APPENDIX G: Historical Perspective of Education in the UK
G.1
Elementary Education in the 18th Century

During the 18th century the majority of the population in the UK had little or no opportunity to experience the benefits of education; social class largely determined the amount of education that an individual might expect to receive. Educating the bulk of the population, did not, in the 18th century, have any economic value. Aldrich (1996:10) explains that children born to poor parents were expected to work from an early age and understood the need to contribute to the family income.

Prior to the 19th century, the state had little interest in the education of its subjects. It was happy to leave the business of educating the poor to the church, to benevolent societies and to individuals. The sentiment of this period is described by Barnard (1961:52) as:

The educational ideal of the time was the training of the poor to an honest and industrious poverty which knew its place and was duly appreciative of any favours received.

There was, however, an increase in literacy (measured by the ability to sign one’s own name on marriage registers) during the first two-thirds of the 18th century. It is estimated that between 1700 and 1775 male literacy in England and Wales increased from just less than 50% to 56%. During this period the acquiring of literacy was aided by a notable expansion of endowed schools prompted by the work of The Society for the Promotion of Christian Knowledge. Between 1710 and 1730, a total of 91 new endowed schools were built in the counties of Cheshire, Derbyshire and Lancashire. However, even with this increase in basic literacy and regardless of social status, there existed a wide disparity between males and females, with many more males than females acquiring literacy (Sanderson, 1991:9-13). Whilst there had been an increase in literacy, it is estimated that over 1.5 million poor children in England were not receiving any elementary education (Evans, 1975:15-17). 

Towards the end of the 18th century the situation deteriorated. At this time there was rapid population growth and with the start of the Industrial Revolution came the employment of children as young as nine years of age, whereas previously, in rural areas undertaking, for example, farm work, they would not have been employed until they were around 12 years of age. The Sunday School movement started by Robert Raikes during the 1780’s in Gloucester did, however, provide some schooling for children on the one day per week that they were not working (Sanderson, 1991:13).

Other forms of schooling were available to the working classes who wanted their children to have some education and could afford to pay for it. Barnard (1961:2-4) describes two types of elementary schooling that were available in England, the ‘dame school’, which was usually run by an elderly woman and the ‘common day school’ (sometimes referred to as a private day school) whose master was often physically handicapped or had failed at other types of employment. Both these schools offered only a rudimentary education for those who could afford the fees of a few pennies per week.

Effectively, elementary education for the majority of the UK population in the 18th century was irregular in its provision, of short duration and of poor quality. It was not until the 19th century that concern regarding education started to grow, eventually leading to state funding and the passing of significant legislation in 1870 that would place elementary education and education in general on a slow but steady path of progression.

G.2
Elementary Education in 19th Century England

It was not only in the 18th century that social class determined the type of education that an individual might expect to receive; Aldrich (1996:21) writes:

Throughout the nineteenth and twentieth centuries many of those who presided over state education in England identified it essentially as education for the poor, for those who, unlike themselves, could not or would not pay for the schooling of their own children.

It was the evidence of an official investigation, (the report of the parliamentary Select Committee on the Education of the Lower Orders of Society, 1818), which resulted in Lord Brougham describing England at this time as being the worst educated country in Europe. The investigation revealed that three-quarters of the child population were not receiving any education whatsoever (Evans, 1975:15). Sanderson (1991:26), acknowledging Sandberg, points out that in 1850 education in England was of ‘second rank’ even though at this time England was the richest and most industrially advanced country in the world.

Figures from the censes for England and Wales show that in 1801 the population was approximately nine million by 1851 it had grown to 18 million. This population increase was most noticeable in areas of commercial and industrial activity and by 1851 this rapid increase had resulted in approximately one quarter of the population being under ten years of age (Aldrich, 1982:15-16). Many children had formerly found employment but once the Factory Acts began to take effect there was a relative decline in employment opportunities for children and an inadequate number of places in schools (Evans, 1975:1-2). There was, however, an expansion of the Sunday School movement and Sanderson (1991:13), quoting Laqueur’s calculations, reports that by 1851 three-quarters of working class children aged between five and 15 were attending these schools.

Evans cites the shortage of both money and teachers as being the two primary problems, in the early 19th century, which confronted any attempt to expand elementary education. A solution to this problem was the introduction of the monitorial system, which was devised independently by the Anglican clergyman Andrew Bell and the Quaker Joseph Lancaster (Evans, 1975:17). This system was found particularly useful for the rapid and mass education of children. Effectively, more senior children educated the younger children. The master only had to educate the monitors who then passed on the instruction they had received. By using this system large numbers of pupils could receive basic education at little cost. The monitorial system soon became more widespread and was to remain popular for approximately 30 years. The education that these schools provided was, however, divided on religious grounds with the Anglicans adopting Bell’s version of the system and the Nonconformists adopting Lancaster’s version. Two societies, with strong denominational interest, were set up to promote these differing styles of monitorial school and were to become the most powerful educational agencies of this time (Aldrich, 1982:73-75).

The growing interest in education in the early 19th century was fuelled by a series of attempts in the 1820’s to obtain state intervention in education. In 1833, John Roebuck, a radical Member of Parliament, proposed extensive plans for the compulsory education of those aged between six and 12 and the setting up of four different types of school. It is not surprising that he failed, given the scale and cost of his proposals. Nevertheless, 1833 was a significant year as it heralded the first state intervention in education; popular representation stimulated parliamentary interest and the Government voted the sum of £20,000 for the erection of school buildings. This grant was renewed on an annual basis and by 1859 it was worth £836,920. During the first five years of its existence this grant was issued to, and managed by, the two societies established to further the monitorial system (Barnard, 1961:67-70).

Once the state had intervened in the provision of elementary education, the process of improvement and reform became relatively rapid. Central to this progress, in the middle of the nineteenth century, was the work of Sir James Kay-Shuttleworth. Evans (1975:20-22) writes of his varied and considerable achievements, which included the development of administrative systems and agencies to dispense funds from government, the establishment of a schools’ inspectorate and the launch of the pupil-teacher system. The pupil-teacher system allowed for the systematic training of teachers and remained in place until the end of the 19th century.

The 1870 Elementary Education Act (Forster Act) was the first effective piece of legislation to deal with education. It aimed to make available elementary education in England and Wales for all children aged from five to 13, “This critical landmark in our educational history formed the watershed between mere State assistance for and direct State provision of elementary education”. However, this education, covering the three R’s – reading, writing and arithmetic, was neither compulsory nor free. The countries were divided into school districts and School Boards were set up in areas where the existing provision of education was found to be unsatisfactory. Schools set up under these arrangements became known as Board Schools, which were funded from central government, by a fee of up to 9d per week from parents and by rate aid (Evans, 1975:28-37). 

There were a number of factors, which helped to bring about the drafting and passing of this Act. Successive Factory Acts were helping to control the employment of young children. The 1867 Factory Act debarred 200,000 children from paid employment, which resulted in thousands of children on the streets in densely populated areas. There was still a continuing population expansion and the then current system of elementary education was inadequate (Evans, 1975: 28-31). However, it was Britain’s failure to secure many prizes at the 1867 International Exposition in Paris that raised awareness of the link between education and industry. A series of investigations revealed the inadequacy of secondary and technical education in Britain when compared to that taking place in Prussia and America. An illiterate workforce was becoming to be seen as a barrier to industrial growth (Sanderson, 1999:14-17).

The long-term growth in education since the 1830’s has been matched by an increase in expenditure. In 1833, public expenditure on education in the UK amounted to 0.01% of the gross domestic product (GDP) and had risen to 4.31% in 1999. Whilst there had been an increase in the student population, this does not explain the growth in the actual expenditure per student; at 1990 prices, expenditure per student was approximately 30 times greater than in the 1850’s (Carpentier, 2003:4-6).

As a result of the 1880 Education Act (Mundella Act), attendance at school became compulsory for children in England and Wales between the ages of five and ten, This Act, which was reinforced by School Attendance Officers, resulted in school attendance rising from 1.2 million to 4.7 million between 1860 and 1900. Although, at this time, education was still not necessarily free, it was the 1891 Education Act that was to make elementary education almost free. As a consequence of legislation and financial intervention by the state, elementary education, in the latter part of the 19th century, had been radically transformed (Sanderson, 1999:4-5).

G.3
Secondary Education in 19th Century England

By the 19th century there was a significant number of secondary education places available for those who could afford them, or for those who were fortunate enough to gain a scholarship. In addition to the public schools (with their own feeder schools known as preparatory schools) whose purpose was the education of gentlemen and attendance at which confirmed professional, middle, and upper class status there was a variety of other schools offering secondary education. The Schools Inquiry Commission, chaired by Lord Taunton (1864-8), identified three categories of these aforementioned other schools; the endowed (elementary and grammar) schools, which were not maintained by public money, the proprietary schools, which were under private management and the private schools, which were profit-making establishments. These three categories provided education up to and beyond 14 years of age, dependent upon the type of school that the pupil was attending. The Commissioners found that the endowed schools were failing to provide “a good education for the lower section of the middle classes and respectable artisans”. The Taunton Commission also reported: “We cannot but consider that it is a matter of national interest, that boys of real ability, in whatever rank of life they may be found, should receive every aid and encouragement that can rightly be given to enable them to rise to a position suitable to their talents” (Aldrich, 1982:104-108).

The Taunton Commissioners effectively recommended a national system of secondary education, which, where possible, should be extended to make provision for girls as well as boys. Had its recommendations been implemented, it would have made available a secondary education to complement the elementary education provided by the 1870 Education Act.

The use of examinations to test the performance of pupils, and league tables for measuring the performance of individual schools is not a 20th century introduction. Aldrich (1996:45-49) explains that the use of examinations to test the performance of pupils in the 19th century was commonplace. Elementary schools, for example, were dependent on funding through the 1862 Revised Code, which scaled its awards to the overall success or otherwise of the school. Not surprisingly, for the elementary or secondary school, pupils’ success in examinations had an impact on public perception. The College of Preceptors (founded and controlled by teachers), the Royal Society of Arts and the Universities of Oxford and Cambridge were all setting examinations for school children from the middle of the 19th century, which, if passed, improved a pupil’s employment prospects and quite quickly league tables, which ranked schools by their examination success, began to appear in the educational press.

What had been started in the 19th century was a process of educational reform whereby the state began to take responsibility for the education of the majority of its citizens.

G.4
Elementary Education in 20th Century England

Statistics show that by 1901 three-quarters of the English population lived in towns and cities and thus education moved from being widely dispersed and essentially a rural undertaking to become an urbanised and centralised process. In 1911, the population of England and Wales had doubled from its 1851 figure to 36 million (Aldrich, 1982:15-18). The number of school places had also risen and the dual system of non-denominational School Boards and the church schools were, by 1901, providing over 4.5 million elementary school places where in 1870 there had been less than 1.25 million places (Evans, 1975:34). Literacy, as defined earlier (the ability to sign ones own name) had also risen from 80% in 1870 to nearly 100% by 1913 (Sanderson, 1999:3).

The 1902 Education Act (Balfour Act) abolished School Boards, gave responsibility for elementary education to LEA’s and established a system of secondary education, which was to be provided by the LEA’s. However, in England and Wales it was the 1918 Education Act (Fisher Act) that finally abolished all fees for elementary schools and raised the school leaving age to 14 (Mackinnon, Statham & Hales, 1996:48-49).

G.5
Secondary Education in 20th Century England

The 1902 Education Act provided the impetus for secondary education and foresaw the possibility of developing an integrated system of education whereby a pupil could progress from elementary to secondary schooling and beyond it to Further Education (FE) and HE (Evans, 1975:59-72).

This Act, which applied to England and Wales, also consolidated and expanded the grammar schools, which from 1907 were required to set aside one-quarter of their places for scholarship winners. The possibility of obtaining a scholarship place through the ‘eleven plus’ examination soon allowed those who had worked through the elementary school system the chance of a secondary education (Sanderson, 1999:10-11). This is referred to by Evans (1975:69-70) as:

... the ultimate rejection of the nineteenth-century concept of secondary education as the prerogative of the middle and upper classes.

Secondary education was available to those who could afford the fees and to those who gained a scholarship; for others the prospect of attending a secondary school was not a possibility. The educational system was still essentially a two-tier system with elementary schooling available up to 14 years of age and secondary education available, predominantly through the grammar schools, up to the age of 18.

New examinations were introduced in 1917 to help reduce the number of secondary school examinations and examining boards. These nationally-recognised examinations were School Certificate and Higher School Certificate. The School Certificate, which required five subjects to be passed, was taken by pupils aged 16 after five years of study and Higher School Certificate after a further two years of sixth form study. Effectively, these examinations started to standardise the secondary curriculum and confirm its academic nature (Aldrich, 1996:51).

Not surprisingly, the progress to secondary education for all was preceded by a number of government reports, which paved the way for its introduction. Notably, the 1926 report on The Education of the Adolescent (Hadow Report), the 1938 Report on Secondary Education (Spens Report) and the 1941 Report on Curriculum and Examinations in Secondary Schools (Norwood Report), all of which provided the basic strategies for a secondary education for all. At the time of the Hadow Report, less than 10% of all adolescents were attending secondary grammar schools (Evans, 1975:82-86).

The Hadow Report outlined the basic structure of a two-tier system divided into primary and secondary education with all pupils passing, at the age of 11, to secondary schools (Aldrich, 1996:13). The report recommended that from September 1932 the school leaving age be raised to 15 but this was not implemented until 1947. The system would remain selective with selection taking place at 11 years of age, the ablest pupils continuing their education at secondary grammar schools and the remainder going to secondary modern schools until the age of 15. It was suggested that the first two years in each school would provide a sound basic education, then as a result of ability, determined by the selection process, the grammar school pupils would continue with an academic education and the secondary modern pupils would receive a more practical education. The intention was that the secondary modern school would be seen as different to the secondary grammar school but not inferior to it and there would be parity in funding and esteem to both types of school. The report was accepted and a gradual reorganisation began to take place. Whilst equality of status may have been the intention at the time, in practice the grammar schools were more generously funded than the secondary modern schools whereby the secondary modern schools lost the intended parity and esteem (Evans, 1975:82-84).

The Spens Report, which consolidated the work of Hadow, also made some significant recommendations to the existing policy, in particular: that all fees for State secondary education should be abolished thereby making it only possible to enter a grammar school by selection (subsequently included in the 1944 Education Act), that some of the technical schools should be converted into technical high schools, later to be named secondary technical schools, and that general administrative arrangements be updated (Evans, 1975:84-85).

Norwood in his report of 1943 argued that there were three types of children. Some “were interested in learning for its own sake” and would be channelled through the grammar school system regardless of their social background. For those pupils with “an uncanny insight into the intricacies of mechanism” they would find themselves in the secondary technical schools, yet in reality not many of these schools were available. For the majority who “deal more easily with concrete things rather than ideas” they would be educated in the secondary modern school. Thus the foundations were laid for the tripartite system of secondary education, where access to each school would be controlled by selection at 11 years of age (Aldrich, 1996:13-15).

Even with this scholarship system, during the inter-war years, secondary schooling was not really a viable option for a large sector of the working-class population. They remained in elementary schools that provided education up to the age of 14 only. Many children from working class backgrounds were either not entered for the scholarship examination or were put off from entering it due to concerns related to the associated costs and possible alienation from their families and friends (Aldrich, 1996:14).

The 1944 Education Act (Butler Act) replaced all other previous educational legislation, made groundbreaking advances for the provision of education in England and Wales and covered many areas of education. The main points are that it provided a statutory basis for secondary education for all, abolished all fees and associated costs for state-funded secondary, technical and grammar schools, and places were to be obtained purely on academic ability. The school leaving age was to be raised first to 15 and then to 16 as soon as it became viable (however, this was not implemented until April 1947). It also replaced the Board of Education with a Ministry of Education. This Legislation was interpreted and acted upon by the LEA’s and the tripartite system of education came into existence although the Act itself did not specify any particular system. Reference in this Act was also made to FE, placing on LEA’s the need to secure adequate facilities for this, in addition to making provision for primary and secondary education (Evans, 1975:97-103).

In 1951, the GCE O Level and GCE A Level respectively, replaced the School Certificate and the Higher School Certificate. It was intended that pupils at secondary grammar schools would take these examinations. However, after 1952, secondary modern schools were allowed to enter pupils for external examinations and this resulted in some pupils at these schools spending an extra year at school and obtaining passes at GCE O Level. Only a minority of schools had the facilities to offer this option, nevertheless, this began to cast doubt on the accuracy of the eleven plus examination (Evans, 1975:111).

Inevitably the number of grammar school places available, for pupils undertaking the eleven-plus examination, varied throughout England, being between 10% and 40%, dependent upon the number of places available in a particular area. Another worry was that the eleven-plus examination was found to be inaccurate. An investigation in 1957 estimated that it was misplacing approximately 70,000 pupils each year (Evans, 1975:110-111).

The Crowther Report, published in 1959, investigated the education of 15-18 year olds in England. This report found that pupils at secondary modern schools were educationally disadvantaged and suggested that one-third of secondary modern pupils were capable of sitting an external examination at an academic level below that of GCE O Level. The introduction of the Certificate of Secondary Education (CSE) in 1965 is attributed partly to this recommendation (Evans, 1975:181-185). 

The CSE examination was well received, and it soon followed that a CSE Grade 1 was defined as being equivalent to a GCE O Level pass (Evans, 1975:291). The GCE O Level catered for those pupils deemed, by the selection process, to be in the top 20% of academic ability and CSE for the next 40% of the cohort (Aldrich, 1996:51-59). However, it is pertinent to mention that failure to obtain a place at a grammar school generally denied a pupil the opportunity to be entered for the GCE O Level examinations. Taking into account both the GCE O Level and the CSE examinations, there were still approximately 40% of pupils leaving school without any qualifications whatsoever.

The Labour Party had openly supported the idea of comprehensive schooling since 1942 and during the 1950’s there was growing interest in the idea of comprehensive education, comprehensive schools would be non-selective and accept pupils regardless of their ability. In 1951 the Labour Party produced ‘A Policy for Secondary Education’ and came out strongly in favour of comprehensive education. There was mounting concern over the eleven-plus examination, which was seen to be divisive. Many working-class children who did gain a place at grammar school performed less well than middle class children and success seemed to be decided by social class and locale rather than by ability. By 1964 there were over 200 comprehensive schools, which catered for nearly 8% of the secondary school population (Evans, 1975:111-112).

In 1965 the Labour Government issued Circular 10/65 on ‘The Organisation of Secondary Education’. This Circular requested LEA’s to submit plans for the reorganisation of secondary education into comprehensive schooling. However, a change of government ensued and in 1970 the Conservative government withdrew Circular 10/65, replacing it with Circular 10/70, which allowed LEA’s the freedom to choose between selective or comprehensive education (Mackinnon, Statham & Hales, 1996:53-55). Nevertheless, Simon (1991:299) reports that between 1965 and 1977 comprehensive education grew from 8.5% of schools to 31%.

With each change of government that took place from the 1960’s to the 1980’s there was conflict and controversy regarding the implementation of comprehensive education. Mackinnon, Statham and Hales (1996:53-58) explain that the 1976 Education Act attempted to eliminate selection by ability but the 1979 Education Act then repealed this. The school leaving age was finally raised to 16 in 1972, almost 30 years after the 1944 Education Act had made this recommendation. Attempts have been made to restore selection at 11 years of age but they have, in most cases, been resisted. Nevertheless, there do still exist a small number of selective grammar schools, located mainly in Berkshire, Buckinghamshire, Kent and Lincolnshire, which rely on the eleven plus examination (http://www.elevenplusadvice.co.uk/11-Plus-Areas.aspx). By 1982, 89.3% of pupils in England were attending comprehensive schools, which were clearly the schools for the future (Simon, 1991:483).

Throughout the 1960’s and 1970’s criticism of the dual system of examinations, which were generally taken at age 16, was the subject of much public debate and received significant media coverage. With the recognition that the eleven-plus examination was incorrectly placing some pupils and with the growth in comprehensive education, pressure was mounting to create a single examination that a greater proportion of 16 year olds could take. Simon (1991:305-307, 455) explains that discussions began during the late 1960’s and a recommendation for a single examination was made in 1970. Many pupils at this time were being entered for both the GCE O Level examination and the CSE examination to minimise risk of failure. The perception then arose that the Mathematics GCE O Level was of higher status that the CSE (Cockcroft, 1982:132). 

In 1978 the committee of the Waddell Report on School Examinations finally reported in favour of a single examination. The government of the day accepted the recommendation and in 1978 it was announced that a single examination system to be known as the GCSE would be introduced, replacing both the GCE O Level and the CSE. The GCSE syllabi were introduced in 1986 with the first examinations being taken in 1988 by pupils in England, Wales and Northern Ireland (Mackinnon, Statham & Hales, 1996:33). 

The change from the parallel system of GCE O Level and CSE to a single GCSE examination, to be taken by almost all 16 year-olds, unavoidably had a significant impact on schools, teachers and, of course, the number of 16 year-olds leaving school with a qualification. Figures given by Patrick (1996:3) show that in 1976 only 60% of the population had the opportunity to sit GCE O Level or CSE examinations but by 1996 GCSE examinations were being taken by over 90% of 16-year olds.

The GCE O Level and GCE A Level syllabi had been complementary, allowing a relatively smooth transition between the two for those pupils who wished remain at school until they were 18. After the introduction of GCSE in the late 1980’s, it became apparent that, in some subjects, there was a widening gap between the finishing point of GCSE and the starting point of A Level courses with the difference between the two becoming difficult to bridge. In 1988, The Higginson Committee investigated GCE A Level syllabi and recommended a more uniform marking system, a reduction in the number of syllabi, a compulsory core common to the remaining syllabi and that pupils study a greater number of subjects (Higginson Committee, 1988). However, these recommendations were rejected by the then Secretary of State (Mackinnon, Statham & Hales, 1996:42). Since the 1990’s several major changes to GCE A Level syllabi have ensued. These changes have resulted in many complex and heated debates regarding content and also suggestions of grade dilution. It was the concerns regarding A Level standards due to an increasing number of higher grades being achieved, which prompted a government-initiated inquiry. In 2002 Tomlinson published his report ‘Inquiry into A Level Standards’ and expressed his belief that if, due to hard work and improved teaching, there is an increasing proportion of students obtaining this qualification it does not follow that there has been a lowering of standards (Tomlinson, 2002:4).

Other changes to the educational system were made in 1988. The Education Reform Act made provision for the introduction of a common curriculum for those pupils of compulsory school age in England and Wales. This common curriculum was named the National Curriculum with attainment targets being set for pupils at the ages of seven, 11, 14 and 16 (Mackinnon, Statham & Hales, 1996:159-162).

The suitability of GCSE Mathematics as a foundation for further study and the content and depth of coverage of topics in GCE A Level is of considerable concern and has prompted a number of large-scale Government funded investigations and reports. 

G.6
Higher Education

“Higher education courses are generally above the standard of GCE A-levels or National Vocational Qualification (NVQ) Level 3, which are job-specific vocational qualifications. They include degree courses, postgraduate courses and Higher National Diplomas. Higher education takes place in universities and higher education colleges, and in some further education colleges”.

(www.hefce.ac.uk/glossary/glossary.htm).

The earliest universities in the UK were of mediæval origin with Oxford and Cambridge being the first in England. They were involved with study in the areas of law, medicine and the Church. Although initially of importance, their influence declined during the 18th century. It was during the 19th century that they gained international repute as a more orderly and cohesive structure started to emerge (Brophy, 2000:3-4).

A chapter on HE is included in Aldrich (1982:126-162), where it is explained that the 19th century brought about expansion; in the late 1820’s University College, with no religious education, and Kings College were founded in London. These colleges, unlike Oxford and Cambridge, were taking students from a much wider social background provided that they could pay the fees and pass the requisite entrance examinations, and were offering a broader curriculum. From 1851 nascent universities, in the form of civic university colleges, began to appear in major cities. These were created by generous benefactors or by public subscription and were to become important centres in industrial research. From 1900, after successive investigations, these civic colleges gradually gained university status. The universities, that had started life as civic colleges, were to become known as redbrick universities. It was the Victoria Building at Liverpool University, built from pressed red bricks that led to a professor at this university coining this phrase (http://www.liv.ac.uk/gradschool/lifeliv.htm). State scholarships were introduced in 1920, although these were restricted to candidates of outstanding calibre.

By 1914, England had ten universities and four university colleges (Evans, 1975:248). These institutions were educating 18,228 full time students whereas a century earlier there had been only 1,128 students in total at Oxford and Cambridge (Aldrich, 1982:152). Aided by the introduction of the City and Guilds examinations in the late 19th century, polytechnics were developing in parallel to the new universities and technical institutions were also opening, at first, principally in London and then throughout the UK (Evans, 1975:219-220).

During the first half of the 20th century there was a slow rate of expansion; however, there was a rationalisation of curricula and examinations with National Certificates at Ordinary and Higher levels being offered. Additionally, some technical institutions were approaching, in the courses that they offered, the level and quality of university degrees (Evans, 1975:221-223).

Although universities were obtaining most of their funding from other sources, by 1914 they were receiving, collectively, £150,000 from the Government. Immediately after the First World War this was raised to £1m. The establishment of the University Grants Council in 1919 made it possible for universities to retain their independence from the Government whilst still benefiting from the funding provided. This allowed, during the inter-war years, for a steady but modest expansion of university places and courses. The Second World War profoundly affected public perceptions and expectations, and changes that included social welfare provision, a National Health Service and equal educational opportunities were soon to follow (Evans, 1975:252-257). Like elementary education, it was only when the State started to take an interest in HE that significant growth and change began to occur. Government funding for universities was to become the key to their success and continued expansion.

The 1944 Education Act had provided secondary education for all and consequently an expansion of grammar school places. This in turn led to an increase in demand for university places. Simon (1991:597) details that in 1944 there were some 38,000 full time students in British Universities and by 1964 this had risen to 139,000 students (not including those in teacher training colleges). The 1945 report on Higher Technological Education in England and Wales chaired by Lord Eustace Percy stressed that more scientists and technologists were needed to sustain industry and commerce in an increasingly competitive international market. This report recommended the expansion of science in universities and the creation of colleges of advanced technology. The 1946 Barlow Report on Scientific Manpower recommended more university places especially for science students, which confirmed the main findings of the Percy Report (Evans, 1975:220-234).

Added to the concerns regarding the need for scientists and technologists, there was also a requirement for more teachers due to the increase in birth rate since the end of the Second World War. Pressure for change was mounting and a Special Committee under the chairmanship of Lord Robbins, was set up to review the pattern of fulltime HE in Great Britain and make recommendations for its development. The main recommendations of the report were that the number of places in HE should be progressively increased from the 1963 figure of 216,000 (which includes those in teacher training colleges) to 560,000 by 1981. This increase in university places was to be achieved by the foundation of six new universities, by the granting of university status to ten existing colleges of technology and by expanding existing universities. Teacher training should also undergo expansion and receive elevated status. Robbins had seen the potential for a unitary system of HE where all the institutions could be managed as a single entity. The establishment of the Council for the National Academic Awards also helped this process; in 1964 it gave non-university institutions of HE the opportunity to develop their own degree work. However, also in 1964, the Labour Government announced a policy of separate administration within the HE sector for colleges and polytechnics; this gave rise to a binary system comprised of universities and non-university institutions (Evans, 1975:190-195).

Initially there was an increase in the number of students arriving at university to study applied science but this was soon followed by a decline. The universities of technology were not attracting sufficient students and the term ‘technology’ began to be removed from their titles. The 1968 Dainton report on the flow of candidates in science and technology into HE identified that, whilst there had been an increase in the proportion of students taking GCE A Level mathematics up to 1960, this was followed by a decline as more pupils chose to study arts and social science subjects (Sanderson, 1999:96).

The polytechnics remained under the auspices of LEA’s until the 1988 Education Reform Act for England and Wales gave them autonomy; later, as a result of the 1992 Further and Higher Education Act, they gained university status (Holt, Andrews & Boyd et. al., 2002:244). With a growing number of students now successfully taking GCE A Level, and through government intervention, it followed that a greater number of students wished to enter university. To accommodate these students, universities have grown not only in number but also diversity, offering a widening range of undergraduate courses.

During the 20th century, the scene had been set to transform what had been an elitist system of education into one of mass education, where the majority could at least see that there was opportunity to enter HE even if they decided not to participate in it (Jary & Parker, 1998:3-5).

G.7
Mathematics Education Since 1986

Significant changes to the education system commenced in 1986 with the introduction of the GCSE, the first examinations being taken in 1988. Subsequently, changes were made to GCE A Level

G.7.1
GCSE Mathematics

The content of GCSE Mathematics syllabi has encountered criticism; this is principally because it does not cover all the topics that were included in GCE O Level. It has been suggested that the content of GCSE is approximately 60% of that which was formerly contained in GCE O Level (Mustoe, 1992:100; James, 1995:79). Additionally, the subject may be taken at foundation level, intermediate level or higher level, which presents difficulties for employers, colleges and universities, as it is not clear from the certificate awarded which level has been taken and there is a significant difference in the material covered at each level. Howson (1996:135) draws attention to the incongruity of pupils being differentiated at GCSE Level yet those that go on to take GCE A Level all sit the same examination.

G.7.1.1
Content
Two topics that were previously undertaken at GCE O Level but not covered in GCSE syllabi are calculus and geometrical construction. The LMS, IMA and RSS, in their report ‘Tackling the Mathematics Problem’ (1995:9) divulge that there has been a marked shift of emphasis to time-consuming activities including investigations, problem solving, data surveys etc., at the expense of ‘core’ techniques. That these topics now feature predominately in GCSE is confirmed by Smith (2004:85-86) who discloses that 25% of the content in GCSE Mathematics is related to data handling. This issue is now being addressed; the response to the Smith Report, DfES (2004:42), states that the QCA have been asked to review the statistics and data handling content of GCSE to determine what should be retained in mathematics syllabi and what should be delivered through other subjects. 

That the GCSE contains an overall reduction in mathematical content when compared to that of GCE O Level is confirmed by Sutherland and Pozzi (1995:8) and by Savage, Kitchen and Sutherland et. al., (2000:2), who, in the report ‘Measuring the Mathematics Problem’ produced by Hawkes and Savage write:

The GCE examination was replaced by GCSE which, for Mathematics, brought a decline in students concept of proof and in their technical fluency and understanding of algebra.

Smith (2004:7) expresses concern that the top 10% of mathematically able students are insufficiently stretched and motivated, and recommends that “attention be given to making special provision in mathematics for those more able pupils, both at GCSE and GCE levels”. The government in its initial response to the Smith report, DfES (2004:12), made the comment that mathematics curricula will be stretched for the most able. However, it is certainly not clear from this initial response how, in a classroom setting of pupils with mixed ability, this will be attained. 

The LMS, IMA and RSS (1995:12-13) also raise the question, “Are current standards in mathematics at GCSE (Grades A-C) in any way comparable to those associated with GCE O-level and CSE (Grade 1)?” They emphasise that the mathematical knowledge that is required to obtain an A* on GCSE papers does not correspond to that which was required to obtain a good grade on GCE additional mathematics papers, which were previously taken, in addition to GCE O Level, by students with high mathematical ability. There is also a lack of emphasis placed on some areas such as arithmetic, fractions, ratios, algebraic techniques and the basic geometry of triangles, lines and circles. Moreover, it is these topics that are vital for further study in mathematics, science and engineering, which suggests that insufficient attention has been paid to the effectiveness of the curriculum for those students with the potential for further study. 

Despite the grievances and contentious issues that have arisen, Smith (2004:82), whilst acknowledging serious concerns raised by respondents to the inquiry, expresses the opinion that:

Compared with the previous O-level/CSE structure, GCSE mathematics has been beneficial to many more students and has provided them with an adequate background for further study in the subject.

If this is indeed the case, it is impossible to comprehend why difficulties with mathematics are now widespread across the HE sector in numerate disciplines.

G.7.1.2
The 3-tier System

Initially the grades awarded at GCSE were A-G, with A being the highest possible level of attainment. To distinguish exceptional performance, the A* grade was introduced in 1994. “From 1998, most major entry subjects, with the exception of mathematics, have been examined through a Higher Tier covering grades A*-D and a Foundation Tier covering grades C–G. Mathematics is the only subject to have retained more than 2 tiers”. There are also a few subjects with only one tier. The reason for the 3-tier system was to allow coverage of a range of GCSE grades thus enabling candidates to demonstrate positive achievement by attempting questions that matched their ability within a specific tier. There is an overlap of grades between each tier and pupils may only sit a subject in one tier in any single examination period. The grades that may be achieved within each tier have undergone changes since the introduction of GCSE and are currently available as follows:

· Higher Tier:
A*, A, B & C

· Intermediate Tier:
B, C, D & E

· Foundation Tier:
D, E, F & G

(Smith, 2004:57-58).

Smith (2004:83) also refers to the tactical behaviour of schools and pupils; it is perceived to be easier to obtain a grade B from the Intermediate tier, with its reduced algebra and geometry content, than from the Higher Tier. This, it is suggested, is influencing the number of candidates sitting each tier. Statistics show that when Grade B was introduced, as a possible outcome on the Intermediate Tier, entries for the Higher Tier fell from nearly 30% to approximately 15% of the candidate cohort; since then, the percentage sitting each tier has remained relatively stable. The response to the Smith report, DfES (2004:11) confirms that action will be taken to:

...address immediately concerns that the current structure of the three-tier GCSE may be discouraging, or in some cases preventing, young people from continuing their study of mathematics post-16.

Smith (2004:83) also draws attention to the preparedness of students, who have undertaken the intermediate tier, for the material encountered in mathematics at Advanced Subsidiary Level (AS) and A2 Level (previously referred to as A Level):

Many clearly feel that, without some form of bridging course, candidates obtaining a Grade B in mathematics on the Intermediate tier have an inadequate basis for moving on to AS and A2.

There is also unease that students entering engineering courses in HE with a highest mathematical attainment of GCSE Grade C could have studied for the Intermediate Tier; where teachers may have chosen not to teach algebra, given that the proportion of marks awarded to this topic in the examination is very low (Sutherland & Pozzi, 1995:8). The QCA (2006:12) in their interim report ‘Evaluation of participation in A level mathematics’, detail the piloting and evaluation of a new two-tier GCSE Mathematics course from September 2006.

G.7.1.3
Issues and Worries

That the mathematics encountered up to GCSE Level should enable post GCSE mathematics education, at a level that is comparable to that of other countries in the EU, is advocated by the LMS, IMA and RSS (1995:20). Gordon (2004:16) also compares mathematics education in England to that in other countries and writes:

It seems that England is one of the few countries where students can drop mathematics from age 16, and in theory need never pick it up again.

There have been numerous concerns cited regarding GCSE Mathematics and its position in the hierarchy of subject difficulty. Roberts (2002:74-75) discusses the prevailing view that science and mathematics in particular appear to be difficult subjects. The perceived difficulty of mathematics is also addressed in the Smith Report (2004:84), where it is suggested that many teachers and pupils hold this perception. Moreover, the amount of effort that is required to obtain a GCSE in mathematics is believed to be equivalent to that required to obtain both English Language and English Literature or to gain a double award in Science. The report also warns that this belief may be contributing to the feeling that mathematics is a disproportionately hard subject, which is having an adverse effect on the number of students who may choose to study the subject at a higher level. This perceived difficulty is also referred to in the response to the Smith Report where it is acknowledged that the attainment of grade C or above in GCSE Mathematics is below the level which is attained in many other subjects (DfES, 2004:5-6).

In 1996, Dearing, referring to representations from employers concerning standards in the application of number by their employees, stated “[these representations] have been a feature of national life for more than a century. It has always seemed that things were better 20 years ago” (Dearing, 1996:6). The issue of employer satisfaction is also addressed by Smith who collected evidence that suggests employers are not happy with the mathematical ability of their employees, even when they have achieved the minimum societal expectation of a grade C at GCSE. Moreover, from the point of view of many employers, GCSE mathematics is seen to be an inadequate preparation for the growing mathematical needs that are currently encountered in business and industry (Smith, 2004:86).

The value of a Grade C in GCSE Mathematics has also been damaged by media coverage relating to the low marks that are needed for this attainment. Smith (2004:86) expresses concern that an article in the Daily Express in the summer of 2003 reported that students were achieving a grade C in GCSE Mathematics with raw marks of 15%. In the 2006 GCSE examinations, where pass rates had risen for the 18th successive year, it has been established that pupils needed to obtain less than half the available marks to be awarded a grade A in GCSE Mathematics, with a grade C being awarded to students who only answered 16% of the questions correctly. Yet despite the low boundaries and high pass rates in other subjects, almost half those who sit GCSE Mathematics fail to obtain at least a grade C (Henry, 2006). 

G.7.2
GCE A Level Mathematics

From the introduction of GCE A Level in 1951 until the mid 1980’s, the universities controlled its syllabus. It was primarily an entrance examination from which universities, in particular, could measure the ability of students seeking places at their institutions. From its inception the GCE A Level qualification was considered to be the ‘gold standard’ against which individual attainment could be measured. However, during recent years it has been suggested that the standard and status related to A Level has diminished. There have now been several changes to curricula and whilst a steadily-increasing percentage of pupils are obtaining passes and higher grades than was previously the case, there has, however, been a decline in the number of pupils taking GCE A Level Mathematics and a serious decline in the number sitting Further Mathematics.

Concerns surrounding Mathematics are not new; Thwaites (1972:5) reported that in 1961 academics were claiming that students entering HE did not know the basics and Cox (1994:11) discusses the issue that breadth has replaced depth in A Level syllabi. However, since 1995 the numbers of journal articles, press publications, and media coverage relating to issues surrounding A Level Mathematics has intensified. Gordon (2004:29) draws attention to the number of reports that are entitled “...Mathematics Problem...”. The report ‘Measuring the Mathematics Problem’, (Hawkes & Savage, 2000) whilst not constituting rigorous research, being in the main anecdotal in nature, nevertheless succeeded in focusing attention on the problem and prompted more rigorous research to be undertaken.

G.7.2.1
Syllabi - Changes and Content
From the implementation of the GCE A Level in 1951, the first major change to mathematics syllabi was the introduction of statistics in the 1970’s. This allowed students to choose from single A Levels in Pure, Applied, Pure and Statistics or Pure and Applied. Savage, Kitchen and Sutherland et. al., (2000:2), refer to the 1960’s as:

A “golden age” for A level Mathematics in which able sixth formers, aiming for university, were inspired and stretched by a very talented teaching force.

It seems evident that the introduction of statistics in the 1970’s was the first major point at which GCE A Level Mathematics syllabi began to lose their status as a defining measure of mathematical ability. The government became more involved with the curriculum and by the 1980’s universities no longer had control of syllabi. Courses are now validated by the QCA (Savage, Kitchen & Sutherland et. al., 2000:2).

After the implementation of GCSE Mathematics, it soon became obvious that there were significant problems for students as they moved, relatively unprepared, to the more demanding GCE A Level Mathematics syllabi. The implementation of new A Level courses in the 1990’s resulted in mathematics syllabi containing an even wider range of options, namely, pure, mechanics, statistics and discrete mathematics. Savage, Kitchen and Sutherland et. al., (2000:2) describe the introduction of GCSE and the impact that it has had on A Level Mathematics:

At a stroke A level mathematics was undermined in a key area from which it has not yet recovered!

During the 1990’s there was a decrease in the pure mathematics core from 40% to 30% and many examining boards introduced modular syllabi. These changes along with the new diversity of choice aimed to make mathematics more popular and accessible (Savage, Kitchen & Sutherland et. al., 2000:2-3). 

Further changes were introduced with Curriculum 2000 whereby students in the first year of A Level study were required to study 4 subjects at AS Level, continuing in the next year of their study with 3 of these subjects at A Level. These changes to the curriculum resulted in abysmal AS level results in mathematics, as students were required to sit examinations for 3 modules in the first year of study rather than 2, which had generally been the case previously. This resulted in a high failure rate and both Porkess (2003:12) and Smith (2004:8) report that, for mathematics, these reforms proved disastrous. It is reported by Porkess (2003:12) that in summer 2001 many students who had taken the AS Level in mathematics did not continue with the subject at A Level; this resulted in a decrease of approximately 12,000 students taking A Level Mathematics in 2002. 

Prior to September 2004, modular A Level Mathematics examinations usually consisted of 6 modules, of which 3 were pure and 3 applied; however, from September of that year more changes were implemented. The content of the 3 pure modules became spread over 4 modules with only 2 applied modules being taken. Therefore, this new A Level is comprised of 5/6 of its previous content and cannot cover as much material as was previously the case, which is an issue of which universities need to be aware. On the other hand, as a result of the changes, AS Level Further Mathematics will now be available to more students, and students undertaking this qualification will have encountered more mathematics than was the case with A Level Mathematics prior to the 2004 changes (Porkess, 2003:16). However, it is too soon to determine the effects of these changes in relation to student achievement and uptake (QCA, 2006:4).

For a number of years there has been serious concern and debate regarding the content of GCE A Level Mathematics. Patrick (1996:9) draws attention to two differing points of view that exist with one faction claiming that the examination is more difficult than other subjects and the other claiming that the subject is not difficult enough as students with A Level Mathematics are ill-prepared for the demands that HE places upon them. She continues by stressing that these arguments are not productive and cites the work of Sutherland and Pozzi as being a more sensible approach. In an engineering context, Sutherland and Pozzi (1995:9) raise issues relating to the mathematical knowledge that can reasonably be expected from pupils with A Level and the mathematics that is actually required by engineering students.

It is not only the reduction of algebra and proof in GCE A Level Mathematics that is proving to be a cause for debate. Hibberd (1996:376) expresses concern over the number of available syllabi, which give rise to diversity in the areas of mathematics that students have encountered. There is also a wide choice of possible module combinations, and Hawkes and Savage (2000:iii) point out that the option of statistics, rather than mechanics, provides less underpinning of pure mathematics. It is also recognised that mechanics modules provide a firm foundation for engineering yet Robinson, Harrison and Lee (2005), in a survey of approximately 20% of the schools in England, determined that over a quarter of these schools offer at most one GCE A Level mechanics module.

After investigating the changes that have taken place in GCE A Level Mathematics, Hoyles, Newman and Noss, (2001:829) deliberate that “changes put in place to make mathematics more widely useful may result in it losing just those features that make it marketable”.

An interesting perception of the changes that have taken place in A Level Mathematics and the impact these have had on student understanding is given in Cox (1994:15) who cites a teacher describing the situation as:

A change from a small but deep pond in which students would swim and explore thoroughly, to a large shallow lake in which they can survive only by alighting on the odd stepping stone providing easy footing, such as partial fractions, inequalities, inverse functions and standard differentiation and integration.

G.7.2.2
Uptake and Pass Rates

The prevailing view that science and mathematics appear to be difficult subjects has led to concerns that teachers may, in some instances, be encouraging their pupils to choose non-science subjects at GCE A Level with a view to raising their ‘league table’ ranking. Whilst there is little more than anecdotal evidence for this suggestion it is considered to be an issue worthy of government consideration (Roberts, 2002:75). The same issues are addressed by Smith (2004:13), with the additional comment that this perceived difficulty has implications for students who are seeking the grades at GCE A Level, which will enable them to obtain a place at the university of their choice. He considers these issues to be a contributing factor to the number of students who continue to study mathematics at A Level. The issue of school league tables and examination results has also been referred to by Gill (1999:84), who reflects that a result of this is “teachers teaching to the test”, and continues:

This has always gone on to some extent and it is probably unavoidable. However, the emphasis on league tables has increased the pressure. This is producing cohorts of students who are good at passing certain styles of examination regardless of content.

Between 1989 and 2000 there was, overall, a reasonably steady growth in the number of students taking A Levels, from 661,591 in 1989 to 771,809 in 2000. However, during the same period, the percentage of candidates taking A Level Mathematics had been in almost steady decline, mathematics accounted for 12.8% of the total in 1989 and had fallen to 8.7% by 2000. As a result of Curriculum 2000, the overall number of A Level Mathematics candidates fell from 67,036 in 2000 to 53,940 in 2002. By 2003, the percentage of candidates taking A Level Mathematics had dropped to 7.5% (Porkess, 2003:13). Another significant change has been the number of students who take two A Levels in Mathematics (these qualifications are now referred to as Mathematics and Further Mathematics). Since 1965 there has been over a 60% reduction in students taking Further Mathematics (LMS, IMA & RSS, 1995:12). The same issue is also raised by Hoyles, Newman and Noss (2001:834), citing Heard, they report that in 1997, in England and Wales, only 12% of students undertaking A Level Mathematics also studied Further Mathematics A Level compared to 36% in 1965.

On an almost yearly basis since the mid 1980’s there have been concerns regarding the increase in A Level pass rates and grade achievements. There exists an annual event of newspaper headlines and television coverage suggesting that grade dilution is taking place and A Levels are becoming easier. The headline of a Daily Mail article by Clarke and Harris (2002) stated “A-levels: A 100% Pass Rate by 2004”. One exception to this was in the summer of 2002 when newspapers raged about the ‘A Level scandal’ and students being cheated from obtaining higher grades, which prompted the government initiated inquiry into A Level standards. Many syllabi contain some coursework, which enables students to submit work without the pressure of an examination. However, this is now under investigation and on the 6th October 2006 the QCA announced that coursework will be removed from Mathematics GCSE syllabi (http://www.qca.org.uk/2586_17443.html). Additionally, the modular examination system allows students, if they wish, to re-sit examinations in an attempt to improve their overall A Level grade.

Prior to 1986 there was a more or less fixed percentage of the cohort that would be awarded each grade. The LMS, IMA and RSS (1995:15) investigated A-Level standards and detailed the following percentages for A Level Mathematics, prior to 1986 as, “Grade A was awarded to about 10% of the candidates, Grade B to 15%, Grade C to 10% and so on with 30% being condemned to fail”. There has been an increase in the percentage of higher grades obtained and in 1994 these were “A 25%, B 18%, C 16.5%, ‘Fail’ 15%”. The evidence presented to the group did not suggest that the 1994 percentage that obtained Grade A in A Level Mathematics performed at a level that was comparable with the percentage obtaining the same grade prior to 1986. They continued by writing:

There is no doubt that there has been, in an obvious sense, a devaluation of grades.

More recent A Level Mathematics results listed by Smith (2004:63) show that the number of candidates obtaining a Grade A had risen to 39% in 2003. In relation to the distribution of grades, comments received from respondents suggest that:

The more able students entered for A-level mathematics are insufficiently challenged and the least able are frequently overstretched.

(Smith, 2004:94).

That it is difficult to compare modular courses is acknowledged by Roberts (2002:71). He explains that whilst there have been changes in the characteristics of examination papers between 1975 and 1995 the standard of A Levels has been maintained. Tomlinson (2002:8) refers to the importance of measuring students’ performance at A Level against a predetermined level rather than against that of their peers and writes:

If 100% of students reach the standard then 100% should pass, and that outcome should not be seen as a ‘lowering of standards’.

Preliminary findings from the Nuffield Review of 14 to 19 learning confirm that problems with numeracy, amongst even the brightest students, are commonplace (Times Higher Education Supplement, February 10th 2006). A final year project (unpublished) undertaken by Wright (2002) at Loughborough University to investigate the question ‘Is A-Level Mathematics Becoming Easier?’ concluded:

Overall, the results and implications of both the personal analyses and the survey lend weight to the contention that A-Level Mathematics examinations have become easier and there is confidence that this conclusion holds a credible amount of validity... .

G.7.2.3
Issues and Worries

“Mathematics matters” are the opening words written by Tikly and Wolf (2000:1), who continue by cogently summarising the importance of mathematics for the UK in the 21st century and the place that teachers have in this process. However, they make the worrying observation:

Yet in the United Kingdom, mathematics education is in crisis, and, with it, individual opportunities for development and the future economic prosperity of this country. We cannot recruit or retain the mathematics teachers that we need, so that, already, large numbers of our pupils are in mathematics classes without a mathematically qualified teacher. We are creating a vicious circle, whereby a poor supply of mathematics teachers today ensures an even greater shortfall in the future; a shortfall not only in teacher supply but also in the abilities and understanding of a whole generation.

They conclude that this can only damage the quality of degrees in a wide range of key disciplines. This belief that mathematics education is in crisis is also endorsed by Mustoe (2002:69) with the added comment that “it is in danger of being in free fall”.

A large number of competent mathematics teachers are now in their 40’s and 50’s and will shortly be retiring without experienced replacements being available to fill their places. With the broadening of mathematics syllabi and the range in ability and background of pupils the task of the mathematics teacher has been getting progressively more difficult and pressured, and:

Even good schools are finding it almost impossible to recruit acceptable new mathematics teachers. Many posts are filled mainly by people who are not mathematicians and do not have a sound background in the subject.

(Savage, Kitchen & Sutherland et. al., 2000:4).

Smith (2004:3) confirms that the shortage of specialist mathematics teachers is an area of concern, and identifies that there is a need to “support and nurture all teachers of mathematics”. One important issue related to the teaching of mathematics is that of the combination of subjects being chosen at A Level. In 1965, 38% of students taking A Level were studying mathematics and science; however, by 1993 there were only 16% of A Level students studying these topics. Students are often encouraged to choose a selection of A Level subjects from both the arts and science, whilst this results in a broader education, the deeper understanding that would have been gained by studying, for example, mathematics and physics, is being lost (LMS, IMA & RSS, 1995:12).

It is pertinent to mention that A Levels now cater for a wider range of ability than was previously the case. The role of A Level Mathematics has changed to that of an accessible part of general education and is “no longer being designed as a tool for serving the needs of university mathematics” (Hoyles, Newman & Noss, 2001:838-842). Kent and Noss (2003:9) highlight the fact that “it is now accepted that A-level no longer provides what it used to as a preparation for university study and significant steps are now under way to reform the whole school mathematics curriculum”. The changes that have taken place in the school curriculum are also succinctly acknowledged by Croft, Hibberd and Lawson et. al., (2000:78) with the contribution “certain skills, well developed in the past, can no longer be assumed, particularly in algebra”.

G.7.3
Mathematics in Higher Education

That the radical changes made to the pre-19 mathematics curriculum would have a serious impact on HE is not surprising. Since the arrival at university of the first candidates who had taken the GCSE examinations, there have been numerous journal articles concerning the mathematical accomplishment of these students. Problems are now experienced in numerate disciplines throughout the HE sector and there is a growing need for additional mathematics support and remedial measures.

The concerns that were being raised by academics regarding the mathematical ability of incoming students led to a number of investigations being undertaken. In 1994 the Engineering Council commissioned a report to investigate speculation and anecdotal evidence concerning the changing mathematical background of undergraduate engineers. In 1995 the LMS, IMA and RSS investigated concerns amongst mathematicians, scientists and engineers in HE about the mathematical preparedness of new undergraduates. On a wider scale, the Gatsby Charitable Foundation sponsored a seminar in 1999 to investigate the same issue but in Departments of Mathematics, Physics and Engineering. Section 2.3.3.1 details the reported difficulties, findings and recommendations from these, and other, investigations. The particular problems that are being reported by academics are covered in section 2.3.3.2, section 2.3.3.3 looks at the effects these changes are having on students, lecturers and mathematics departments and section 2.3.3.4 investigates the measures that have been taken by universities to alleviate the problems.

G.7.3.1
Reported Difficulties, Findings and Recommendations

Initially, evidence regarding the decline in students’ mathematical expertise was anecdotal, with comments being made that students were unable to cope with basic mathematical concepts and even those students who had obtained high grades were experiencing difficulties with algebra and calculus. It was these concerns that led the LMS to establish a working group to identify the difficulties and to make suggestions for improvement. Since the mid 1990’s this difficulty, perceived by those in HE, has been referred to more explicitly and concisely as a decline in the ability of incoming undergraduates (Savage, Kitchen & Sutherland et. al., 2000:3). Kent and Noss (2003:9) also refer to the problems that have arisen since the mid 1990’s, whereby in numerate degree courses there is a breach between the expectations of those in the HE sector and the mathematical ability of incoming undergraduates.

The primary finding of the LMS, IMA and RSS (1995:5) is that there exists a serious problem in the UK regarding the declining and inadequate number of undergraduates embarking upon mathematics, science, engineering and technology courses, and also, with the inadequate mathematical preparedness of students on these courses. That there has been a steady decline, since the 1990’s, with the use and familiarity of what are considered to be basic mathematical skills is upheld by Hawkes and Savage (2000:iii). They confirm that there is a lack of preparedness amongst undergraduates for the mathematics that they will encounter and make it known that, across the whole spectrum of universities, there are difficulties being encountered by those staff who teach modules that are dependent upon mathematics. Likewise, Sutherland and Pozzi (2000:5), determined that amongst engineering students their mathematical knowledge was weaker than it had been ten years previously. 

Claims made by academics in HE that there was a serious decline in students’ ability to deal with algebraic manipulation, to deal with multi-step problems, and a lack of understanding relating to the importance of precision and proof within mathematics were investigated. That these criticisms are justified was upheld by the LMS, IMA and RSS (1995:2, 10-11), who failed to find any evidence to the contrary in their investigations. Dearing (1996:96) refers to the need for more algebra in A Level and mentions the concerns that have been expressed regarding limited perceptions of the role of precision and proof.

Criticism from Mathematics, Science and Engineering Departments in HE of incoming students’ lack of mathematical fluency and reliability in numerical and algebraic manipulation, their decline in analytical powers compared to that of the early 1980’s and their lack of comprehension that mathematics is a precise discipline were investigated and found to be justified (LMS, IMA and RSS, 1995:8-11). This is in accord with one of the issues of major concern identified by Smith:

The failure of the current curriculum, assessment and qualifications framework in England, Wales and Northern Ireland to meet the needs of many learners and to satisfy the requirements and expectations of employers and higher education institutions.
(Smith, 2004:3).

Another issue is that whilst recent changes may have been advantageous for some pupils, they have disadvantaged those who continue to study mathematics beyond school (LMS, IMA & RSS, 1995:2). This is in accord with Kent and Noss (2003:9, 24-25) who also add that it is agreed by all who are involved with mathematics in the UK that A Level Mathematics no longer provides the building blocks for those courses in HE, which contain a mathematical element. There are several causes, which underpin the mathematical difficulties that are being encountered; these include the many different topics that may or may not have been covered at A Level and the small core of material that is common to all syllabi. These difficulties are also compounded by the fact that many students have not undertaken any mechanics modules and there has been a noticeable decline in their knowledge of calculus. A questionnaire that was distributed by Kent and Noss during their investigation identified calculus as “a near-universal problem”.

Given the divergence of the school mathematics curriculum and the level of mathematical competence that is expected by HE institutions it is not surprising that many students enrolled on engineering and mathematically-based undergraduate courses find the mathematical content beyond their grasp. Undergraduate courses frequently commence at a level above that encountered in A Level syllabi. Furthermore, even students with good A Level Mathematics grades often possess insufficient knowledge or ability to use, successfully, the mathematical techniques that are expected at university. This has resulted in many universities running some form of remedial course for their new undergraduates to enable them to progress through their chosen degree programme. In a 5-year review of standards, the QCA, in 2001, found that between 1995 and 1998 the pure mathematics content of GCE A Level was generally “less algebraic and more structured or tested to a less demanding level”, with variability existing between different examination boards (Roberts, 2002:8, 89-90).

The reduction of algebra in GCE A Level syllabi, since 1995, has given rise to greater emphasis being placed on problem solving in real-life situations, with a consequent reduction in the more formal presentation and abstract application of mathematics. Evidence from HE suggests that these changes have resulted in “a generation of young people who have extreme difficulties in using mathematics at all, whatever the context”. This gap between what incoming undergraduates know and what universities would like them to know is, however, not only due to changes in the curriculum. On some courses where universities are experiencing difficulty in sustaining recruitment levels, such as engineering, they are not in a position to demand the mathematical qualifications that they would ideally like the incoming students to have (Sutherland, 2000:75-77).

The diversity and range of qualifications with which students enter undergraduate courses is also a problem (Hawkes & Savage, 2000:iii). Students without a qualification beyond GCSE Mathematics are inadequately prepared for any degree course which has a mathematical requirement. It is not only that topics encountered in GCSE are covered in insufficient depth, but also that the recall of these topics inevitably diminishes during the intervening years between obtaining the qualification and entering university. It has also been found that for students entering engineering and science disciplines, the Advanced GNVQ qualification does not adequately prepare them for the mathematical elements of their courses (Sutherland, 2000:82-83). The Advanced GNVQ is deemed to be equivalent to two GCE A Level passes (Holt, Andrews & Boyd et. al., 2002:233). This is in accord with Lawson (2000:89-92) who has determined that, at Coventry University, students who have obtained Advanced GNVQ qualifications are less well prepared for university courses, with a mathematical content, than students from the traditional A Level route whatever their achieved grade.

With incoming cohorts, on some undergraduate courses, possessing such a wide range of mathematical knowledge and ability, it has become necessary for universities to provide some form of support to enable them to cope with the demands of their chosen degree. It is not viable for universities to teach students, with this range of ability, the underlying body of mathematics that is needed to enable understanding of the material being encountered at undergraduate level. Academic staff should be involved with communicating the intricacies of their particular discipline, not with teaching the basic mathematics that is needed for progression (Sutherland, 2000:84). For those students with a weak mathematical background, the level of support that they require is generally unavailable at universities. Whilst many institutions provide some form of mathematical support, there is evidence that this support does not meet the requirements of those who are most in need of it (Sutherland, 2000:81). 

It is also becoming apparent that the problems being encountered at undergraduate level are affecting the numbers who continue to postgraduate study. In March 2005, key personnel met to discuss the question “Where will the next generation of UK mathematicians come from?” Their report not only noted “the failure to produce an adequate supply of high quality, home-grown graduates” but also referred to this lack of UK postgraduates, stressing that “in order to maintain the quality of postgraduate recruitment, public funds are increasingly being used to support students from other – mostly EU – countries” (Manchester Institute for Mathematical Sciences, 2005).

The arguments that have been offered, so far, all support the view of a mathematical deficiency in the majority of students entering undergraduate courses with a quantitative element. Whilst what has been written might be perceived to be a one-sided argument, the literature is almost all in accord with the problems and difficulties that have been expressed here. 

Nevertheless, referring to the 1995 changes to A Level Mathematics, which resulted in the loss of some topics such as complex numbers and partial fractions, Porkess (1996:359) concludes that:

Those university lecturers who are complaining about the loss of these particular topics from A level Mathematics are missing the point. What they are observing is a completely different effect: that they are now accepting single subject students who have not done Further Mathematics.

The suggestion that universities have not taken sufficient action to address the problems has also been raised. Thomson (2004) reports that Professor Smith, when speaking to The Times Higher, after submission of his report ‘Making Mathematics Count’, commented that:

Universities have a legitimate evidential whinge that competencies in maths are not what they were ten or 15 years ago, but they could have done a lot more to help solve the problem rather than just identifying it.

However, the continuing existence of universities shows that they have responded to the changes in the mathematical background of their incoming students. The changes that have taken place include the redesigning of first year courses, the provision of supplementary courses in mathematics, the introduction of workshops, small group teaching and the running of preliminary courses. Moreover, individual institutions are shouldering the financial implications of these measures (Sutherland, 2000:83).

It is recommended that all new undergraduates, commencing courses with a significant mathematical element, should have a diagnostic test on entry to university. In 1999, it was established that in at least 60 departments of mathematics, physics and engineering, the administering of diagnostic testing, to new undergraduates, was taking place. These diagnostic tests play an important role in identifying those students who are at risk of failing, either due to their mathematical weaknesses or to their inadequate mathematical background. After identification these students can be provided with additional support. Once mathematical shortcomings, amongst incoming undergraduates, have been identified, programmes can be designed to match the general range of ability of these students, thus helping to remove any unrealistic staff expectations. It is also necessary to provide prompt and effective support to those students who are deemed as a result of diagnostic testing, to be at risk (Hawkes & Savage, 2000:iii-iv).

Whilst it is not feasible that GCE A Level mathematics syllabi can return to that of approximately 15 years ago, it is important that the role of this qualification, as a basis for degree level study, in science, technology, engineering and mathematics courses, is considered. The QCA and other awarding bodies, in reviewing the content of GCE A Level and AS Level qualifications, must consider this issue. Additionally, HE institutions must realise that it is not beneficial to overload the content of GCE A Level Mathematics and they should have some flexibility regarding the ability and knowledge of incoming students (Roberts, 2002:90).

It is also recommended that HE institutions should examine and adjust their courses in science, engineering and particularly mathematics to help students make a smooth transfer from school to university. This would be especially beneficial to those students who would previously have been unlikely to enter HE. The government should also fund HE institutions to run support courses and use e-learning programmes to assist students with the transition to HE. To prevent students being discouraged from reading science and engineering subjects, the government should, in three years time, review the progress that has been made in reducing the mismatch between GCE A Level Mathematics and the starting point of undergraduate courses with a mathematical content (Roberts, 2002:93).

The government, in their response to the Smith report, have published details of the measures that are to be taken to address the problems that were raised. These include the establishment of a ‘National Centre for Excellence in the Teaching of Mathematics’, the viewing of proposals for changes to the 14-19 curriculum that will stretch the most able and extend the availability of Further Mathematics through the provision of centres for this purpose (DfES, 2004:34, 39,43). It is not yet possible to comment on the success or failure of these proposals as the students being subjected to these endeavours have not yet arrived in HE institutions.

Research has also been undertaken by a member of the National Teaching Fellowship Scheme to evaluate the quality of provision of service mathematics teaching. Egerton (2000:7) emphasises that the issues relating to mathematics support must be given serious attention.

As aspects of mathematics are embedded in so many subjects – indeed mathematics can be said to be embedded at the core of our culture – it is vital that we investigate and focus on the best practice in supporting student learning in our area.
G.7.3.2
The Voice of Academics

Not only are there problems with GCE Mathematics but the situation has arisen whereby students are entering university courses, for which GCE A Level is not a pre-requisite, with only a rudimentary knowledge of mathematics. These students lack basic mathematical skills and are faced with the need to take remedial action.

It is explained by Croft (2000:22) that mathematically weak students, in addition to coping with the progression of their course, also need to spend extra time and effort to address their underlying lack of knowledge. This rarely seems to work and the disparity between the expectations of university departments and the ability of incoming undergraduates often results in, “a tremendous amount of unhappiness and misery for the affected students, and puts teaching staff in a no-win situation”. This is also endorsed by Mustoe (2001), who elucidates that mathematical knowledge cannot be acquired quickly and it is not possible for students to fill in the missing pieces of underlying pre-requisite knowledge and at the same time cope with their ongoing undergraduate course. 

One area that has given rise to numerous publications, is the near absence of mathematical proof in GCE A Level syllabi and examinations since the 1990’s. Cox (1994:11-21) raises the issue regarding the disappearance of proof from GCE A Level examinations and suggests that it should be both reintroduced into the school mathematics curriculum and also assessed. He also suggests that many pupils are able to obtain good results at GCE A Level by, “strategic learning”. This, he explains, is where students put their efforts into learning standard topics that are likely to be examined at the expense of acquiring a deep understanding in key areas of mathematics. 

Anderson (1996:129-134) elaborates on this absence of proof, pointing out that whilst mention is made of concepts such as ‘proof’ or ‘counterexample’ in A-Level syllabi “few examination questions are set which demand any depth of understanding or which require any creativity in the process of justification”. He also mentions the demise of traditional Euclidean geometry from syllabi and the fact that pupils now encounter algorithmic techniques (mainly algebraic) which do not require abstract thinking into what is actually happening. He continues by citing the example of proof by induction, stating that, for students:

Most do not understand why proof by induction is a valid method of justification and indeed regard it as a confidence-trick.

He also emphasises that the little proof that was in GCE A Level syllabi had, in the 1996 syllabi, been relegated to Further Mathematics; and concludes that it is worrying that a large number of incoming undergraduates display a lack of knowledge and naivety about the reason for and purpose of proof, with many students being unaware of the mathematical tools that are available to them. He advocates that there is nothing to suggest that this state of affairs will improve and recommends that it would be beneficial if students were exposed, at an earlier date, to notions of proof.

That the situation has not improved is confirmed by Almeida (2000:869-890), who explains that changes to the curriculum in the 1980’s and 1990’s, whilst broadening the range of mathematics encountered at school, have resulted in the near extinction of proof from syllabi. This has, in turn, led to difficulties being encountered by students when they encounter proof at undergraduate level.

Other areas in which students are repeatedly reported to experience difficulties and exhibit weaknesses are with algebra and with rigorous application of the mathematics they encounter. At an International Congress on Mathematics Education (ICME-9, 2000), the Working Group WG5A reported that speakers, from several countries, had expressed concern that new undergraduates are now less familiar with algebra, traditional mathematics and the rigour with which mathematical techniques should be applied. However, on a more positive note, it was also mentioned that new undergraduates do arrive at university better prepared for group work and the technology they encounter than was previously the case. Gill (1999:86-87) and Gordon (2004:16) found that many students are not able to cope with the mathematics they encounter at undergraduate level, are weak in their understanding of basic concepts and unable to apply mathematical techniques in the context of their chosen discipline. A significant challenge is emerging for mathematics departments who are struggling to preserve the integrity of their mathematical programmes and at the same time meet the needs of the departments for which they provide service teaching (ICME-9, 2000). 

In 2000, as detailed earlier, Hawkes and Savage recommended the introduction of diagnostic testing for all new undergraduates in disciplines where mathematics played an integral part. Results of diagnostic testing, which has been undertaken over a period of years, have not only identified those students who are considered to be at risk of failing the mathematical elements of their course but have also served to emphasise the decline in mathematical ability of incoming undergraduates. Lawson (1997:155-156) administered diagnostic testing at Coventry University between 1991 and 1997 and determined that there is little difference between those students who entered the University in 1991 with GCE A Level at grade N and those entering in 1997 with GCE A Level at grade C.

Lawson, in the report ‘Measuring the Mathematics Problem’, cites Professor Mathew of the University of York who has used the same diagnostic test on incoming undergraduate physicists from 1979 to 1999. This testing showed that there was little change in performance until 1990. In 1990 there was a noticeable decline in achievement followed by a steady decline from 1991 to 1999 (Lawson, 2000a:10). This trend is also confirmed by Todd (2001:152-156) who has demonstrated that over a 15-year period, students in an engineering department at the University of York, with apparently identical GCE A Level grades, have shown, as a result of diagnostic testing, a severe decline in their mathematical skills. Speaking at a seminar held at Loughborough University on 3rd November 2004, Todd explained that he is no longer administering diagnostic testing to engineers in his department as the results being obtained are no better than those which could be achieved by random guessing by the students.

Academic staff are not just bemoaning the mathematical ability of incoming students, they are painfully aware that there is now a gap between the starting point of many courses and the ability of incoming students. Cox (2001:847-861) using the results of diagnostic testing has compared the expectation within HE of students’ knowledge with their probable preparedness in a range of topics. He found that whilst some departments do have realistic expectations regarding the knowledge of incoming students, others seem to have expectations that exceed student capability. Sleeman (2000:25) explains that it was this gap between expectation and ability which prompted the introduction of diagnostic testing at the University of Leeds, with subsequent follow-up support being offered.

Even with lecturers’ awareness of the ability of incoming students from traditional backgrounds, and of those entering university as a result of the government-driven endeavour to widen participation, there still remains a gulf between the expectation by lecturers and the realistic achievement of students. Students with high grades now struggle with concepts that would have been easily mastered ten years ago. This variability of knowledge within the student cohort makes it difficult for lecturers to deliver topics at a level that will suit the majority of the group (Mustoe, 2002:67-69).

Savage and Croft (2001), whilst acknowledging that universities must support students with a weak mathematical background, also explicate the question of whether there is a problem with mathematics at university:

The Universities are in no doubt – there is a problem and it has been getting worse since 1990.
G.7.3.3
Effects of the Changes in Mathematical Background

An increasing number of young people in the UK are now entering university and the gap between the mathematics that is taught at school and the mathematics that is encountered upon entry to university, is proving to be a barrier to progression. Whilst policy makers might take the view that students will be able to learn what they need when they need it, the evidence from HE is that this is not the case (Sutherland, 2000:101).

There is an indication that the mathematical content of many engineering degree programmes are being modified to match the mathematical background of the incoming students (Sutherland & Pozzi, 1995:9). However, whilst this might help to avoid a high drop-out rate of students with a weak mathematical background on engineering courses, it impedes the progress of the more mathematically competent students (Croft, Hibberd & Lawson et. al., 2000:78-79).

Kent and Noss (2003:15-16), in their report to the Ove Arup Foundation, recognise that, in an engineering context, “Mathematics is both a problem and an opportunity for universities”. There are opportunities arising through the growing power of computers to break new frontiers in civil engineering construction, whereas problems are evident in the mathematical education of students. Pyle (2001) spells out the problem that is being experienced in universities:

Each year the A-level results come out showing increased pass rates, yet we do not see any improvement in the ability of students to tackle the mathematics of engineering degree courses. ... The situation is serious, and getting more so. Most university engineering departments now find it necessary to provide remedial teaching for students whose mathematical foundations are not adequate for university first-year maths. ... The problem does not diminish in later years, as students need to have absorbed the mathematics of the earlier year before they are ready to advance to more advanced material.

Universities in the UK do not have the resources to cope with the diversity of mathematical knowledge that first year undergraduates bring to their institutions and it is not feasible for them to have to teach students from such wide-ranging backgrounds (Tikly & Wolf, 2000:1; Sutherland, 2000:85). Not only is it recognised that there is pressure on departments to reduce the mathematical content of courses to match the incoming student ability but there is also a need to minimise the student drop-out level to avoid loss of revenue. This has resulted, in some disciplines, in students being allowed to progress through their course even if they fail their mathematics modules. Additionally, there is a perception that the effectiveness of an institution, might be judged, by the number of first class and upper second class honours degrees that it awards (LMS, IMA & RSS, 1995:23). 

LMS, IMA and RSS (1995:23), Sutherland (2000:84) and Mustoe (2002:68) are all in agreement that these pressures are likely to devalue the quality of degrees that are awarded. If the mathematical ability of students in the UK is less than that of other countries in Europe, this raises the serious issue that the UK will become more dependent on European countries for inventions, specialists and products. “It is essential that our national aims and objectives for education in mathematics should take full account of what is being achieved in other countries” (LMS, IMA & RSS, 1995:6, 19). This is endorsed by Croft, Hibberd and Lawson et. al., (2000:78-79) who emphasise that consideration must be given to the provision of an adequate mathematical content to ensure that UK students are not disadvantaged when compared to students from elsewhere in Europe. Gordon (2004:29-30) also cautions:

If universities do allow mathematics departments to wither, the knock-on effect could be immense. ... As a country, we are in danger of letting mathematics suffer long term damage.

G.7.3.4
Measures Taken by Universities to Address the Problems

Many universities, as mentioned previously, now use diagnostic testing to identify those students who are likely to experience difficulties with the mathematical element of their course. Those students who are identified as being at risk of failing are then often given follow-up support. It is emphasised by Savage and Croft (2001) that providing follow-up support is often difficult, nevertheless, universities are undertaking many different measures to provide such support. These measures include grouping by ability and teaching these groups separately, employing school teachers to teach, rather than lecture, the weaker groups, extended teaching hours and the introduction of remedial lectures. 

In addition to diagnostic testing many universities now administer CAA on a regular basis, not only to encourage students to work throughout the semester but also to obtain ongoing information about student ability and areas of difficulty that are encountered. A great deal of work has gone into improving this form of testing and it is possible to provide constructive feedback. Greenhow, Nichols and Gill (2003, 25) explain that incorrect input, as a result of commonly made errors, can be recognised and feedback such as “You have forgotten to divide by 2” can then be given. It is not only incorrect answers that have the potential for feedback, Greenhow (2000:24) gives the example of a question asking for 102x103 to be evaluated with answer options including 105 and 100,000, which are both correct. For students who selected 100,000 the feedback “Are you using a calculator? If so please don’t!” could then be given.

Other routes that have been taken by university departments, to cope with the teaching of mathematics to first year undergraduates, include the redesigning of first year courses in mathematics, the provision of remedial assistance, drop-in support and computer based mathematics learning centres (Savage, Kitchen & Sutherland et. al., 2000:3). Sutherland (2000:83) cites the introduction of additional maths courses and small group teaching by universities as evidence that they are attempting to deal with the changing mathematical background of incoming undergraduates. More recently, some universities have introduced summer schools, which teach fundamental basic mathematics and are attended by students prior to the commencement of their undergraduate courses and other universities include a portion of foundation material in their first year mathematics courses. Support is also provided via workbooks and computer based learning and many universities have also introduced mathematics learning support centres (Gordon, 2004:21, 27-29).

A survey of 106 universities in the UK found that more than 60% of them are offering some form of mathematics support to their undergraduates. This support ranged from peer support to fully staffed mathematics learning support centres and is discussed in Chapter IX. Amongst those universities that did not offer learning support there were several who would like to implement some form of support but were unable to obtain funding to do so (Perkin & Croft, 2004:14-18). For those universities who would like to introduce some form of mathematics support, there is literature available to help them; Lawson, Croft and Halpin (2003) have authored a guide to the establishment and development of mathematics support centres in HE. 

A booklet entitled ‘Maths Support for Students’ published by the LTSN MathsTEAM Project is freely available (http://www.ltsn.ac.uk/mathsteam). This publication disseminates current practices and measures that have been taken by universities, across the whole spectrum of HE, to deal with the challenges that are being faced. Examples of the support that is on offer include a three-stream mathematics system whereby students are allocated to one of three different streams according to their pre-university qualifications and the results from a diagnostics test taken on entry. They are then taught and examined at an appropriate level. Many universities now send Algebra Refresher and Calculus workbooks to students prior to their entry to university. Additional lectures, bridging courses, transition modules and summer schools are also increasingly being provided.

Leeds, Loughborough and Coventry Universities, the ESB Trust, Media Inc and several of the Learning and Teaching Support Network (LTSN) Subject Centres have developed a national support framework to help students with the transition from school mathematics to university mathematics. The support is provided through the mathcentre website (www.mathcentre.ac.uk), and a DVD-Rom disk set, mathtutor. 

On a broader scale, there is evidence of an unacceptably wide chasm between the number of children from working class backgrounds entering university compared to those from professional backgrounds. In some areas children from professional backgrounds are five times more likely to enter university than those from working class backgrounds. Universities are being proactive in their endeavours to widen participation by working with schools and colleges in low participation areas in an attempt to widen access (DfES, 2003: 17, 70). 

Additionally, HE institutions have now become involved in addressing the problem regarding the lack of availability, in some schools, of the option to take Further Mathematics GCE A Level. Participating universities are teaching this subject, at their own institutions, to pupils in their locality.

It is difficult to envisage what additional measures could feasibly be implemented by the HE sector.

All references for this Appendix are included in the references contained in the printed thesis (see pp336-348).
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