a limited knowledge 
of mathematics and its applications7.9. At the time of preparing this report, ACME is conducting research into the national mathematical 
needs of those leaving school and college and the emerging findings confirm a considerable volume of anecdotal evidence about the 
detrimental effects of this two-year gap7.10.

The ACME research shows that most degree courses require mathematics (which may be statistics) but that universities do not always 
state it in the entry requirements for fear of not filling the places. In some cases the content of university courses is made less numerate to 
take account of their entrants’ lack of mathematical knowledge, mirroring what has happened to science A levels in recent years.

The ACME research also highlights the lack of mathematical maturity among those going directly into employment. This is not just a case of many 
young people not being very good at mathematics but of their not knowing how to put it to use. Employers also complain that new graduates lack 
mathematical competence; it seems that universities are not always able to remedy the mathematics deficit of their incoming students. 

Working in the pharmaceutical industry

The pharmaceutical industry requires a supply of employees 
who can work creatively and collaboratively, solving challenging 
problems in chemistry- and biology-related sciences. David Fox 
works for Pfizer and he and his colleagues have identified the 
mathematics that employees undertake in their work. He says: 

‘Maths underpins the science we pursue in industry and 
our scientists draw upon their competence in it on a daily 
basis. This may be explicitly in terms of calculations 
and manipulation of large data sets although often it is 
more implicit, forming the bedrock of our understanding of complex processes such as biological pathways, chemical 
reactivity or molecular interactions. A lack of facility in maths stifles creative problem-solving and scientific independence, 
attributes that are becoming increasingly important for graduates to demonstrate in a globally competitive environment.

At school level, there is a need to teach maths in a way that builds 
competence and confidence in the fundamentals but where the students 
are also encouraged continually to apply their knowledge to new, unfamiliar 
contexts. Maths is often seen as separate and dispensable and, by treating 
it as such, we are doing a great disservice to students who aspire to be 
future scientists.’

A particular case is that of future primary school teachers. Many of these give up mathematics after GCSE (possibly with no more than grade 
C), take arts subjects at A level and for their degrees and then go on to a PGCE in which little time is available for improving their mathematics 
subject knowledge or devoted to it. Then, six years after they last did any serious mathematics, they find themselves as class teachers, 
responsible for the mathematical development of their pupils. Unsurprisingly, they themselves have only a shallow knowledge of mathematics 
and lack confidence in it and their pupils’ mathematical development suffers as a result. This is not the fault of the teachers involved but of the 
system that has resulted in their being so ill-equipped for the mathematical element of the job they have to do.

This situation is not sustainable. Given the critical importance of mathematics, we cannot, as a country, continue to allow the two-year 
gap in learning and using mathematics between the ages of 16 and 18 if we are to retain a leading economic, scientific and technological 
role in the years ahead. 
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A route-map is needed for introducing mathematics for 
everyone post-16.

It should be emphasised from the outset that whatever problems there may be in extending our mathematics provision to cover all 
post-16 students, they are not insurmountable. Almost every other advanced country in the world has found solutions to them. 

Implementing the recommendation that all young people should continue mathematics post-16 will require careful planning. The main stages 
are given in the table below, together with a suggested timescale. This is followed by an outline description of issues to be addressed in the 
start-up and design phases; more detail is beyond the scope of this report and should, in any case, be dependent on input from a wide 
range of people. The other two phases, trialling and implementation are too far into the future for comment at this stage to be useful, 
except to say that if the design is carried out well, they should follow through smoothly. 

Phase

Start-up August 2011

October 2011

July 2012

July 2015

December 2012

July 2014

July 2015

January 2015

September 2015

September 2017

Appropriate student courses have been designed

Those who will be implementing the scheme have been contacted

Recruitment has started for teacher conversion programmes

Course designs have been refined in the light of experience

Trials of all new courses have started

Trial versions of all new courses have been taught once

New courses have been taught twice and refined

Plans for national implementation are in place

All year 12 students do mathematics

The first cohort of mathematics-rich students enters HE

A Programme Leader has been appointed

A Steering Group is in place

Design

Trialling

Implementation

Date Action

The first step in the Start-up phase is to appoint a suitable person to lead this development. This appointment will be crucial. The programme 
leader will need to work with a wide range of people and to carry conviction with all of them.

We envisage the programme leader being accountable to a steering group, who will also act in a support and advisory capacity. The 
members of steering group will be drawn from the major stakeholders: government; higher education (and not only STEM subjects); further 
education; employers; teachers; the mathematics subject community. This group should not be too large; it could easily become unwieldy.

In the next phase, the essential design work will be carried out. This work is crucial to the success of the whole programme. There are three 
separate elements: course design; involving key groups of people; recruiting teachers.
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The Fashion Retail Academy

The Fashion Retail Academy (FRA) was the first National 
Skills Academy when it was launched in 2006, preparing 
students for a career in fashion retail, training them in areas 
such as merchandising, buying, customer service and visual 
merchandising. It was set up with funding from the Government, 
Arcadia, Marks & Spencer, Next, Tesco and GUS. Born from the 
retail industry’s frustration with a lack of talent coming into the 
sector, FRA is an ideal educational opportunity for those wanting 
to enter retail, which employs over 2.9 million people.

When students at any of the levels progress from basic addition, subtraction and multiplication to looking at and calculating 
percentages they find the mathematics becomes much more challenging. Percentages (for mixes, sales phasing, variances, 
profits and margins) play a huge role in all areas of retail and need to be taught. Ratios are also important. These create 
problems for the students. Area calculations can be challenging for students to contextualise e.g. square metre space in store 
is used for calculating productivity. All of these students find their lack of number skills a hindrance after leaving school. Through 
the academy’s approach in making numbers relevant to the course curriculum, the students gain confidence and a greater 
understanding, so that they can then successfully enter industry.

The quotes below are from Level 2 students, and refer to their experience in school.

The academy currently has 616 students, covering Levels 2, 3, 4 and Foundation Degree (FdA) learners. Mathematics skills are 
essential for all of them, but their numerical competency (essential for the course) is found to be poor even amongst those with a 
pass at GCSE level. In total, the Fashion Retail Academy enrols 83% of its students with GCSE Maths at Grade C or above, and yet, 
there are still huge problems with what would be regarded as basic numeracy.

‘I believe maths isn’t difficult, but I wasn’t taught properly 
in school. We had supply teachers who couldn’t control 
the class which was unfair to others in that classroom.  
I hate maths.’  

Sharmaine Wilson (no GCSE)

‘Maths was not made interesting enough and should 
have been more fun. I don’t see why you need to learn 
Pythagoras’ theorem in school. Not all of maths seems 
necessary in further life.’ 

Victoria Sammons (no GCSE)

Karen Dennison, the Principal, comments:

‘FRA aims to make the understanding of numbers relevant to the industry. The Buying and Merchandising course at 
FRA (post A level) is extremely popular. Industry requires graduates from this course to have numeracy and analytical 
skills, a talent for teamwork, commercial flair and the ability to thrive in a fast-moving environment. All of these we 
teach on the course along with the understanding of the product they are so passionate about, that is clothes! We look 
forward to the day when we can welcome students with basic mathematical skills at the very least.’

Entry qualification in mathematics Arithmetical competencies Problem topics

Level 2

Level 3

Level 4

FdA

66% failed to gain grade C GCSE

All have grade C or above

All have grade C or above

All have grade C or above

Most

75% of students have problems  
calculating %, ratio and area

50% of students have problems  
calculating %, ratio and area

40% of students have problems  
calculating %, ratio and area

Poor

Basic addition, subtraction,
and multiplication adequate

Basic addition, subtraction,
and multiplication adequate

Basic addition, subtraction,
and multiplication adequate

‘I never liked maths in school and even though I passed GCSE, I am still very insecure about it. I used to memorise all 
of the work and then in tests and exams I was writing it down without understanding it.’

Petya Karaivanova (passed GCSE)
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Course design

A major element of the design work will involve suitable courses for the large and diverse body of students who will now be taking some form 
of mathematics. In 2009 ACME issued a discussion paper on this subject, involving wide consultation and so many of the issues are in the 
public domain7.11.  

In other countries the concept of different levels of mathematics being available post-16 is well established. In this country subsidiary 
mathematics is already available (AS stands for Advanced Subsidiary) but is not always given the recognition it merits (for example in 
university entrance requirements).

In describing this new provision it is helpful to think in terms of four bands of target students, as shown in the table below. The concept of a 
‘target student’ is very important. It describes the sort of student that whoever is designing a particular course has in mind. It does not mean 
that any student matching that description is expected to do that course, nor does it mean that a particular course will benefit only such 
students. Identifying target students is critical to successful course design.

Band Typical 
GCSE grade

Target students

A A* to B STEM and other mathematics-heavy degrees      A Level Mathematics, 

Further Mathematics

Mathematics 16–18 Typical destinations

C & below Apprenticeships, employment, further educationMature GCSE 

Mathematics units in 

vocational courses

D

B & C Degrees with some mathematical contentSubsidiary Mathematics 

(including Statistics)

B

C Degrees with little or no mathematics Mathematics for Citizenship 

(a new course)

C

Some of the courses referred to in the table either already exist, or could be informed by existing courses. These are discussed in the next 
section, 7.3. However, some completely new courses will also be needed. Two of these are referred to in the table.

The target students for Mathematics for Citizenship will be those who currently opt for A levels in subjects where no mathematics is involved. 
Many of these students will go on to university; some will read mathematically-light subjects but others will find themselves needing more 
mathematics than they expected. All will require mathematics in their everyday lives. This course will be designed to ensure that these 
students are better prepared for the future, whatever it may have in store for them.

Many of the students in band D will have failed GCSE. At the moment large numbers of students re-sit GCSE but their success rate is very 
low. For many it is a demoralising experience as they fail again and again.

Failed GCSE? What’s next?

If we want everyone to study maths successfully, both in the years after GCSE and as adults, then we need to develop 
an interesting and varied curriculum. This is especially, though by no means only, true for people who have found maths 
difficult or who were badly taught at school and so may well have failed GCSE. 

That is one reason why, several years ago, I was involved in developing free-standing maths qualifications which cover 
important parts of the maths syllabus in a different way from the standard GCSE. Qualifications of this sort can be 
very effective in helping people to progress towards GCSE, and well beyond, and I hope they will be used more in the 
future. Unfortunately, in the period since they were first developed, we have actually gone backwards in terms of what is 
available for post-16 students. GCSE Mathematics for adults has vanished, even though it was highly successful, and 
recognised that a single approach cannot work for all age groups. I would be delighted to see it re-established.

Professor Alison Wolf,
Author of Review of Vocational Education (The Wolf Report)7.12
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We recommend that instead a Mature GCSE qualification should be developed in mathematics. This will concentrate on those aspects of 
mathematics that are likely to be particularly relevant to the present and future lives of target students (for example, basic numeracy, financial 
calculations, spreadsheets, working with data), giving them skills that will both make them valued employees and allow them greater control 
over their own lives. There have been successful qualifications of this type in the past but Ofqual’s regulations currently disallow them.

Key groups of people

The work at the design stage must involve people who will have key roles in the programme’s implementation, particularly university 
lecturers and admissions tutors, employers and teachers.

The entry requirements for different higher education courses, across all subjects, are highly influential in determining what students 
actually do. It is very strongly to universities’ advantage to have an undergraduate intake that is more mathematically competent and so they 
ought to be more than willing to adapt their own entry requirements in order to encourage this change. However, admissions tutors need to 
be satisfied on two counts: that they will still be able to fill their places and that any new requirements will translate into students who are 
genuinely better prepared. Almost all university departments, including those such as business studies, psychology and biology, have a 
major role to play in designing and supporting the new provision (see Section 10.3).

Many of those who do not take A levels are involved in vocational courses. Some, but not all, of these courses constitute whole programmes 
for their students and already include compulsory mathematics elements. Thus, at this level, the structure is already in place for mathematics 
to be required of all students. It is really important for employers to be deeply involved in any new design work, so that they feel confident to 
ask for these new qualifications during the recruitment process, knowing that they are accepting people with appropriate skills. 

The third key group to be involved at the design stage is, of course, teachers. They are the group best placed to advise on whether new 
courses are realistic in the demands they make of students.

It is thus the case that those involved in higher education, employers and teachers all have key strategic roles to play in taking 
this proposal forward. 

Teacher supply

The task of ensuring that there is an adequate supply of teachers must be addressed from the very start of the design phase. We identify 
two strategies, both of which should be followed. 

The first is to identify and then train potential new teachers of mathematics at this level. A major source will be existing teachers from 
other subjects; another will be people from outside education. Many of those involved will not therefore be current A level mathematics 
teachers. At level 3, the Teaching Advanced Mathematics course is particularly relevant (see page 85). It trains people to make the 
transition from teaching level 2 (up to GCSE) to level 3 (post GCSE). So far TAM graduates have gone on to teach A level mathematics 
but we feel this would also be an appropriate route for training more teachers for the courses in the bands we have designated B and C. 
At level 2, the TDA's Mathematics Development Programme for Teachers could prove very helpful. 

The second strategy is to make use of modern technology to cover situations where there are just not enough mathematics teachers 
available. It may well be that there is a role for adapting the successful and cost-effective methodology developed by the Further 
Mathematics Support Programme. This involves a blend of face-to-face and distance-learning techniques. Students access some 
of their teaching and routine work online but this is supplemented with small group tutorials. This has been found to be effective for 
students at this age, and to be a good preparation for the style of teaching they will experience in higher education.

We have one final point to make that is relevant to the design phase. Many other countries include mathematics within a broader curriculum, 
sometimes described as a baccalaureate. This report is about mathematics and so it would be beyond its remit to recommend a general 
move to such a style of curriculum. However, we note that in the last 50 years there have been six attempts to make such a change, all of 
which have come to nothing. We would not wish to see the absolute need for more people to do more mathematics being irrevocably tied to 
yet another attempt to change the whole curriculum.
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When designing new post-16 courses, existing provision 
should be considered carefully and where appropriate 
built upon.

Our existing provision includes a number of courses that are relevant to the situation where everyone takes mathematics post-16.

Band A  Students in this band will take A level Mathematics and possibly AS or A level Further Mathematics. We are not proposing any 
immediate changes to these qualifications.  

Band B  Target students in band B would be expected to take mathematics as (at least) a subsidiary subject; AS Mathematics, AS Statistics 
and AS Use of Mathematics could provide the basis for suitable subsidiary courses.

Use of Mathematics

In the late 1990s, QCA commissioned the development of a number of free-standing Mathematics Units, covering levels 1, 2 and 3, 
to support students taking General National Vocational Qualifications (GNVQs) and other courses. These became known as Free-
Standing Mathematics Qualifications (FSMQs). Under the Curriculum 2000 changes, it became possible to aggregate three level 
3 FSMQs to obtain a new qualification called AS Use of Mathematics. The uptake of Use of Mathematics, and of the contributory 
FSMQs, has always been quite small.

AS Use of Mathematics offers a pathway for post-16 students who need some mathematics to support subjects such as business 
and social studies, but who are not taking mathematically-rich subjects, such as engineering, physics, chemistry, economics and 
computer science. It is aimed at students who would not opt for the standard AS and A level Mathematics and so is not in any sense 
a replacement for them.

As its name implies, Use of Mathematics concentrates on the applications of mathematics to various problems from real life and 
from other subject areas, and consequently goes into the fundamentals of the subject in less depth than AS level Mathematics. Its 
emphasis is more on how mathematical ideas and concepts can be used as tools for mathematical modelling. 

Some students are currently taking a pilot course that extends AS Use of Mathematics into a full A level. In order to meet Ofqual’s 
regulations, fundamental design changes had to be made to the FSMQs contributing to the AS level part of this qualification.  

The possible extension to a full A level is the cause of some disquiet. It is feared that some institutions would offer only Use of 
Mathematics as an A level and drop Mathematics. If that happened it would be hard for universities to deny students entry to 
mathematics degree courses on the basis of Use of Mathematics qualifications, even though they are definitely not designed for that 
destination. These concerns are exacerbated by the concern that schools might be motivated to offer the ‘easier’ Use of Mathematics 
instead of the usual Mathematics A level in order to increase their league table rankings. 

In this context we recommend that existing AS courses should be reviewed, for two reasons.

The issue of whether they could be made more fit for purpose if they were not subject to the constraints imposed by Ofqual’s regulations 
must be addressed. This is particularly important in the case of Use of Mathematics.

Many university departments, particularly in non-STEM subjects, are likely to use these qualifications as part of their entry requirements. 
They need the opportunity to ensure that the qualifications meet their needs.

Bands B and D  A lot of time and money was devoted to the development of diplomas. However, their uptake was low7.13. It is our view that 
at level 3, their design was compromised by a lack of definition of their target students. 

On the one hand they were intended to provide essentially vocational courses for students who would be unlikely to take A levels, or would 
probably not be very successful if they did so. As such they have a really important role to play. In our view, these should have been the 
target students. Many of them will become technicians, providing skills that are desperately needed by industry.

On the other hand the level 3 diplomas were also promoted as a route to higher education, including degrees at the most prestigious 
universities where the normal entry requirement would be three A levels at grade A. 
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Extract from Engineering and Technology Education7.14

… it is worth stating that the diploma is as much about preparing young people for work (perhaps through the apprenticeship route) 
as preparing them for higher education. This important message all too often gets lost in media coverage of the diploma. This is 
especially regrettable given the real need for people with intermediate skills in engineering – a message repeatedly underlined in 
research from the CBI, the Sector Skills Councils and the EEF.

We are, however, concerned that insufficient time is available for mathematics for those we see as the target students. The compulsory 
Principal Learning unit is assigned 60 guided learning hours; however, much of the content is in AS, and even A2, Mathematics where 
it would typically attract at least 100 to 120 guided learning hours. There is a similar disparity with the time allocated to the optional 
Additional and Specialist Learning (ASL) unit. We hope that at the first opportunity for revision this situation will be rectified. 

It was at one time suggested by some people that A levels should be completely replaced by diplomas7.15. Had that happened, the 
only mathematics learnt would have been that attached to and relevant to certain diplomas, for example Science. Mathematics as 
a subject would have been lost and there would have been no natural route through to university mathematics degree courses.

The Level 3 Engineering diploma has the potential to meet the needs of a student clientele, drawn largely, but not entirely, from band D, 
who will not otherwise be well served. It includes dedicated mathematics units and so can provide an example of how such students can be 
taught mathematics that will be important to them.

Mathematics in the Engineering Diploma

Students meet mathematics in engineering contexts throughout the diploma.  

The Royal Academy of Engineering has obtained a substantial industrial grant and has commissioned teaching and learning 
materials to allow the mathematics to be taught in a style that will make it relevant to engineering students.
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AS and A levels

8

The standard of A level Mathematics over the last 25 years

A levels began in 1951 but it was not until 1983 that common cores were established for mathematics and the sciences8.1. The 
resulting syllabuses came into force in 1985.

The 1985 mathematics syllabuses were not seen as successful. There was a steady decline in uptake and teachers complained that 
there was too much material to get through in the time available. Most students obtained low grades or failed but this was inevitable, 
given the norm referencing used at the time; the percentages of candidates awarded the different grades are shown in the chart.

This grade distribution was seen to be unjust; it did not match the candidates’ ability or 
their attainment. So, in 1987, the decision was made to move to criterion referencing 
with grades awarded according to the quality of candidates’ examination papers rather 
than their position in the overall ranking. Over subsequent years this decision had a 
considerable impact. Many candidates who would previously have obtained grade 
D or E were now awarded a grade C. It also heralded a redesign of examination 
questions to provide a more accurate measure of how much mathematics candidates 
knew, rather than just whether they could or could not do a question. For both of 
these reasons, candidates’ grades tended to rise in the 1990s and this caused 
comment from universities8.3.

In 1993 the common core had been in operation for ten years and so came up for 
review. Because of the falling numbers, coupled with teachers’ comments, it was 
decided to reduce the content; it was, for example, at this time that complex numbers and proof by induction moved from the  
A level syllabus into Further Mathematics8.4, 8.5. At this time almost all mathematics syllabuses became modular and there was 
some recovery in uptake8.6.

The next significant event occurred in 2000, with the introduction of new A level syllabuses in all subjects in a programme entitled 
Curriculum 2000. The mathematics syllabus was little changed but the conditions under which it was to be taken were now very 
different. In Year 12 students were expected to take four or five subjects instead of three so they inevitably had less time for 
mathematics; this was exacerbated by new funding arrangements that put pressure on institutions to complete the three modules 
for AS level in Year 12, when previously most had done two in Year 12 (and four in Year 13). The result was a disaster. In 2001 
there was a very high failure rate in AS Mathematics, with many candidates handing in blank scripts for some of their module 
examinations; large numbers of students then gave up mathematics (in some schools 50%) and this resulted in a big reduction in 
the number of A level candidates in 2002. This in turn caused some university mathematics departments to close.

In this situation, there was general agreement that something had to be done. It took the form of reducing the content of A level 
Mathematics by one module and redistributing the content of the remaining five modules over six new ones. There was thus a 
reduction in content of a sixth. The new syllabus came into effect in 2004 and has proved very successful with uptake now at its 
highest for many years and continuing to rise8.6. However, Mathematics remains one of the more difficult A level subjects8.7.

In summary, on several occasions during the last 25 years it had become clear that A level mathematics was not fit for purpose and 
as a result its standard was eased (by government and its agencies), both in terms of content and grading. If this had not happened, 
it is very likely that hardly anyone would now be taking mathematics post-16.

Taken together, A level Mathematics and AS Further Mathematics cover much the same content as A level Mathematics did in 1985. 
Given the unprecedented rise in uptake of Further Mathematics at both AS and the full A level in recent years, the system has to 
an extent been self-correcting but this has only happened because of the ongoing intervention of the Further Mathematics Support 
Programme (FMSP).

Percentages of candidates awarded  
the different grades prior to 19878.2
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After GCSE, between 10% and 15% of students take mathematics to AS and A level8.8. We have already recommended a move to a 
situation where all young people take some mathematics post-16 but that will take some years to achieve. That change will need to be 
designed to meet our national needs.

With that aim firmly in mind, it is important to ensure that any 
short-term changes to the present provision are really necessary. 
Meanwhile the present A levels in Mathematics and Further 
Mathematics are working really well, better than for very many years, 
with large and continuing increases in uptake.

During the last three years there have been several attempts by 
QCDA (previously QCA) to change the A levels in Mathematics 
and Further Mathematics. These have been resisted by the 
mathematics community8.10. In 2009 there was a very large 
response to an online consultation on proposed changes but the 
results have not been published. 

We are not convinced of the need for short-term change and are 
aware of the very considerable risks involved, as exemplified by the 
effects of Curriculum 2000 which are illustrated in the graph.

The increases in uptake in mathematics are much greater than 
those in other STEM subjects, as shown in the diagram below 
which covers the period 2007–2010. The base year was chosen to 
exclude the mathematics recovery from Curriculum 2000; by 2007, 
the number taking mathematics had returned to approximately its 
pre-Curriculum 2000 level.

In making the recommendation for no immediate change, we are aware that there are those, mostly in university mathematics departments, 
who are critical of the standard of algebra and the ability to pursue a rigorous argument, and particularly a proof, among students who have 
just completed A level Mathematics. Some critics go on to conclude that the A level syllabus is at fault and should be rewritten.

No changes should be made to the present AS and A 
levels in Mathematics and Further Mathematics in the 
short term. The next revision should be based upon a 
deep understanding of our national requirements.

Changes in A level numbers for STEM subjects from 2007 to 20108.9
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The syllabus, including the common core, is defined in the Subject Criteria for Mathematics8.11 and the skills in question are well covered 
there. It is our view that the problem does not lie with the syllabus but with its implementation. The responsibility for ensuring that the 
syllabus intentions are carried out lies with the regulator, Ofqual. 

An important point is that mathematics and the sciences are already the hardest A level subjects, as illustrated by the graph 
below. There clearly is a problem with the disparity in difficulty of subjects and this would be exacerbated by making mathematics 
any harder. There would be a serious risk, indeed likelihood, of a repeat of the Curriculum 2000 disaster with students opting for 
easier subjects, and schools and colleges encouraging them to do so to improve their league table positions. On the other hand, 
we would not wish to see A level Mathematics made easier; instead the demand of some other subjects should be increased to 
ensure genuine comparability.
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This graph is based on the 2008 A level cohort. The data, provided by the CEM Centre at the University of Durham, were calculated 
using the Rasch model for comparing the difficulty of subjects; there are several other models, all of which produce broadly similar 
results; a graph showing the results from five different methods is available in a report prepared by CEM8.12.
 
(We have not included A level General Studies.) 

A comparison of A level difficulty in different subjects
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Further Mathematics has been conspicuously successful 
in recent years; this should be seen as work in progress 
with significantly more still to be done. There should 
be an analysis of the transferability of the methodology 
developed by the Further Mathematics Support Programme.

In recent years, Further Mathematics has been a national success story; numbers taking the full Further Mathematics A level have 
increased from 5315 in 2003 to 11,682 in 20108.13. This turnaround is attributable to the work of the Further Mathematics Network, 
now renamed the Further Mathematics Support Programme (FMSP)8.13, 8.14, 8.15. This was a grass-roots initiative. 

In the 1990s Further Mathematics seemed to be in terminal decline and this was undermining schools and universities. This led MEI to 
obtain funding from the Gatsby Charitable Foundation for a pilot project, starting in 2000, to find how this situation could be improved. In 
2005 the programme was rolled out nationally as the Further Mathematics Network. It has been remarkably successful.

This is not just about some people doing more mathematics, important though that is, but also about providing equality of opportunity (and 
consequently social mobility). For the first time ever, every student who would benefit from it now has access to Further Mathematics and 
as a result participation is now much wider. Many students who, because of where they live or their family background, would not otherwise 
have done so are now taking Further Mathematics. 

The proportion of state-funded schools and colleges that offer 
both A level Mathematics and A level Further Mathematics has 
risen from under 40% to over 60%8.16. 

Over the same period, the proportion of A level Mathematics 
students in state-funded schools and colleges who also take Further 
Mathematics rose from 9% to 14%8.16. 

While this is very good news, it is clear that there is still much to 
be done. We should be aiming for 100% of schools and colleges 
to be offering both Mathematics and Further Mathematics A levels. 
In independent schools, the percentage of A level Mathematics 
students who also take Further Mathematics is significantly higher 
than 14%; across all schools and colleges it is currently 16%8.16.

The success of the FMSP has been truly remarkable, taking Further 
Mathematics from a situation in which many people believed it was 
doomed to extinction to one in which it is a subject now being widely 
taken. As well as those doing the full A level, many more students are 
doing AS Further Mathematics and deriving great benefit from doing 
so. Further Mathematics is the fastest growing subject at this level. 

The FMSP has developed its own methodology for delivery 
and we suspect that much of it may be transferable, both to 
mathematics at other levels and to other subjects. We believe 
it is in the national interest for a full evaluation to be carried 
out into the factors that have enabled this programme to be 
so effective.

One among many important aspects is the involvement, in a 
variety of ways, of over 50 universities in the work of the FMSP.

Percentage of state-funded schools and colleges that offer both 
A level Mathematics and A level Further Mathematics, 2005–20108.17

Percentage of A level Mathematics students in state-funded schools  
and colleges who also take A level Further Mathematics, 2005–20108.17
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 The East London Further Mathematics Centre

Pat Morton runs the East London Further Mathematics Centre. It was set up in 2006 and is 
part of the Further Mathematics Support Programme. Since then the centre has tutored over 
200 students and worked with over 100 schools to teach and develop Further Mathematics. 
Pat has spent her career in mathematics education and feels that her work running the centre 
is both challenging and rewarding.

‘I love my work as an Area Coordinator, the combination of teaching and CPD is 
great. We give students opportunities they wouldn’t otherwise have to study Further 
Mathematics and many go on to read mathematics at university. For most of my 

students they will be the first generation in their family to enter higher education and the sense of achievement is high. 
We have also developed programmes for those who want to attempt Oxbridge entry. Equally rewarding is the work with 
schools and teachers. I have worked long-term with schools to help them develop or establish Further Mathematics and 
over the four years I have seen a significant number of schools progress to teaching the full A level. It is really important 
that teachers have good support and our teacher networks and CPD programmes provide it. The centre acts as a focus 
for A level mathematics and provides real help to students, schools and colleges.’

When Tanjila was in Year 13 she studied AS Further Mathematics with the programme. She is 
the first in her family to go to university. 

‘The teaching was excellent as every concept was clearly explained which meant that 
‘I did not feel rushed. It was amazing how we completed a single module over a short 
‘period of time.’

When Robyn was in Year 13 she completed A2 Further  
Mathematics in one year. 

‘The Further Maths Support Programme is a lifesaver! The extra materials such as 
the online resources, the worked solutions and additional revision and study days 
make learning the harder topics so much easier. The whole team is extremely friendly 
and I am lucky to have had the support of the FMSP. If it wasn’t for the FMSP I 
wouldn’t be able to go to university next year to study maths because I wouldn’t have 
the subjects as my school does not do A2 Further Mathematics.’

Both girls are now reading mathematics at university, Tanjila at Kings College London and Robyn at Warwick.
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A variety of types of A level syllabus should be allowed and 
encouraged, including both modular and linear. A review is 
needed to ensure that the design features of good modular 
syllabuses at this level are better understood by those 
responsible for writing and approving them. The grading 
and aggregation system used for mathematics (and other 
STEM subjects) needs to be reviewed in order to ensure 
comparability between subjects. An extra paper should be 
introduced for the award of the A* grade.

The fundamental aim of the design of any mathematics A level syllabus is that it should challenge and inspire the students taking it and 
give them a true appreciation of the breadth, unity, relevance and depth of mathematics (including, for example, proof, as a central part of 
mathematical understanding). However there is a constant balancing act between providing such a challenge and ensuring that the subject 
is accessible to a substantial number of students so there is no reduction in uptake. 

All the current A level syllabuses are modular and this has been the case for about 15 years for mathematics. There is plenty of evidence to 
indicate that well-designed modular syllabuses allow people access to learning at a level which would otherwise be denied to them8.18. Many 
school teachers are strongly supportive of modular A levels in mathematics. 

By far the majority of UK university degrees (in all subjects) are also modular, and this style looks set to become increasingly  
common across Europe8.19. 

However, there is also a body of opinion, particularly in the higher education sector, which believes that a synoptic understanding of the 
special nature of mathematics as a highly interrelated and structured subject, in which the connections between its different areas and ideas 
are vitally important, would be better served by a return to linear A levels with limited choice and summative assessment. 

While everyone with an interest in mathematics education would agree about the desirability of these outcomes, many would question 
whether they would best be promoted by a return to linear syllabuses. At the moment the debate is sterile because there is no mechanism 
for putting the differing opinions to the test. Under the present regulations all A level syllabuses in all subjects have to be modular. We 
recommend instead that there should be a variety of types of syllabus, including both modular and linear.

Extract from Mathematics in School editorial 8.20

The 1990s and early years of the 2000s saw a worrying decline in the numbers of students studying mathematics at A level in 
England, Wales and Northern Ireland. This led to the closure of several Departments of Mathematics in Universities, greatly reduced 
numbers of students in others and linked to this a threat to the supply of well-qualified teachers of mathematics for our schools. From 
this doom and gloom scenario we are now seeing a boom in mathematics students and in 2010 numbers are back to those of the late 
1980s. It is often argued that modularisation of the mathematics curriculum and assessment has been one of the major driving forces 
behind the recovery. … As with all changes there are pros and cons. Readers will inevitably have their own views. But a University 
Mathematics Department which struggled to enrol 30 first year undergraduate mathematics students in the 1990s and can now boast 
over 130 must be a good news story for the health of mathematics in the UK.

Professor John Berry, Editor

We are, however, convinced of the need for better design of modular syllabuses both at A level and at GCSE. To the extent that it is 
possible, they should avoid fragmentation and should promote synoptic learning both within and between the various strands (pure 
mathematics, mechanics, statistics and decision mathematics) covered in the A level syllabus. We are not convinced that the meaning 
of good design is sufficiently understood by those responsible for writing and approving the syllabuses and believe that more work is 
needed in this area. 

Furthermore, there is a need for a review of the grading and aggregation system used for modular A levels in mathematics (and other STEM 
subjects). There are several unsatisfactory features of the way the system currently used works in practice.
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It does not ensure comparability between different subjects. 
Overall STEM subjects are harder than others but the situation 
is more complicated than that. In STEM subjects many more 
candidates obtain the extreme grades of A and U; their 
distributions are more spread out. This is most evident in 
mathematics8.22, 8.23.

Since both the UCAS tariff and performance tables are 
based on the assumption that all subjects are graded at the 
same standard, it is incumbent upon the regulators to ensure 
comparability between subjects but, as shown by the graph on 
page 73, this is not happening at the moment. 

Percentage of candidates obtaining extreme 
grades at AS level in 20108.21

The present system encourages excessive re-sitting of AS units in order to gain an A level grade A. This problem is particularly 
acute in mathematics but could easily be overcome by changing the aggregation system8.24. 

It is predicted that the amount of re-sitting will become even more of a problem with the introduction of the A* grade. This is 
awarded on a very high overall mark; while that sounds desirable, it is actually likely to be a reward for avoiding careless mistakes 
rather than for genuine mathematical performance. In our view it would be better to have an extra paper for the award of the A* 
grade. This would have the added advantage of presenting the most mathematically able candidates with challenging questions 
without making the rest of the A level too difficult for more typical students. Such an A* paper should replace the current 
Advanced Extension Award (AEA); however, it should be recognised that it will be no substitute for the extra content and depth 
provided by Further Mathematics.
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Teachers

9

The teaching profession

When considering the training, role and career-long professional development requirements of teachers of mathematics, it is 
important to make the distinction between those working on the one hand in primary schools and on the other hand in secondary 
schools or colleges. Typically, a primary teacher is responsible for all subjects for a particular class and so mathematics occupies 
only a relatively small part of a working week, whereas at secondary level (and beyond) most mathematics teachers spend all their 
time teaching the one subject, to a variety of classes. There are many individual exceptions but this is the general pattern.

The Training and Development Agency for Schools (TDA) is responsible for overseeing teacher recruitment and training. All new 
teachers are graduates (with the exception of some of those going to teach in Further Education) and undertake some form of 
initial teacher training (ITT). Most have taken a subject-based degree and then do a one year post-graduate certificate in education 
(PGCE) at a university education department for their ITT; an alternative to a PGCE is school-centred initial teacher training (SCITT). 
Some primary school teachers go through a different route, taking a B.Ed. degree. Successful completion of ITT results in qualified-
teacher status (QTS) allowing the teacher to start work in a school as a newly-qualified teacher (NQT). After satisfactory completion 
of one year, the NQT designation is removed 9.1. 

While some primary teachers have mathematics degrees, they are a small minority. Many have degrees in arts subjects which will 
be relevant to much but not all of their teaching. The minimum mathematics entry requirement for primary ITT is a grade C at GCSE 
and this may have been obtained from the Foundation Tier and taken five or more years previously. The limited time on a PGCE 
course means that there is little scope for participants to improve their mathematics subject knowledge. This situation extends into 
their working lives; such time as they are able to devote to professional development has to be spread across the whole curriculum. 
The Williams Review recognised the problem of lack of mathematics expertise in primary schools and recommended that there 
should be one specialist mathematics teacher in every primary school. In order to achieve this, the Mathematics Specialist Teacher 
(MaST) programme9.2 was set up in 2009.

By contrast, most secondary mathematics teachers are either mathematics graduates or have degrees in closely-related subjects. However, 
there is a severe shortage of secondary mathematics teachers and about a quarter of mathematics lessons are taught by people without 
specialist knowledge9.3. It is estimated that one in six secondary mathematics teachers has transferred from another subject9.4. 

The remit of the National Centre for Excellence in the Teaching of Mathematics (NCETM) covers the continuing professional 
development (CPD) for teachers of mathematics in all phases. The NCETM’s role is one of leadership and facilitation rather than 
actual course delivery, which is carried out by a variety of other bodies including universities, local authorities, subject associations 
and commercial organisations.

In order to overcome the shortage of secondary mathematics teachers, a number of initiatives have been put in place. These fall 
into two broad categories: recruiting people who are not currently teaching and helping existing teachers of non-shortage subjects to 
transfer to mathematics.

Attempts to recruit more people into mathematics teaching include options within several university mathematics degrees, typically in the 
final year, designed to encourage students to think about teaching as a career, for example the Undergraduate Ambassadors Scheme9.5.

There are also a number of schemes designed to make a change of career into teaching a viable option. These include employment-
based programmes allowing someone to train and qualify as a teacher while working in a school; examples are the Graduate 
Teacher Programme, the Registered Teacher Programme and Teach First.

Schemes to help existing teachers move into mathematics tend to be targeted at those who are already teaching some mathematics, 
possibly alongside other subjects. They provide the necessary subject knowledge and pedagogy. These include the TDA’s Mathematics 
Development Programme for Teachers (MDPT) and Teaching Advanced Mathematics (TAM), run by MEI. There are also subject 
enhancement courses for those about to start training who would benefit from improved subject knowledge. 
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In the short term, the minimum mathematics requirement 
for those entering primary school initial teacher training 
should normally be a grade B in GCSE Mathematics. 

‘ … most ITT does not in itself constitute a sound basis for deep subject and pedagogical knowledge in mathematics.’
Sir Peter Williams9.7

‘Properly conceived, the act of teaching depends for its effectiveness on various kinds of knowledge, of learners and 
learning no less than of curriculum. But the range of pedagogical knowledge attended to is often very limited.’

Professor Robin Alexander9.8

Comments on existing primary ITT

In summary, it is the conclusion of this review that, in the short term, it is unrealistic ... to seek to introduce significant new 
mathematics material into the majority of what are already full undergraduate and PGCE courses.

Recommendation 3: There should be at least one Mathematics Specialist in each primary school, in post within 10 years, 
with deep mathematical subject and pedagogical knowledge, making appropriate arrangements for small and rural schools.
Implementation should commence in 2009 and be targeted initially to maximise impact on standards and to narrow attainment gaps.

Extracts from the Williams Review9.11

We were presented with conflicting accounts of how much mathematics is covered in primary ITT courses and no doubt this is a reflection 
of variability between courses. There should be a strong emphasis on both subject knowledge9.9 and pedagogy in every ITT course that 
prepares people to teach mathematics9.10. It is clearly important that all courses should match the provision of the best, both in terms of the 
quantity of mathematics and its quality.

In Section 4, we discussed the need for primary school teachers to have a sound background in mathematics and cast doubt on whether the 
present arrangements ensure that this is the case. At the moment the minimum entry requirement into ITT is a grade C at GCSE. However, 
there are two routes to grade C, either Foundation Tier or Higher Tier. The syllabus content for the Foundation Tier is very limited and we do 
not believe that it can provide future teachers with sufficient understanding of the connections within mathematics and the directions in which 
the subject develops. Grade B GCSE can only be obtained from the Higher Tier and so we recommend that, in the short term, this should 
normally be the minimum requirement for entry to ITT9.6. The distinction we are making is not between grades where the only difference may 
be a mark or two on an examination but between courses of study with significantly different content. We would not, however, wish to turn 
away potentially good teachers and so suggest that teacher training institutions should be given discretion to accept people with grade C if 
they can demonstrate mathematical competence.

In the longer term, when Recommendation 7.1 is enacted, everyone will do some mathematics between the ages of 16 and 18 and it will be 
possible to define the minimum entry requirement in terms of one of the new courses that will have been developed.

When this happens, it will be possible to make the mathematics in primary ITT, and subsequent CPD, much more effective. We recommend 
that work should start now on identifying the possibilities it raises. At the same time, and as part of the same piece of work, such a review 
should consider possible improvements to the current provision. Newly qualified teachers should be equipped to teach mathematics 
confidently and not feel themselves bound by the constraints identified in Sections 2 and 4 of this report. The task force received comments 
raising concerns about the quality and variability of ITT which are closely in agreement with the following statements.

There should be a review of mathematics in primary ITT 
courses, with a view both to improving present provision 
and also to establishing good practice for the future 
when trainees will arrive with a stronger and more recent 
background in mathematics.
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The impact of the MaST programme

As well as working for Hampshire Local Authority, Laura Clarke does some lecturing on 
the MaST programme provided by the University of Winchester. Laura says:

‘We set out to really develop the way that mathematics is taught and learned 
in our schools through broadening and deepening teachers’ subject knowledge 
and developing their understanding of effective pedagogies. The programme 
has been effective in achieving this and also in raising the profile of mathematics 
in the MaST’s schools and across the county.’

One of Laura’s ‘students’ is Nicky Harhuis who teaches at Parsonage Farm Nursery 
and Infant School in Hampshire. She was one of the first cohort of teachers to go on the 
MaST course. Nicky says:

‘My own subject knowledge has increased and I have a far greater understanding 
of the progression across key stages. I have also had the opportunity to develop 
coaching and mentoring skills. My understanding, awareness and experience 
has increased and this has naturally fed into planning and teaching. As we plan 
in school as a year group, this has had a direct effect on the other class. Greater 
awareness of the need of rich mathematical tasks is evident in planning and it 
has also led me to question methods used. Is there another way of approaching a 
concept? What are the potential misconceptions?

My enthusiasm has also rubbed off! A colleague has now also completed the 
ten-day maths course, maths weeks have taken place, school council are 
discussing the possibility of a monthly maths challenge, sports day includes a 
cake stall – the children have been baking and costing goods prior to selling to 
parents – all of which have been a result of raising the profile of maths.’ 

Nicky’s head teacher, Kathy Greenway, adds:

‘The school has gained from the knowledge that Nicky has shared both within her year group and in whole-school staff 
meetings. I have seen greater confidence across the school in terms of planning rich mathematical tasks and teaching 
maths from Foundation Stage to Year 2. It is too early to measure impact in terms of increased rate of progress in maths 
but I will be monitoring this. Nicky leads the curriculum team for maths; she shares new subject knowledge and leads 
discussions to ensure continuity and progression in maths across the school.’

Initially the MaST programme was expensive to run but the cost has now been considerably reduced. Ongoing evaluation, in terms of 
the effect it has on the other teachers in a school and on the children in their classes, is clearly very important. It will be many years 
before every primary school has a teacher who has been on it so meanwhile we would also hope to see other innovative approaches 
pursued alongside it.

In 2008, the Williams review concluded that, rather than expecting a major improvement in the mathematics background of newly 
qualified teachers, it was more realistic to embark on a programme of CPD with the aim of ensuring that there is a specialist 
mathematics teacher in every primary school. However, we are in no doubt that Recommendation 7.1, with compulsory mathematics to 
the age of 18, will change the situation fundamentally, providing the opportunity for real improvements in the longer term.

Recently, Mathematics Specialist Teacher (MaST) courses have been established to ensure that the Williams recommendation of having 
a mathematics specialist in every primary school is put into effect. The best MaST courses are being rated very highly.
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A number of strategies for increasing the supply of 
secondary mathematics teachers should be pursued; 
these include schemes to increase the supply of well-
qualified mathematics graduates, teachers of other 
subjects and employees from other sectors of the 
workforce. Current successful programmes, like 
those encouraging strong undergraduates to consider 
teaching, should be fostered.

Teachers are absolutely key in determining whether a young person succeeds or fails in mathematics. However, we do not currently have 
enough specialist mathematics teachers in our secondary schools and many students are being taught by people whose own knowledge of 
the subject is uncertain.

The Deployment of Mathematics and Science (DMS) study in 2005 identified an apparent shortage of post A-level qualified 
teachers teaching mathematics … The Secondary School Curriculum and Staffing Survey showed that 25% of mathematics 
teachers had no post A-level qualification in related subjects. The DMS study found that of those teachers deployed to teach 
Mathematics, 24% were non-specialists.

Extract from Secondary School Curriculum and Staffing Survey9.12

The teaching workforce contains not only those for whom it is a first career but also those who have retrained from other professions.  
A number of schemes in this area have been implemented.

There was very strong support, across all those who submitted evidence to our inquiry, for retaining a diversity of training routes. 
This support stemmed principally from the recognition that ‘non-mainstream’ routes, including distance-learning, school-centred, and 
employment-based initial teacher training, have removed many of the barriers to entry to the teaching profession, most notably for 
career changers. At the same time, variations on these models, especially Teach First, were felt to have brought other benefits, such 
as helping to change perceptions of the status of the teaching profession.

Extract from Children, Schools and Families Committee report: Training of Teachers9.13

It is important to understand that such schemes may not always have immediate impact; long-term support and evaluation are needed 
with many of them.

Extract from the Royal Society’s State of the Nation report: 
The UK’s science and mathematics teaching workforce9.14

A range of strategies has been launched to enhance teacher retention. The benefits of these schemes will only be reaped over time 
and, for many, success is dependent upon long-term investment.

In order to provide the next generation of teachers, it is essential that we encourage as many new graduates as possible to go into 
mathematics teaching. The shortage of students willing to do so was recognised in the Smith Report9.15. Until recently, teaching has not 
been seen as an attractive career in comparison with, say, working in the City, and the number of new graduates going into teaching has 
not been sufficient to meet demand. 
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To encourage mathematics undergraduates to give serious consideration to teaching as a career, a number of programmes have been 
set up. These include national programmes such as Teach First, the Undergraduate Ambassadors Scheme and the Student Associate 
Scheme, as well as a number of local schemes centred around particular higher education institutions. 

All of these schemes have programmes in which undergraduates go into schools and receive either financial reward or degree credit. They 
have all proved effective in encouraging more students to go into teaching but all require additional resources to continue9.16, 9.17.

Undergraduates working with schools: 
Bath Taps Into Science

Bath Taps Into Science is an example of a scheme in 
which mathematics undergraduates (in this case from 
the University of Bath) engage directly with young 
people from local schools. Students attending Bath Taps 
gain partial degree credit from designing and running 
mathematics-related exhibitions as part of a hands-on 
science fair attended by about 1000 young people. Both the 
undergraduates and the young people benefit greatly from 
this experience and it is highly valued by their teachers.

Catrin Davies of Marksbury School, Bath says:
 
‘I would like to thank you for the fantastic social and 
educational experiences that the children from my school 
have received over the past six years as a result of Bath 
Taps into Science and hope that we will continue to be a 
part of this event in the future.’

These undergraduates also do a number of other projects 
involving working with schools and young people, including 
mathematics masterclasses and assisting with lessons in both 
primary and secondary schools. Many of the undergraduates on 
this scheme go on to become teachers.

Alison Gross read mathematics at the University of Bath. In her final year she took 
the module entitled ‘Communicating Mathematics’. She says:

A route into teaching

‘During this course I became involved in various outreach activities designed to inspire 
students and show them how enjoyable doing maths can be. The course gave me an 
opportunity to develop my working relationship with children and developed my skills 
in talking to groups of young people and their parents and planning fun mathematical 
activities for large groups. The course gave me a taste of how rewarding teaching can 
be and greatly influenced my decision to go into teaching. After my maths degree I went 
on to complete my PGCE and now I teach maths across Key Stages 3 to 5.’
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The status of being a secondary Specialist Mathematics 
Teacher should be better defined and related to the 
level at which mathematics is being taught. CPD should 
be an entitlement of mathematics teachers and so 
funding for it should be ring-fenced.

More thought should be given to the career structure for teachers in England. Typically a secondary teacher joins the profession after some 
form of initial training and then gets on with the job. The more talented or ambitious become heads of department after some years; there are 
no formal training requirements for this step although some local authorities run courses to help those taking on this responsibility, as has the 
Mathematical Association9.18. Many schools and colleges have also recognised intermediate positions such as the second in the department; 
again there is no formal training for these positions. Some teachers, who see their career progression within mathematics rather than in school 
management, aspire to become Advanced Skills Teachers (ASTs) with responsibilities beyond their own schools.

The status of being a head of department carries recognition within an institution but not nationally. In this, teaching differs from many other 
professions9.19; the status of specialist in the medical profession, for example, is nationally recognised. It is common in other professions for 
a promotion to a higher status to be dependent on passing some qualifying process or examination; consequently professional development 
is built into the career structure9.20, 9.21. We believe that such a structure would give direction to the careers of many of those teaching 
mathematics, improving both motivation and retention, and we recommend that it should be adopted in the teaching profession. 

Such a career structure would require mathematics teachers to undertake regular and appropriate professional development, together with 
an entitlement for them to have access to it; ring-fenced funding would be needed9.22. Professional development should be a career-long 
commitment involving not just external courses but also working in-house with colleagues, for example on how to teach particular topics, so 
that whole departments fulfil their potential. Ensuring the availability and quality of a suitable range of CPD programmes and opportunities, 
open to all markets, is essential. 

Leadership for mathematics professional 
development

The NCETM provides leadership for mathematics professional 
development. Working with partners around the country, it 
has created frameworks for CPD and provides guidance and 
support to teachers and schools wishing to carry out focused 
mathematics CPD. Among other things, regional coordinators 
help facilitate networks of teachers and so stimulate effective, 
sustainable CPD in and between schools.

The new career structure should build on a number of current programmes and initiatives rather than replace them. The Institute of 
Mathematics and its Applications (IMA) confers the status of Chartered Mathematician (C.Math.) and that of Chartered Mathematics 
Teacher (C.Math.Teach.). 

There are a number of current courses designed to improve teachers’ subject knowledge, allowing them to teach at a higher level: for 
example, the Mathematics Development Programme for Teachers (MDPT) run by the Training and Development Agency for Schools 
(TDA)9.23, the Teaching Advanced Mathematics (TAM) and Teaching Further Mathematics (TFM) courses course run by MEI9.24 and the Royal 
Statistical Society’s Certificate in Teaching Statistics9.25. In addition a number of universities run masters courses for teachers which include a 
strong mathematics element. All of these should be encouraged.

At the moment the term ‘Specialist Mathematics Teacher’ can be misleading because it covers people with a wide range of 
expertise. The definition needs to be refined to take into account the level of mathematics being taught. Levels might, for example, 
cover primary schools, Key Stages 3 & 4, A level, and the mathematics in vocational courses.
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Excellent and cost-effective teacher career development
(GCSE to A level)

Simon English (left) and Francis Akhigbe are among the hundreds of mathematics 
teachers whose careers have been transformed by CPD through the Teaching Advanced 
Mathematics (TAM) programme. 

After working as a buyer for a building and civil engineering supplier, Simon re-trained as 
a mathematics teacher and obtained a job in Liverpool. When he joined the TAM course 
he had only a few years of teaching experience. He was very enthusiastic but lacked 
confidence in his ability to teach at the highest levels.

Francis was already an established teacher in a London school. He says: 

‘I saw it as an opportunity to acquire the skills to enable me to teach A level maths in a fun and imaginative manner. 
Although I have a mathematics degree and was therefore familiar with the content of the A level curriculum, I was aware 
from the early periods of my career that there needed to be a shift in my teaching style, compared to the way I was 
taught mathematics, in order to be a successful teacher.’

Both are enthusiastic about the course. Simon says: 

‘The course was challenging and compelling, the discussion and investigation of A level maths and how best to engage 
pupils was fantastic. The level of support provided was excellent, the use of peer teaching provided access to many 
different approaches.’

The careers of both have benefited significantly from taking the course. Francis has now 
become head of department in his school; Simon has been promoted twice and is now 
curriculum leader. Simon says: 

‘The course was the best investment I have made since qualifying as a teacher.’

They are keen to emphasise other positive effects of this CPD. Francis says: 

‘My involvement with the TAM course has been a very positive one. I have had 
the opportunity to share lessons learnt with my students and colleagues. Teaching 
resources supplied by the course have proven to be invaluable to me in my practice 
and are still used in the department today.’

Simon explains that he has become more active in getting students at GCSE to consider ‘the “whys?” and not just the “hows?”’, and 
believes this has contributed to his set getting excellent examination results this year.
 
‘I believe that quality CPD opportunities such as this course are vital to the development of teachers and in turn their pupils.’

Francis has now embarked on a masters degree building on the credit (60 CAT points) he has already obtained through the 
Teaching Advanced Mathematics course. TAM is highly cost-effective compared to equivalent courses.
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Investment in CPD is clearly very important for all teachers, primary and secondary9.26 but the costs involved in providing it externally, both in terms of 
the course costs and the need to provide cover within school, are non-trivial. Mechanisms for enabling teachers to have these opportunities should 
be reviewed in terms of emerging technologies and advancing techniques. One such mechanism that is being developed is that of online training.

CPD online

In the picture, tutor Jo Sibley is running an online tutorial. 
Around the country half a dozen teachers are linked in, sharing 
and discussing what Jo is saying and writing on the shared 
whiteboard to add their contributions to it.

Talking in a recent conference9.27 Sue de Pomerai and 
Sharon Tripconey presented both the advantages and the 
disadvantages of online professional development for teachers 
in comparison with more traditional face-to-face courses.

CPD should not be restricted to following the latest government initiative. There should be scope for creativity and innovation (see Section 2.3) 
and a variety of providers should be encouraged.

Sessions take place outside the school day so teachers do 
not need to miss valuable contact time with students.
Courses are accessible to teachers across the country, providing 
opportunities to participate in professional development activities 
that might not be readily available locally. 
The courses cover the mathematical content of a topic in detail 
and allow time for reflection and consolidation. 
There are no venue, travel or teacher-supply costs.

The advantages

The disadvantages
Some teachers can be deterred by the lack of  
face-to-face contact. 
Some teachers can be worried by using a technology that 
they are unfamiliar with.

Modes of CPD delivery should be reviewed to increase 
opportunity and uptake for teachers at all levels.
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Higher education

Universities should be able to accept all suitably qualified 
students for mathematics degree courses and training to 
become mathematics teachers.

While we appreciate that responsibility for higher education lies outside the remit of DfE, we have a number of 
recommendations concerning higher education that are needed to bring about the changes we seek in schools.

Nearly all of those who take A level Mathematics then go on to higher education, where they take degrees in the full range of subjects on 
offer. A few of these degrees require little, if any, mathematics although arguably some, like law, would benefit from statistics. Most, however, 
do make quite extensive use of mathematics (including statistics) and so those who have taken A level Mathematics are much better 
prepared as a result; the various STEM subjects, like physics and engineering10.1 are particularly mathematically rich. It is estimated that by 
2014 there will be more than two million extra jobs which need the STEM skills taught at universities10.2.

While most university students experience mathematics as a service subject, there are also those who read it in its own right. Although fewer than 1% 
of any age cohort, these students are incredibly important to the nation. Some of them will eventually return to the school system, fulfilling the essential 
role of becoming the next generation of teachers, but this is only one among many routes that, between them, they will follow. The analytical, logical 
and problem-solving skills which are acquired when studying mathematics have made mathematics graduates among the most employable 
of all university graduates and highly sought after in the workplace.

‘The legal sector produces about 2% of UK GDP. The large international law firms, all based in the City, take about 40 to 45 % 
UK non-law graduates with 2.1 degrees or better in their London offices and this has been the case for at least 15 years. Before 
that the percentage of law graduates was much higher. Such firms have always taken a few good graduates doing classics, PPE, 
history and languages. But the change over the last 10 years is in the number of UK graduates we attract who have read science 
and maths subjects. (We find it easy to get such graduates for our overseas offices, which now represent some 50% of our global 
turnover and number of staff, from the best universities in China, Russia, etc but historically it has been more difficult to get them 
in the UK.) 

The reason we particularly favour STEM graduates is because they are bright (the most important factor), they think logically, and 
they question the basis for any statement rather than accept it as correct. It also helps in IT and similar legal areas to have a science 
background. BUT we only take them if they have good communication skills and can express themselves well in English, which is 
obviously pretty important. Some of our very best partners read a STEM subject.’

Sir David Lewis, former Mayor of the City of London10.3

Recruitment to the legal sector
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Type of employment undertaken by mathematics graduates, 200810.4

Mathematics is one of the greatest creations of the human mind and plays a vital role in our culture and civilisation. Many people’s 
enjoyment of it derives from a love of the subject, its challenges, beauty and elegance, rather than considerations of how useful their 
work may turn out to be and ideas that have later turned out to have world-changing consequences were often originally developed 
entirely in the abstract.

Some graduates stay on at university to carry out research, creating the mathematics of the future. Nearly all of the modern advances in 
mathematics, with many practical applications, have arisen from curiosity-driven research in universities. However, there are also many 
researchers in higher education who work closely with industry, and their knowledge of mathematics is continually transforming the world 
that we live in. When young people are introduced to such ideas, they can be inspired and want to study mathematics themselves10.5.

The health of university mathematics departments is, thus, essential to the well-being of the subject in our schools.

Year

Acceptances

2003

4366

2004

4778

2005

5263

2006

5412

2007

5915

2008

6403

2009

6908

2010

7276

The table below shows the increasing demand to study mathematics in higher education over recent years. The source of the data is 
UCAS and the figures are the numbers of students accepted for mathematics degrees (UCAS classification G1) from 2003 to 2010.

Over this period, the numbers of acceptances are very highly correlated to the corresponding numbers taking A level Mathematics  
(r = 0.972) and even more so for Further Mathematics (r = 0.982). However, against this backdrop of rising numbers taking A level 
Mathematics and Further Mathematics, student places to do mathematics degrees are now being capped and departments heavily fined 
if they exceed their quota of places.

It should go without saying that higher education institutions should continue to be allowed to take on all suitably qualified school 
leavers. Otherwise, many of our recommendations for improving mathematics in schools would become meaningless.

1.2%

37.4%

7.8%

9.5%

1.8%

0.3%

6.4%

2.3%

1.1%

0.9%

3.4%

4.6%

8.1%

7.8%

7.8%

Mathematics lies at the heart of all of the new emerging 
technologies and the mathematical ideas currently 
being developed in our universities will be the driving 
force behind the technology of the 21st century. It is 
essential that we train our most talented young people 
to use mathematics creatively.

The internet: A vast network, regulated  
and decoded using mathematics

They provide many of our future teachers, particularly at secondary level.
They inform and help to guide the mathematical subject matter in the curriculum taught in schools.
They enrich the teaching of mathematics at all levels.
They train the mathematicians of the future, including those working in industry and business, providing role models to inspire 
young people.

Arts, design, culture and sports 

Business and financial 

Commercial, industrial and public sector managers

Education 

Engineering

Health

Information technology

Marketing, sales and advertising 

Scientific research, analysis and development

Social and welfare 

Other professional and technical occupations

Numerical clerks and cashiers

Other clerical and secretarial occupations

Retail, catering, waiting and bar staff

Other occupations
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All university mathematics departments have benefited from the increased numbers of A level Mathematics and Further Mathematics 
students, as have those in other departments offering degrees in STEM subjects. We believe that the time is right for more university 
mathematics departments to be including Further Mathematics in their offers and that all departments offering degrees in the other STEM 
subjects should be specifying A level Mathematics in their requirements, if they are not already doing so. This will further stimulate the 
uptake of mathematics in schools and colleges.

In the same vein, more (non-STEM) university departments should be asking for AS Mathematics; others should be increasing the required 
grade in mathematics, particularly at GCSE.

University mathematics:  
Selecting the best students

The mathematics courses at University College London (UCL) are 
demanding, teaching mathematical abstraction and rigour from the 
very start. However, they are very popular with students, with over 
ten applications for each of the around 150 places available and 
significant numbers of applications from Europe and further afield. 
As admissions tutor for mathematics, Robert Bowles has the job of 
trying to recruit exactly the target number of undergraduates each 
year to meet their quota. He says:

‘We are also a relatively small department of about 35 staff and this popularity has led to large levels of over-recruitment 
in recent years, with potential impacts on the student experience and the research environment for staff, both of which 
require careful management. Thus our admissions strategy has been required to become more selective in terms of 
who receives offers and the offers themselves have become more demanding, while still aiming to meet the access and 
widening participation aims of the department and of UCL. 

For applicants taking A level we have asked for AAA grades for several years and for entry in 2008 we started to insist 
on two full mathematics A levels from our applicants, at grade A. The Further Mathematics Support Programme was vital 
in giving us the confidence to do this and we host one of the London centres in the department. Despite these steps the 
entry in 2009 was 20% over target numbers.

However, although one aspect of an admissions strategy is to recruit the right numbers of students, a second, and 
probably more important, is to recruit the right kind. Success in mathematics at university requires analytical thinking, 
problem solving, perseverance and careful argument and I really want to select students with these skills and attributes.’

University departments offering degrees in STEM 
subjects should consider increasing the level of 
mathematics in their offers and in the advice they 
provide to applicants.

Recommendation from The Sir Richard Sykes Review10.6

All higher and further education institutions should publish clear and specific information on the qualifications they accept and prefer.
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As a matter of urgency, steps should be taken to ensure 
that all those entering degree courses that involve 
mathematics (including statistics) are provided with 
suitable mathematics qualifications beyond GCSE. 
The costs, financial and human, hidden in the present 
inadequate provision need to be understood.

Much of the mathematics learnt in universities is not taken for its own sake but in support of other subjects. The requirements vary from the 
pure mathematics and mechanics in many physics and engineering degrees through to statistical techniques in most branches of social 
science. In many cases, students are required to carry out particular types of calculations, but need background knowledge well beyond 
GCSE mathematics in order to understand what they are doing. Increasing mathematical demand in most academic disciplines is an 
international trend and so not something that any university can avoid if its degrees are to be valued.

However, in this country most new undergraduates arrive at university having taken no mathematics since GCSE two or more years 
previously. Even if they remembered all the mathematics they once knew, it would be inadequate but, in practice, much of it has often been 
forgotten anyway. Recommendation 7.1, in which we urge that mathematics should be compulsory for all students to the age of 18, 
is designed to rectify this situation.

The inadequacy of our provision is illustrated in the chart10.7 below. This shows the percentages of those starting different degree courses in 
2009 who had taken A level Mathematics. It covers only those who have come through the A level route so those with other qualifications, 
such as BTECs, Scottish Highers and overseas qualifications, are not included.

This chart shows that the present provision and uptake of post-16 mathematics is inadequate, even for STEM subjects; 20% of 
engineering students, 37% of chemistry students and 62% of computer science students entered university in 2009 without an adequate 
mathematics background.

However, important though they are, it is not only STEM subjects that need to be considered. The requirements of other subjects vary from 
the pure mathematics needed for economics to the statistics and related quantitative methods needed for social sciences. For example, 
psychology degrees require a substantial amount of statistics but 89% of those who started such courses had not done A level Mathematics. 
We are not suggesting that A level Mathematics is necessarily the most appropriate preparation for such students, although it would be 
much better than the present GCSE Mathematics (forgotten) with which most arrive at university; other courses are needed as well. AS 
Mathematics should be seen as a valuable qualification in its own right.

Have done A level
Mathematics

Have not done A level
Mathematics
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The inadequacy of the mathematics provision in our schools and colleges places universities in a difficult position. Even though they 
would like to make an A level in mathematics (or its equivalent) a condition for entry for many courses, they know that if they were 
to do so, it would be difficult for them to fill their places because there are nowhere near enough students leaving school with this 
level of mathematics. If more universities were to require mathematics, this would in turn fuel the demand for mathematics 
qualifications in pre-university education – a virtuous circle. But appropriate mathematical qualifications need to be available.

In many subjects it is common for universities to run supporting mathematics courses to make up the deficit. Not only do these 
courses cost money to staff but they take time away from the main degree programmes. In addition, most universities run drop-
in centres where remedial help is provided in mathematics.

Mathematics presents a major obstacle to many students in their chosen subjects. Problems with it are a common cause of 
failure, dropping-out or general disaffection. There is, thus, a considerable human cost attached to failing to provide young 
people with the necessary background while they are still at school or college. There is, however, also a financial cost; over the 
years, the tax payer has invested a considerable amount of money in every university student.

Many students manage to struggle through and obtain degrees without ever making up the mathematics deficit with which they 
entered university. The problem is then passed on to employers. Complaints about the poor standard of mathematics of new 
graduates are frequently heard. Companies have to bear the hidden costs of staff who are not as proficient as they should be, 
and these can include a loss of competitive edge in the global market place10.8.

‘I teach physical chemistry to first-year undergraduates. Around a third of my students do not have A or AS level 
Mathematics – and it shows. It isn’t just about understanding essentials like logarithms and calculus: it’s about 
confidence and speed in using quite simple mathematical operations such as changing the subject of a formula.’

Professor Sir John Holman, University of York
Former government Chief Adviser on Science Education10.9

‘Far too few of the students who study social science at university have studied maths after age 16. Such study 
would build greater confidence in applying their maths knowledge and keeping it fresh. Students able to deal with  
fractions, decimals, powers and simple algebra have a key foundation for building a much richer understanding of the 
social sciences.’

Professor John McInnes, University of Edinburgh Strategic Advisor to the Economic 
and Social Research Council on undergraduate teaching of quantitative methods10.10

Views from Higher Education

We find it hard to believe that this situation, in which large numbers of students are systematically under-prepared for their degree 
courses, has been allowed to arise and see it as a matter of extreme urgency that steps are taken to address it. At the moment all those 
involved are losers: students, universities and the country as a whole.

The absolute priority must be to increase the number of students taking mathematics post-GCSE. It is for this reason that we advise, at 
least in the short to medium term, against making A level Mathematics harder or less accessible. That would make a bad situation worse. 

A much better way to ensure the mathematical quality of our best students is to encourage them to take Further Mathematics.

There are huge costs associated with the inadequacy of the present provision. They are of three types.
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Government agencies

The recommendations in this report will require substantial curriculum development. 

The 1960s saw a boom in curriculum development in mathematics, science and technology. Groups came together to write their own 
syllabuses for CSE, O level and A level qualifications and many of them produced associated teaching materials and textbooks; assessment 
was carried out by the examination boards. As a result of this process, school syllabuses became more up-to-date and interesting; teachers, 
universities and employers were all involved. The process breathed life into our schools and colleges.

Several of these syllabuses were highly respected around the world. Those produced by the School Mathematics Project (SMP) were 
particularly influential in several African countries and the Far East.

Some of these syllabuses disappeared fairly quickly but a healthy diversity remained for many years. That, however, is no longer the case. 
There has been a progressive shift of influence and ownership away from subject communities towards regulatory authorities. Mathematics 
syllabuses for GCSE and A level have now become so prescribed in style and content that innovation and curriculum development have 
become almost impossible, this is also true of primary mathematics schemes. The best that can be achieved is variation in the assessment 
arrangements. Routes are no longer open for universities or employers to bring their expertise and experience to bear on these qualifications. 

The situation is made worse by restrictions on the examination boards on the number of syllabuses they are allowed to offer. In these 
circumstances, most of the valuable and innovative syllabuses provided by external bodies have been lost; in mathematics only the MEI 
syllabuses are left.

The process for developing general qualifications has now been reduced to government agencies deciding the content and instructing 
the examination boards to produce schemes of assessment for it, subject to blanket rules. The idea that the content and its assessment 
should reflect good teaching practice, the way the subject is developing and the needs of employers and higher and further education has 
effectively been lost. In our view, this has impoverished existing qualifications and does not provide a way to proceed with new qualifications.

Our recommendations are designed to make it possible for the necessary curriculum development to occur and to be of high quality. 
 

The examination boards should be required to offer a 
number of syllabuses designed by responsible external 
bodies and consortia.
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Ofqual

Ofqual is responsible for accrediting qualifications and ensuring that they represent reliable and consistent levels of attainment11.1. However, 
we have concerns about three related aspects of Ofqual’s operation: accountability, remit and methodology.

At many places in this report, but particularly in Section 7, we have emphasised the need for mathematics education to respond to changes 
in our economic and social environment. The ongoing process of understanding national needs and keeping our mathematics provision up 
to date with them requires input from a much wider cross-section of society than a narrowly-focused body such as Ofqual. We do not believe 
that the present arrangements can result in high-calibre qualifications.

Accountability
Ofqual was set up as an independent body. It is thus accountable neither to the government nor to subject communities but at the same time 
its role in accrediting qualifications gives it enormous power over policy. It can block or undermine new initiatives and in the short time that it 
has been in existence has already shown a willingness to do so, disallowing potentially valuable mathematics qualifications that do not fit in 
with its general regulations. 

Many of the overarching issues referred to in this report arise through the work of government agencies and the centralised culture that 
has developed within them.  

Education is an essentially human activity. Its outcomes are the knowledge, skills and attitudes acquired by young people. Successful 
teachers motivate and inspire their pupils through their ability to communicate their enthusiasm and knowledge. Many excellent teachers 
need the freedom to innovate. This does not fit well with the recipe of procedures and tick boxes that they are now expected to follow.    

Until 2006, QCA had a well-respected mathematics team. However, at that time it was decided that they did not need subject 
expertise and the team was disbanded. Thus QCA was left with almost no specialist expertise in mathematics (or, indeed, in other 
subjects) and a senior management that believed such expertise was unnecessary. We believe this was a very serious mistake; 
it seems manifestly obvious that the body responsible for the school curriculum should have expert knowledge of the various 
subjects involved and their particular requirements.

In the absence of subject expertise, QCA promoted a policy of ensuring that all subjects conformed to the same rules. Since, for reasons given 
earlier in this report, mathematics is very different from other subjects, it was affected particularly badly.

In 2010, QCA was split into two bodies, QCDA and Ofqual. The decision has now been made to close QCDA and so thought needs to be given 
as to who will best carry out the following tasks that were allocated to it.

Following the split, QCDA was responsible for curriculum development, including setting criteria for qualifications, and Ofqual for stand-
ards and regulation, including approving the examination boards’ specifications (i.e. syllabuses) for qualifications. This placed QCDA in 
the middle ground between the examination boards and the regulator; it is not clear to us that any useful purpose is served by such an 
intermediary body.

If the recommendations in this report are implemented, major curriculum development work will be needed in the coming years; in our 
view, this would be better led from within the mathematics community rather than by a government agency.

A further role carried out by QCDA was to provide advice on mathematics issues to the government and the Department for Education.

As a subject of critical importance, mathematics 
qualifications should be exempt from general 
regulations; they should be accredited on the basis 
of national needs.
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For example, GCSE Use of Mathematics (which would have been exceptionally useful for very many post-14 and post-16 students) 
was rejected in 2010 by Ofqual as it did not match statutory regulations; specifically that ‘the subject matter of GCSEs must compare in 
substance and range to other GCSE subject criteria published by the regulatory authorities for other subjects … and be consistent with 
the statutory programmes of study within the National Curriculum where they exist’11.2. This is a very clear example of why mathematics 
must be identified as a critically-important subject and be taken out of these blanket regulations which apply to all subjects (see Section 
1). This is hindering progress at all levels.

We find it unacceptable not only that Ofqual should see upholding such regulations as more important than fostering good teaching and 
learning of mathematics, but also, critically, that there should be no effective mechanism for holding it to account for doing so.

Another example of such a regulation is a quite unnecessary rule that any unit (or module) may have only one mode of assessment; 
thus a mathematics unit may be 100% examination or 100% coursework (or controlled assessment) but it may not contain a 
mixture11.3. This precludes a model, which has a proven record of success in mathematics, where most of the assessment is done by 
examination but students also do some coursework as part of learning or reinforcing particular aspects of the course, for example 
using computers for the numerical analysis elements of A level. This restriction is undermining the design of several qualifications, 
and, if continued, would ensure a reduction in quality in A level Mathematics and Further Mathematics when they are next accredited. 
A further reason why mathematics must be free from these blanket regulations.

Remit
As part of its remit, Ofqual has five Standards Objectives11.4. These are flawed because they refer only to reliability and not to validity. (An 
examination is reliable if it produces consistent outcomes over time and they are independent of its markers, but to be valid the questions 
must be assessing the right things.) Many really important aspects and ideas in mathematics cannot be assessed by examination only, for 
example sampling and data collection in statistics, mathematical modelling, numerical analysis, extended problem solving and appropriate 
use of computer software. Although these are written into the learning outcomes of many qualifications, neither Ofqual’s remit nor the 
present regulations ensure that they are assessed other than superficially. 

Lack of validity in present qualifications lies at the root of many complaints from both employers and those in universities, but Ofqual is not 
accountable to them. 

Methodology
Both performance tables and the UCAS tariff are based on the assumption that all subjects are of equal demand at any grade. However, we 
have already commented on the lack of comparability between subjects, as illustrated by the graph on page 73. This casts doubt on whether 
Ofqual, following on from its predecessor body QCA, has a valid methodology for ensuring standards across subjects11.5,10.6. 

This raises the critical questions of whether Ofqual’s methodology for ensuring standards can be relied on within subjects and over time. 

This uncertainty should not be allowed to continue. There should be an open and independent review of Ofqual’s working methods and this 
should also address the question of whether the concept of a regulatory body is a viable one. 

Extract from the Wolf report11.7

In recent years, both academic and vocational education in England have been bedevilled by well-meaning attempts to pretend that 
everything is worth the same as everything else. Students and families all know this is nonsense.
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The examination boards should be accountable to a 
Mathematics Steering Committee drawn from stakeholders 
including the mathematics subject community, employers, 
higher and further education and the government. 

The three English examination boards are now in the position of offering essentially the same syllabuses in competition with each other. 
Performance tables put heads of department in schools and colleges under pressure to choose the easiest and so the scene is set for 
a downward auction among the boards as to who can set the easiest papers and so improve market share. Whether or not this actually 
occurs, there is widespread belief that it does11.8.

Ensuring that all syllabuses are of the same standard is Ofqual’s responsibility but, with no dedicated mathematicians on their staff, they 
are not in a position to do this. As already stated, the judgements involved require a depth of mathematical understanding that cannot be 
replaced by ticking a list of boxes. Those without adequate subject knowledge are unable to make decisions about the quality of questions 
and the answers to them.
 
Clearly a major change is needed.

Proposed Accountability Structure  
for Qualifications

Secretary of State

National Mathematics Steering Committee

Awarding Consortium

Qualifications

Students

Suggested model of accountability

We put forward a suggested model in which the examination boards 
could collectively take responsibility for setting and maintaining their 
standards and for ensuring that they all work to the same standards. 
They would also be responsible for syllabus accreditation. 

The examination boards have plenty of subject expertise among their 
full-time employees and teams of paper setters and so would be well-
placed to determine common standards.They would work together as 
an Awarding Consortium.

This procedure is comparable to that used by universities. They 
have no equivalent of Ofqual but use external examiners, drawn 
from other universities, to ensure their standards.

The operation of the Awarding Consortium would require supervision 
and this could be done through a strong mathematics steering 
committee, drawn from the subject community, employers and other 
stakeholders, including the government. This committee would be 
accountable to the Secretary of State.

This arrangement would confirm the special position entrusted to the examination boards by the nation. By acting collectively they would ensure 
public confidence in themselves and in the qualifications they award.

We believe this proposal would result in more robust regulation and at a fraction of the cost. 

Taken together with Recommendation 11.1, about curriculum development, we also believe that it will result in higher quality and 
more up-to-date syllabuses that are better informed by the ways mathematics is used in the outside  world and that will do more to 
foster good teaching.
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The new Ofsted Framework must ensure that the quality of 
mathematics education is inspected and reported fully in 
all primary and secondary schools. Each inspection team 
must contain at least one inspector who is qualified to 
inspect mathematics.

It is vital that mathematics, as a critically-important subject, is inspected so that there is an independent and detailed understanding of 
the quality of mathematics education in every school.

Ofsted was established by the Education (Schools) Act in 199211.9. Since then the Ofsted Framework11.10, which outlines the statutory 
requirements for inspections, has undergone a number of revisions. Their cumulative effect has been to move the focus of inspection away 
from the classroom and towards the general school environment, covering areas such as ‘community cohesion’ and ‘well-being’. The current 
Ofsted Framework (2009) covers too many aspects of a school and the emphasis on inspecting and reporting mathematics (like all other 
subjects) has been drastically reduced.

This drastic reduction in judging the quality of mathematics education in each school is illustrated in the following summary of inspection 
judgements for Primary School A and Secondary School B when comparing their last two Ofsted inspections11.11.

For Primary School A in 2001 there were clear judgements about all aspects of the quality of mathematics education. In 2009, 
inspectors gave no judgements for standards in Key Stage 1, the quality of teaching or the effectiveness of leadership and 
management.

For Secondary School B in 2003 there were clear judgements about all aspects of the quality of mathematics education. In 
2009, inspectors gave no judgements for standards in Key Stage 3, the quality of teaching or the effectiveness of leadership and 
management.

Ofsted reports: changes in the judgements made about mathematics after reports

Primary School A

Standards

Progress

Teaching

Leadership/
Management

2001 20032009 2009

Secondary School B

KS1: Average
KS2: Average

A level: Average
Current Year 13: High
Further Mathematics: High

KS1: Satisfactory
KS2: Good

KS1: Satisfactory
KS2: Good

KS1: Satisfactory
KS2: Good

KS1: No judgement
KS2: Above average

Good

Good

Very good

Very goodNo judgement No judgement

No judgement

KS4: Above average

No judgement No judgement
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In summary, a typical inspection report written ten years ago contained a more complete analysis of the quality of mathematics in each 
school. An inspection report using the current Ofsted Framework lacks the same detail and, critically, often does not provide enough 
information about mathematics to show schools how to improve. The inspection process currently suffers from tick-box mentality11.12.

The task force welcomes the current proposals for a new Ofsted Framework for January 2012 which will streamline the inspection process 
and have a greater focus on classroom observations. Although this includes a strong focus on the standards of ‘Numeracy’ in primary 
schools, we would strongly recommend that there is also a strong focus on mathematics in secondary schools.

As well as the current Ofsted Framework not reporting enough detail about the quality of mathematics education, the task force received 
comments from schools concerned about the lack of specialist mathematicians on inspection teams. These concerns were also raised in the 
evidence received by the Cambridge Review11.13 which described the variability of inspectors and doubted the ‘competence’ of inspection teams.

It is felt by many that inspectors have become more concerned with checking a school’s compliance against the latest government 
initiative and advice11.14, 11.15.

The frustration felt by teachers can be sensed in the following comment to the task force.

With the publication of the new Ofsted Framework it is a matter of urgency that the expertise of inspectors for inspecting mathematics 
is improved for both primary and secondary school inspections – there should be at least one inspector who is qualified to inspect 
mathematics on every team.

‘I am all in favour of accountability but the modern teacher seems to spend an inordinate amount of time on justifying themselves 
or learning the latest Ofsted-inspired teaching methods rather than simply teaching.’

Teacher, Years 7–13

Typical comment about inspections from a teacher to the task force
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General Certificate of Education
General Certificate of Secondary Education
Higher Education
Her Majesty’s Inspectorate
International Association for the Evaluation of  
Educational Achievement
Institute of Engineering and Technology
Institute of Mathematics and its Applications
International Mathematical Olympiad
Initial teacher training
Joint Council for Qualifications
Mathematics Specialist Teacher
Mathematics Development Programme for 
Teachers
Mathematics in Education and Industry
Middle Years Information System
Masters in Teaching and Learning
National Centre for Excellence in the Teaching  
of Mathematics
Newly-Qualified Teacher
Ordinary level General Certificate of Education
Oxford, Cambridge and RSA Examinations
Organisation for Economic Cooperation and  
Development
Office of the Qualifications and Examinations 
Regulators
Office for Standards in Education
Post-Graduate Certificate of Education
Programme for International Student Assessment
Qualifications and Curriculum Authority
Qualifications and Curriculum Development Authority

Qualified-Teacher Status
Realistic Mathematics Education
Standard Assessment Test
School-centred initial teacher training
School Improvement Partner
School Mathematics Project
Science, technology, engineering or mathematics
Teaching Advanced Mathematics
Training and Development Agency for Schools
Trends in Mathematics and Science Study
Universities and Colleges Admissions Service

Appendix C:  Glossary




