	Post-14 Mathematics Inquiry
Response from the Engineering Professors' Council (EPC)

The EPC has pleasure in submitting the following general responses to the questions posed in the paper distributed with Adrian Smith’s letter of 18th December 2002.

Input Factors
Policy/Strategy
Governments key role should be to ensure the long-term provision of sufficient young people possessing adequate basic mathematical skills to benefit from further study and lifelong learning. Government should ensure specifically that short-term expedients do not lead to such dramatic changes in direction that all those involved become frustrated.

Parents/learners
Parents have a critical influence on forming attitudes, and the perceived ‘difficulty’ of mathematics is all too often transmitted to children. Demonstrating ‘relevance’ to both parents and learners is thus a key requirement. All the many and varied branches of engineering provide a rich array of examples of the application of mathematics. Schemes bringing young practicing engineers into schools to demonstrate the relevance of mathematics in their everyday work should be promoted aggressively.

Teaching Resources
The attitude of teachers is as critical as that of parents, and in many cases more so given their study guidance role. There are simply too few qualified mathematics teachers in schools – qualifications being important to enable enthusiasm to be self-evident. Enhanced bursaries should be offered to attract and retain mathematics graduates in schools.

The use of HE students as teaching assistants in schools could be piloted as a short-term expedient, but only under carefully monitored conditions. The pressures on HE teaching staff are now such that seeking volunteers for school support is unlikely to yield sufficient numbers. However, recently retired professional engineers – from HE or industry – could be a more realistic source of teaching support.

Curriculum
Numeracy is now essential in all areas of employment and at all levels. However, the detailed content of the curriculum is less important than the development of a confidence in basic numeracy, and a facility to handle numerical data and concepts. Recent initiatives such as ‘Curriculum 2000’ have encouraged a piecemeal approach to learning which discourages the practice of fundamental manipulation. Such facility is central in all branches of engineering, where optimisation is usually the key to a successful design.

A much firmer grasp of fewer mathematical topics is generally felt to be the prime need at entry to HE. The mathematical ability at output from HE will vary significantly between the branches of engineering, although much useful work has been done by the Institute of Mathematics and its Applications (IMA) to identify the core curriculum for all engineers.

Pedagogy
Enthusiasm is the key to successful teaching, and practice the key to really understanding manipulative processes. Qualifications are thus most valuable when they serve to create, maintain or rekindle love of the subject.

Qualifications/Assessment
There is a growing recognition that we over-assess in many – perhaps all – parts of our education system, thus overloading both learners and teachers. The old farming saying that “you don’t fatten pigs by weighing them” seems to have been forgotten! More creative, applications-orientated formative assessment within school, linked to practical project work, should replace abstract summative assessment set externally.

The creation of a single examining body for all mathematics would seem a logical development to ensure a continuum of provision and clear progression routes.

The engineering profession has moved towards articulating output standards at degree level. This general approach should be central to establishing all qualifications in future.

Government performance tables have the potential to distort subject choice and teaching practices in a number of ways. Much greater care needs to be exercised in selecting the parameters used in any table and in stressing the significance and particularly the limitation of the resulting ranking.

Role of ICT
There is little doubt that computer-based learning technologies now exist to support teachers more effectively in the classroom, the greatest potential savings deriving from the shared use of common teaching material. However, the cost of development, delivery and maintenance is usually grossly underestimated; it needs to be properly funded.

It is sometimes argued that young people today exhibit other compensatory skills to replace their missing mathematical skills – for example computer-based abilities. However, there is a real danger, which is particularly critical in engineering, that an unthinking use of computer simulation without an adequate understanding of the underlying mathematics can lead to erroneous interpretation of the output. A basic numeracy thus remains essential irrespective of the sophistication of the modelling tools employed.

User Requirement
Basic mathematical literacy – i.e. applying numeracy skills - is an essential life skill in the 21st Century. A number of reports by the IMA, SEFI and others have identified the essential requirements for the engineering profession. Engineering has a particular requirement for mathematics as not only do engineers form conceptual models – as do many other professionals – but they need to be able to handle increasingly complex models and optimise them in different ways according to various constraints. This can usually only be done if the engineer possesses a reasonable degree of fluency in mathematics.

The needs of the engineering profession will inevitably change over time, but the essential numeracy, fluency in algebraic manipulation and a sound understanding of basic geometry and trigonometry will remain as core topics. Without such basic understanding, further topics such as differentiation and integration cannot be developed satisfactorily.

The steady decline in the mathematical ability of students entering HE has been measured and reported for many years by staff in a growing number of Universities. It is now almost universal to find “Remedial Mathematics Classes” in the first year of engineering degree courses, even at Universities able to attract students with high grades in Mathematics at ‘A’ level! This reflects a general decline in standards – ‘grade dilution’ - rather than inappropriate topics, although some of the essential core topics – such as algebraic manipulation – are strangely absent from some mathematics curriculum. This decline has been quantified in the Engineering Council report “Measuring the Mathematics Problem”.

Work by the EPC on Output Standards for Graduate Engineers has involved close liaison with employers. They tend to mirror the needs of HE in that it is basic transferable skills which are most lacking rather than any particular specialist areas.

Prof. Fred Maillardet
Vice Chairman, EPC.
14-April-2003
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Forum for senior academics responsible for engineering teaching and research in higher education.
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