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Abstract
This paper considers the current and future landscape of post 16 mathematics, including: the implications of the Smith Review of Post 16 Mathematics; the recent reforms in mathematics qualifications in the sixth form; and the policy priorities on which all this is based. The paper considers the likely impact on HE for programmes with a mathematical or quantitative component, including those in mathematics or related disciplines.

1. Introduction
The Review of Post 16 Mathematics (Smith, 2017a) undertaken by Professor Sir Adrian Smith included a series of recommendations which are highly significant to Higher Education (HE). The Review highlighted the importance and value of mathematical and quantitative skills to students in a wide range of disciplines. In this paper we examine the post 16 mathematics landscape, and policy, pre- and post-Review.
A number of reforms were in place, or in train, prior to the Review, including: the revised content published by the Department of Education (DfE) for AS/A Levels in Mathematics and Further Mathematics (DfE, 2014a,b) following the recommendations of the A Level Content Advisory Board (ALCAB) (ALCAB, 2013, 2014a,b,c); the introduction of a new suite of Level 3 qualifications - Core Maths (DfE, 2014c), (CMSP, 2017a), (DfE, 2015); and a requirement for students who do not achieve a grade 4/grade 5 at GCSE to continue to study it (DfE, 2016a).
In respect of the last point, however, the Secretary of State has recently confirmed (DfE, 2017a) a change to the planned policy of moving to a grade 5 required for condition of funding for those in post 16 education, stating that “Under the new system, a grade 4 and above will be equivalent to a C and above. This is - and will remain - the level that pupils must achieve in order not to be required to continue studying English and maths post 16. Therefore, a GCSE pass at new grade 4 will continue to have real currency for individual pupils as they progress to further study and employment. Where employers, FE providers and universities currently accept a grade C we would expect them to continue recognising a grade 4.”)
The reformed A Levels in Mathematics and Further Mathematics have four associated specifications, offered by three Awarding Organisations (Examination Boards), for first teaching from September 2017. Core Maths qualifications were awarded for the first time in 2016. Both Level 3 qualifications – AS/A Level and Core Maths - were designed to meet the needs of many stakeholders, with HE being the primary one, but by no means the only one.
With the publication of the Review, this paper will discuss the importance of these reforms to, and likely impact on HE, in the light of Review’s recommendations which reaffirms existing policy on the desirability of increasing participation in Level 3 mathematics. By examining the key features of the range of qualifications available across the post-Review landscape, the paper will make the case for the relevance and value of these qualifications to the vast majority in HE.
This will include a discussion on the importance of the three ‘Overarching Themes’ in the Content Document for the reformed AS and A Levels: mathematical argument, language and proof; mathematical problem solving; mathematical modelling; together with a strong emphasis on the use of data in statistics, and use of technology. The paper concludes with a discussion on the importance of the three Qualification Objectives in the Technical Guidance for Core Maths qualifications: deepen competence in the selection and use of mathematical methods and techniques; develop confidence in representing and analysing authentic situations mathematically and in applying mathematics to address related questions and issues; and build skills in mathematical thinking, reasoning and communication.
The paper makes clear, from an HE perspective, the most important features of the various AS and A Level Mathematics and Further Mathematics qualifications, and Core Maths qualifications, which are on offer from the different Awarding Organisations.

2. Smith review of Post 16 Mathematics and Building our Industrial Strategy Green Paper
[bookmark: _Ref473034950]The March 2016 Budget Statement published by HM Treasury (HMT) (HMT, 2016) states that the Government will:
“ask Professor Sir Adrian Smith to review the case for how to improve the study of maths from 16 to 18, to ensure the future workforce is skilled and competitive, including looking at the case and feasibility for more or all students continuing to study maths to 18, in the longer-term.”
The Review was prompted by two related issues (Smith, 2017b,c):
“the increasing importance of mathematical and quantitative skills to the future workforce”
“by comparison with competitor economies, the low percentage of students in England continuing mathematics post 16”.
and in the context of the Review:
“the case for and feasibility of all students continuing some form of mathematics until 18 – mathematics being interpreted in its broadest sense, including basic quantitative skills, statistics and data analysis.”
Much of the Review encompasses the interests and requirements of HE; indeed, given the importance of mathematical and quantitative skills to many programmes in HE, and the importance to the UK economy of having highly-skilled graduates from these programmes, the outcome of this review will have a significant impact on HE.
Further, the recent Green Paper (HMG, 2017) makes clear the importance mathematics to the UK’s Industrial Strategy:
“Developing skills – we must help people and businesses to thrive by: ensuring everyone has the basic skills needed in a modern economy; building a new system of technical education to benefit the half of young people who do not go to university; boosting STEM (science, technology, engineering and maths) skills, digital skills and numeracy; and by raising skill levels in lagging areas.”
and particularly that increasing participation in Level 3 mathematics is essential:
“Professor Sir Adrian Smith’s review of post-16 mathematics has identified that one factor contributing to the shortage of STEM skills is the take up of advanced mathematics qualifications, including A level mathematics, further mathematics and core mathematics [Core Maths].”
“Professor Sir Adrian Smith’s independent review of post-16 mathematics will propose measures to improve take up of mathematics and close large regional imbalances in take up of advanced mathematics.”
Current policy is consistent with this overall aim with clear guidance to schools and colleges (DfE, 2016b):
“In most other advanced economies, the study of maths is the norm for students within their 16 to 19 education. Students who have already achieved GCSE A*-C should be encouraged to study maths at level 3 in the light of the value placed on this by employers and HE institutions.
Awarding organisations have introduced new ‘core maths’ qualifications at level 3 which will build on GCSE study. The focus of these is on problem solving, reasoning and the practical application of mathematics and statistics. These new qualifications have been designed with the support and help of employers and universities and suit students with a range of pass grades at GCSE maths.”
This is backed up by Level 3 accountability measures (DfE, 2017b):
“The measure will show the percentage of students who achieved GCSE maths (at A*-C) at the end of key stage 4, who have gone on to achieve an approved level 3 Core Maths qualification, maths AS or A Level, or an International Baccalaureate level 3 maths certificate.”
The implications for HE in the Post 16 review are clear, including the risks associated with existing policies on funding (or lack of it) for existing pathways relevant to HE – there are corresponding recommendations in the Review to the Government, HMT and DfE to address this (Smith, 2017b,c):
“There is another crucial factor in participation and that is the choices made by schools and colleges on what to offer and deliver.
Clearly, this will be influenced by teacher supply and quality, and the incentives available for recruitment and retention; but another major factor is the funding formula used to calculate the flow of funds from the DfE to individual schools and colleges and the incentives and disincentives this creates for institution managers in what to offer to students.
A combination of changes to A levels (‘decoupling' of AS) and to funding (per student rather than per qualification) are combining to present, what many consulted during the course of the review see as, serious risks to the provision of AS/A level further mathematics.
In addition, the new Core Maths qualifications, seen by many as a fundamentally important way of encouraging greater post-16 participation, are studied as an addition to a student's main programme. The current funding model does not incentivise core maths provision, despite widespread enthusiasm for this pathway.
My report stresses that is important for the government to ensure that funding models for schools and colleges do not lead to unintended financial disincentives for mathematics provision.”
Additionally, the Review makes clear in its recommendations the role that HE has to play in the wider context (Smith, 2017b,c):
“The availability of an appropriately rich set of pathways post-16 is clearly necessary but doesn’t solve the problem unless we encourage and ensure increased participation. And a crucial element of this relates to the signals sent by employers and by higher education in terms of entry requirements to jobs and to courses.
There is also the issue of providing appropriate information and careers guidance to young people, as well as changing the general cultural attitude to mathematics that is so pervasive in the UK.
Encouraging students to make informed decisions in choosing to continue with mathematics post-16 is critical. But there remain significant challenges in getting good information to young people to inform their subject and life choices. I have proposed that priority be given in careers advice to making clear right from the primary stage the importance of mathematics to a wide range of future careers.
But schools and colleges are also heavily influenced by entry requirements set by universities and higher education has a role to play by better signalling and recognising the value of continuing with mathematics post-16 as a qualification for entry to undergraduate courses with a significant quantitative element.”
In terms of those available pathways:
“we are all familiar with the GCSE and A-level landscape, perhaps less so with the new recently introduced pathway of Core Maths, designed to better engage students who are more motivated by contextualised problem solving than by material presented more abstractly as in conventional AS and A levels.”
We now consider the reforms in post-16 mathematics provision and the relevance of these to HE, by examining the structure and content of the new A levels in Mathematics and Further Mathematics, including the emphasis on problem solving, and compulsory elements in mechanics and statistics. We also consider the new Core Maths qualifications, including discussion of how Core Maths fits into the HE landscape.
These reforms of Level 3 mathematics will have significant impact on and benefit to HE, particularly for programmes in mathematics and statistics, as well as in STEM (Science, Technology, Engineering, and Mathematics) subjects more generally, and of course other users of mathematics and statistics in business, health, and social sciences, and many more besides.
It is therefore essential that HE fully understands the nature and purpose of these reformed and new Level 3 qualifications in order to take full advantage of the opportunities on offer, and to be able to a fulfill their role “by better signalling and recognising the value of continuing with mathematics post-16 as a qualification for entry to undergraduate courses with a significant quantitative element” as recommended in the Post 16 Review (Smith, 2017b,c).

3. AS and A levels in Mathematics and Further Mathematics
In December 2014 the DfE published Subject Content in AS and A level Mathematics and Further Mathematics for first teaching in 2017 (DfE, 2014a,b), accepting in full the recommendations of the A Level Content Advisory Board ALCAB (ALCAB, 2014a,b,c) which was established “to review the content of A levels in Mathematics and Further Mathematics, and provide advice to the Government’s Department for Education (DfE) and to the Office of Qualifications and Examinations Regulation (Ofqual) on the content for preparation for the leading universities” (ALCAB, 2013). ALCAB’s primary aim was “to provide modern A levels that: contain the necessary material; will be interesting to learn and teach; and will serve HE and employment” (ALCAB, 2014a).
That last part is crucial and acknowledges the very wide group of end-users of both AS and A level Mathematics and Further Mathematics. ALCAB argued that “Meeting the concerns of both groups of end-users is difficult to achieve within a single A level; some would argue that their needs are mutually incompatible. However, we believe that the existence of further mathematics qualifications makes it possible to design a provision that addresses both.” (ALCAB, 2014a). ALCAB sought to develop A levels whose main aims are to: “build from GCSE; introduce calculus and its applications; emphasise how mathematical ideas are interconnected; show how mathematics can be applied to model situations mathematically; make sense of data; understand the physical world; solve problems in a variety of contexts; and, above all, prepare students for further study and employment in a wide range of disciplines.” (DfE, 2014a).
To achieve these aims ALCAB recommended that the content of the single mathematics A level be fully prescribed (ALCAB, 2014a). This would ensure all students had covered the same content, from which they could build upon with some degree or reliability in HE or employment. It also allowed two of the fundamental applications of mathematics, statistics and mechanics, to be introduced. It was also highly desirable to go into considerable detail with the recommended content, which is lacking in the current content.
In terms of the subject content, the major change from existing AS and A levels, is in statistics. The recommendation is for greater use of real, large data sets, and that this should permeate the teaching, learning and assessment, with more emphasis than currently upon understanding, interpretation of data and making inferences from data. This shift of emphasis should be of benefit to many end-users.
Beyond the detailed subject content, ALCAB wished to establish an ethos to the new A levels, and these are exemplified in three ‘Overarching Themes’ (OTs) that encapsulate the knowledge and skills that students should be required to demonstrate:
OT1 Mathematical argument, language and proof;
OT2 Mathematical problem solving;
OT3 Mathematical modelling;
and that these must be applied, along with associated mathematical thinking and understanding, across the whole of the detailed content (DfE, 2014a,b).
It is important for undergraduate programmes in mathematics, but also for the wider group of end-users in HE, that mathematics is not just seen as a collection of techniques to be mastered. The OTs should permeate the teaching of the subject content, so that ‘the whole is more than the sum of its parts’.
Subsequently the various Awarding Organisations have developed new specifications, with associated Sample Assessment Materials (AQA, 2017), (OCR, 2017a,b), (Pearson, 2017). These qualifications are regulated by Ofqual, and given the importance of assessment to these reforms, the conditions and requirements that these must satisfy in order to be accredited are critical. These regulations require assessments for A level Mathematics to be meet the following weightings within the named Assessment Objectives:
AO1 Use and apply standard techniques (50%);
AO2 Reason, interpret and communicate mathematically (25%);
AO3 Solve problems within mathematics and in other contexts (25%);
with additional exemplification given for each AO available (Ofqual, 2016a,b,c,d). Clearly AO2 and AO3 map onto, respectively, OT1 and OT2. (There are corresponding different weightings for AS level Mathematics, and AS and A level Further Mathematics.)
Crucially, there are additional guidelines for the Awarding Organisations (Ofqual, 2015), particularly in respect of mathematical problem solving which is integral to these reforms. For example, some attributes of assessment that a problem solving task might include:
“there is little or no scaffolding;
the mathematical process(es) required for the solution is not explicitly stated;
there are multiple representations;
the information is not given in mathematical form or in mathematical language;
there is a choice of techniques to be used;
the solution requires understanding of the processes involved rather than just application of the techniques;
two or more mathematical processes are required, or different parts of mathematics may be required to be brought together to reach a solution.”
All of these attributes will resonate with those teaching in HE as being key to mathematics.
Further details and a comprehensive overview of the reforms to AS and A levels in Mathematics and Further Mathematics can be found in Glaister (2017).
The realisation of ALCAB’s intentions through good teaching and learning should bring substantial benefit to all end-users, including HE students in STEM and other disciplines.
HE should be well-provided for in the medium term in respect of students taking AS and A level Mathematics (and Further Mathematics) where this is required or preferred for relevant programmes. But this is far from the complete picture.
Since 2010 many influential reports have concluded that the UK needs substantially more students continuing with mathematics post-16 and that neither AS and A level mathematics are appropriate to be able to fill this need (Hodgen et al, 2010, 2013), (ACME, 2011, 2012, 2013), (Hillman, 2014). Moreover, HE has significant needs itself which AS and A level Mathematics will not meet (Hodgen et al, 2014).
Much of this gap can be amply filled by the new Core Maths qualifications (DfE, 2014c), (DfE, 2015), (CMSP, 2017a), which we now elaborate on.

4. Core Maths
In the summer of 2016 approximately 85,000 sat A level Mathematics in England, whereas typically around 200,000+ post-16 students do not continue with mathematics beyond GCSE. The Technical Guidance for Core Maths (DfE, 2015) explains that AS and A level mathematics:
“extend students’ experience of mathematical techniques significantly, developing advanced analysis of mathematical problems and construction of related arguments and methods of proof”
whereas Core Maths qualifications:
“consolidate and build on students’ mathematical understanding and develop further mathematical understanding and skills in the application of maths to authentic problems;
provide a sound basis for the mathematical demands that students will face at university and within employment across a broad range of academic, professional and technical fields;
prepare students for the varied contexts they are likely to encounter in vocational and academic study and in future employment and life, for example, financial modelling and analysis of data trends;
foster the ability to think mathematically and to apply mathematical techniques to variety of unfamiliar situations, questions and issues with confidence;
are likely to be particularly valuable for students progressing to higher education courses with a distinct mathematical or statistical element such as psychology, geography, business and management.”
The three objectives which apply to all Core Maths qualifications are:
“deepen competence in the selection and use of mathematical methods and techniques;
develop confidence in representing and analysing authentic situations mathematically and in applying mathematics to address related questions and issues;
build skills in mathematical thinking, reasoning and communication.”
all of which resonate strongly with disciplines in HE with a mathematical or quantitative component.
All the reports highlighted make it clear that Core Maths will bring significant benefits to HE, but this will require a strong signalling from HE that they welcome applicants with Core Maths. For example, the HEA report alone (Hodgen et al, 2014) finds that:
85,000 students are admitted into university in the UK each year to study: Business and Management, Chemistry, Computing, Economics, Geography, Sociology and Psychology, and all require mathematics and/or statistics to some extent, and other disciplines have similar needs, including biological sciences, medicine and dentistry, architecture, building and planning, and various technology degrees, with the numbers of students affected of the order of 200 000 per annum. Unsurprisingly, many students arrive at university with unrealistic expectations of the mathematical and statistical demands of their subjects, and lack of confidence and anxiety about mathematics/statistics are problems for many students.
recommending:
“Key stakeholders in academic disciplines within higher education should provide clear signalling to the pre-university sector about the nature and extent of mathematical and statistical knowledge and skills needed in undergraduate degree programmes.
A key factor contributing to the problems some students experience with mathematical/statistical work at university is that they have undertaken no mathematical study since completing their Mathematics GCSE (or equivalent).
Higher education admissions tutors and those responsible for managing degree programmes should be aware of this fact and as part of their signalling to the pre-university sector should consider recommending the benefits of continuing with mathematical/statistical study beyond the age of 16. In so doing they should be aware that post-16 Mathematics encompasses a growing portfolio of qualifications, including the new “Core Maths” qualification currently under development, as well as the more established AS and A-level qualifications.
Ongoing policy developments at both higher education and pre-university levels mean that there is currently a unique opportunity for higher education to influence the mathematical preparation of university entrants across the disciplines.
Key stakeholders in disciplines with mathematical/statistical content should actively engage with current and future developments of discipline A-levels (and their Scottish equivalents) as well as developments in post-16 Mathematics qualifications, (e.g. “Core Maths”).”
and concluding:
“Current policy developments in higher education and the pre-university sector mean that there is opportunity for substantial progress to be made over the next few years, so that students will arrive at university better prepared and better able to cope with the mathematical and statistical demands of their undergraduate studies.”
As argued in Hillman (2014):
“There is a chicken and egg situation here: higher education institutions won’t make post-16 maths a required qualification or even provide a more subtle signal that it is necessary or desirable, because in a competitive market for students to do so would be to rule out large numbers of applicants.”
Widespread endorsement by relevant university schools/departments is needed to motivate schools and colleges to offer it, pupils to take it, and their advisers to support them in doing so. By doing this the ‘log jam’ referred to by Hillman will be broken, we will no longer be in a ‘chicken and egg’ situation, and students will start reaping the benefit of Core Maths throughout their studies and into employment. HE generally will benefit by having better prepared, more proficient students, with improvements to attainment and graduate employability.
Following a communication from Ministers Nick Gibb and Jo Johnson to university vice-chancellors, accompanied by a briefing paper and an offer to receive institution-wide briefings (CMSP, 2017b), the Informed Choices document (RG, 2016) - the Russell Group of 24 leading UK universities’ guide to making decisions about post-16 education - has publically endorsed Core Maths, and at present a total of 41 universities have shown their individual support for Core Maths, including 20 Russell Group universities and 21 others (CMSP, 2017b).
The support for Core Maths in the Smith Review, accompanied by recommendations associated with funding and better signalling from HE, along with progress made to date on the latter and highlighted above, means that Core Maths number will grow, which means that many more young people will have the skills needed to thrive on a range of programmes in HE with a significant mathematical or quantitative element. This is further supported by the clear need for increased participation in Level 3 mathematics as argued in the recent Green paper (HMG, 2017).

5. Summary
The current and future landscape of post 16 mathematics will see a step change in HE – significant improvements in AS and A level Mathematics and Further Mathematics following the reforms recommended by ALCAB, and the introduction of Core Maths qualifications, which, taken together, will address the needs of vast numbers entering HE. It is now down to all universities and the individual disciplines within and across HE, to make clearer their requirements for entry to their programmes, and the necessary skills required for students to succeed in their studies, and beyond into employment, by giving stronger signals of the importance and value of continuing studying mathematics post-16 through one of these Level 3 qualifications.
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