	RESPONSE BY THE ENGINEERING PROFESSORS' COUNCIL TO THE KEY ISSUES CONSULTATION PAPER 

	Review of the Supply of Scientists and Engineers


	1.
Introduction
1.1

The Engineering Professors' Council (EPC) is a national body whose members are Professors and Heads of Departments in engineering higher education.  Our mission is promoting excellence in engineering higher education.  We have over 1200 members active in engineering teaching and research.  All engineering disciplines are represented. 

1.2

 The EPC's aims are
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To make the excellence in engineering higher education more widely known

[image: image2.png]



To enable engineering higher education to excel
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To secure adequate resources for engineering higher education

1.3

We welcome the Review of the Supply of Scientists and Engineers, which closely reflects EPC’s current objectives. These include
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To enthuse young people to study engineering
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To work with others to promote engineering nationally and internationally
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To enhance the flow of qualified research workers into engineering higher education

1.4 

EPC is pleased to submit our comments and we would be willing to meet with members of the review team to expand on our views if this would be appropriate.

1.5

 In responding we would like to point out that engineers are not only engaged in research, but also work in development, construction, production and maintenance as well as commercial and managerial roles relating to engineering. Exploitation of research also requires highly skilled engineers. 

1.6

We would also like to draw attention to the range of, and differences between, engineering disciplines. "Engineering" is as diverse as "science" and is far broader than engineering manufacturing.

2.
Skills and Skills Dialogue
Skills Needs
2.1 

For high level engineers working in research and development, fundamental engineering skills are essential. We believe that these can best be acquired within higher education (HE).

2.2

 We would expect that graduates would have an awareness of management and business issues, but that more in depth knowledge relevant to a particular company and industry sector would be gained post graduation. While some of this may be acquired in HE, it must be recognized that there is no substitute for experience. 

2.3

There has been a lack of a common format for the articulation of the output standards of engineering graduates. To address this, EPC has undertaken a project aimed at providing a methodology by which engineering graduate output standards can be both defined and expressed. An advisory group with a broad representation, including employer organisations, has guided the work. 

The objective of the EPC output standards project is to design an output standard model that meets the following criteria:
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it is a set of generic statements which articulates the output standard of engineering graduates;
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it is acceptable to government, industry, professional institutions, university departments, and the graduates themselves;
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it can be used when it is necessary for these different groups to communicate with one another on the subject of output standards.

The EPC expectation is that if such a model can be identified, accepted and used, a conventional peer group process will take place from which will emerge a consensus view of the acceptable level of the output standard for graduates from the wide variety of engineering programmes that are available. Such a standard would allow easier communication between HE and industry.

An interim report of the work (The EPC Engineering Graduate Output Standard, EPC Occasional Paper Number 10, December 2000) has been published.  A copy is enclosed. 

Work is continuing in particular on assessment and on compatibility of the Output Standards with the Benchmark Statements for Engineering published by the Quality Assurance Agency for Higher Education (QAA).

Communication Mechanisms
2.4

It is our experience that the majority of courses have advisory groups drawn from industry who provide a dialogue on course content and skills requirements. Universities do respond to industry needs when these are clearly articulated. However this clear articulation can be hard to achieve, especially when different industry groups have different needs.

2.5

Engineering is a discipline that benefits from practical illustration and experience. Strong links between academia and industry are vital.   All universities that teach engineering seek to be excellent examples of collaboration with industry, and many achieve this. Industry has as much of a problem as academia in achieving these links. 

2.6 

There have been excellent examples of collaboration between universities and industry on the development of undergraduate programmes that meet the needs of specific companies. This happened in particular in response to Finniston Report (Engineering Our Future, Report of the Committee of Enquiry into the Engineering Profession, HMSO 1980). Examples included courses at York, with British Telecom, at Bath, with Marconi, and at Lancaster, with EEV Ltd. It is to be regretted that these innovative and successful courses no longer exist because industry was not willing to continue its support in times of recession. Since the university timescales are so long (see 2.7), it is essential that some way is found to maintain industrial support. 

Planning Horizons

2.7 

Planning horizons for assessing future skills needs tend to differ between industry and universities. Planning timescales within industry are usually over a 1-3 year period. There is of necessity a much longer timescale within universities. While the development of a new course will take 1-2 years, the time from initial planning until the first students graduate is typically 4 to 6 years. It is generally not worthwhile for a university department to put effort into the development of a new programme unless it can be expected to continue in existence for at least five years

3.
Recruitment and Retention of Scientists and Engineers
3.1

To obtain high-class engineers and scientists, you need good educators are essential. The salaries of those teaching science and engineering at all levels must be increased substantially to ensure that it is possible to recruit and retain university teachers of the highest quality.  The introduction of technical pay scales, similar to clinical scales already available in HE must be urgently considered.

3.2

We simply do not recognize the salary levels reflected in Table 3A.  While there are a few academics who command these salaries, the figures do not reflect the norm. Salary surveys carried out by the major professional engineering institutions suggest that both median starting salaries and median mid-career salaries are lower in academia. For example the 1998 salary survey by the Institution of Chemical Engineers showed that median academic salaries were around the lower quartile for all members.

3.3

Academics and researchers are increasingly attracted into industry because the salaries are typically 1.5 times, or even in exceptional cases up to 3.5 times higher, and because the traditional advantages of academic life are being eroded. In the past year one of our members has had more unsolicited job offers than in any single similar period before, in two cases the salary on offer was almost 3 times his university salary.  Even highly ranked departments are finding the retention of staff, particularly the younger ones, increasingly difficult. Many academics work extremely long hours; academics moving to industry often find that an increased salary is accompanied by shorter hours.  Without a fundamental review of salary structures in universities, there will be a serious shortfall of scientists and engineers in universities.

3.4 

The use of "scarce skills scales" to allow universities to appoint individuals above or off scales should be introduced.

3.5

We are increasingly dependent on overseas postgraduate students to carry out research in UK universities. This is partly because of the shortage of good UK candidates and partly because of other, better-paid, opportunities for them. This predominance of overseas students is a concern for the future. If the majority of overseas students return home, we are exporting our expertise to our future cost.

3.6 

Student debt and academic pay are major inhibiting factors for UK nationals to enter research. Moreover there is very little evidence that the investment (i.e. deferred income) in doing a research degree pays back.  Salary surveys of engineers published by the major professional engineering institutions show that industry often does not reward the PhD with an enhanced salary until very late in a career. As a result of the initial income deferred, the net present value of a research degree is thus strongly negative. Research students must be better paid; however we believe that this would best be attained by increasing the RA1b scales for engineering as part of the introduction of the technical scales referred to in 3.1.

3.7

In certain areas however, e.g. computer aided engineering, newly qualified PhDs are very sought after and can demand significantly better salaries than before their training. This is not well publicised, neither are the skills that PhDs can bring to industry.

3.8

Many of the best scientists and engineers enter the business world where salaries are significantly higher than in industry. While we support those who wish to move into non-technical jobs, it should not be at the expense of retaining adequate well-qualified people in engineering and scientific posts. In particular, the attraction of the business world is making it difficult to retain the really good people in university research groups who will be the academic staff of tomorrow.

3.9 

The main problem in attracting graduates into research is not only the PhD stipend (although as indicated above this is a serious problem, particularly in London) but also the lack of any attractive academic career path after the PhD. Even if a tenured post can be obtained by age 28, the starting salary for a Lecturer is now much lower than the figure many 22 year-old graduates can command in industry. 

3.10

The pressure on university staff has increased dramatically in recent years through the decline in the unit of resource. Staff no longer find teaching rewarding when the shortage of time, equipment and the declining preparedness of the students make it almost impossible to support their learning effectively. There are also pressures from teaching quality assessment, professional body accreditation, research assessment and the "bid culture" for obtaining research funding – all of which take more and more academic time away from directly productive work whether in teaching or research. For many it is becoming impossible to meet expectations on quality of teaching and research and on income generation whilst fulfilling family responsibilities, particularly for staff with children, or pursuing interests outside of work. This is just as serious as the salary situation and is resulting in staff loss. In addition, time for consultancy is difficult to find, exacerbating the salary problem and denying industry the benefits of specialist expertise.

3.11

 Infrastructure problems have become ubiquitous in British universities.  Initiatives such as JIF and SRIF have made some difference, however they have tended to focus on already well-equipped centres. Unless something is done soon to address infrastructure problems across the whole HE system, it will not be possible to recruit people to work in HE research.  Appropriate facilities will no longer exist. In at least one university lack of support for research equipment has meant withdrawal from some types of electronics research which is perceived to be expensive in terms of both space and equipment. This will have a knock on effect to teaching, so that courses in eg electromagnetism, microwaves and optoelectronics are very unlikely to be offered in two years time. We recommend that all new researchers should have a given sum to spend on infrastructure.

3.12

The issue of facilitating the transfer of industrialists into academia is not mentioned in the consultative document. We see this as being particularly important for engineers. The relentless increase of industrial salaries compared to those of HE over the last two decades now makes it extremely difficult to attract high quality industrial engineers into academia. A tax regime should be created which makes it attractive to industry for people to have dual employment in industry and academia, as in Germany. In many universities however, industrial transfers are also inhibited by the lack of research activity of industrial people and the consequent effects of this on RAE. This also needs to be addressed.

3.13

The age profile of staff in many engineering departments is amassing problems for the future. One university comments that "the average age of staff is 49 with only 3 out of 30 people being under the age of 40". 

4.
The Education System
 Schools System
4.1

There are widespread concerns within engineering HE about Maths A level (and the equivalent Scottish Higher qualification). We find that both the level of knowledge and the manipulative skills of students entering engineering degree courses have declined in recent years, even at those universities where A level entry grades have remained consistent.  Diagnostic testing of first year undergraduates at several universities provides good evidence of this decline in mathematical capabilities.  Further information is given in Measuring the Mathematics Problem, The Engineering Council, June 2000.

4.2

The modular system of A levels exacerbates the problem. It is a learn-test-forget system which ignores the importance of repetition and continued practice. 

4.3

Skills in arithmetic, algebra, geometry and trigonometry which used to be second nature to the better science and engineering undergraduates can no longer be taken for granted. These skills used to be learned in O level curricula. Similarly skills of calculus and co-ordinate geometry are no longer being acquired with confidence at A level.  As a result, more resources (time and labour) have to be spent on remedial maths at undergraduate level to overcome the deficiencies and the pace of lectures is slower than previously to avoid lack of comprehension.

4.4 

We recommend that that there is further revision of the maths curriculum to ensure validity, correct emphasis and viability for entry to a range of higher education subjects.

4.5

There is a tendency in both maths and science teaching in schools for the curriculum to be driven by subject specialists. One example is the decoupling of the A level syllabi in applied maths and physics.  In our view this is unwise and is to the detriment of students' learning in both subjects.

4.6

The level of preparedness in science subjects of students entering engineering courses varies widely, and has in general declined in recent years. For engineering, physics (and for some disciplines chemistry) are the basis of understanding the behaviour of engineering artefacts and processes.  Students must have a thorough grounding in the basic principles, the ability to apply theories and techniques without having to stop and think, and the ability to apply them to unfamiliar problems.   Missing foundations at school level must be addressed at HE level if output quality is to be maintained and additional resources must be provided to maintain standards. Without additional resources it will be necessary to increase courses' length. The cost of addressing missing foundations within HE is much greater than if they are suitably addressed beforehand.

4.7

Double science at GCSE, and in particular the lack of subject specialist teachers at this level, has a knock on effect. While this is difficult to quantify exactly, prior to the double GCSE students took 3 separate science O levels, in preparation for the separate science A levels.  Now they generally take (effectively) two thirds of that for the same 3 A levels. This certainly leads to a weaker grasp of essential principles in individual science subjects. It is also frequently the case that double science GCSE is a mask for the individual sciences to be taught by non-specialists. This also leads to the poor grounding of students in the basics.

4.8

We recognize the tensions between the dual purpose of the school science curriculum to provide both for specialist education at higher levels, and to provide a basis for the well-rounded, scientifically informed citizen.  It is also necessary to maintain career options for as long as possible for the brightest school students, whatever their eventual career path.  We would not wish to see earlier specialisation. 

4.9

We also find grave deficiencies in students' ability to write good English and to know how to write a formal laboratory report.

4.10

A related, and more general, problem is the apparent unwillingness of many undergraduates to puzzle things out for themselves. They appear to expect that learning consists of learning to reproduce things parrot-fashion in examinations.

Undergraduate Education
4.11

Funding levels for engineering courses need to be revisited.  On the one hand the 5:2 comparison with the cost of medicine is unrealistic and should be increased. On the other hand, the tensions within universities between departments funded at Band B, which covers a broad range of subjects with greatly differing equipment costs, so that subjects such as psychology are much better resourced than engineering, indicates that the band allocations need to be revisited. We recommend the introduction of a new band between the existing Bands A and B, which would include engineering.

4.12

Engineering departments are frequently embarrassed by the poor level of equipment in their teaching laboratories in comparison with countries like eg Malaysia and Singapore. Good teaching of engineering requires students to have access to state of the art equipment and to be able to carry out projects that are not severely limited by cost. Engineering departments normally rely on their research projects and income to underpin undergraduate studies.

4.13

We welcome the research study commissioned by The Office of Science and Technology (OST) and others to look at under investment in university science research infrastructure. We have however noted that the recently announced study on resources for non-science will cover both research and teaching. We urge that the study on science is expanded to include the infrastructure for teaching of science (and engineering) and is not restricted to research. 

4.14

Many university staff find it difficult to take advantage of technological innovations that could render teaching more efficient in the long term, because they have no time to master new things

4.15 

The lack of lecture rooms (due to expansion in student numbers) often leads to poorly structured timetables. In courses with high contact time, such as engineering, this is a disincentive to study.

4.16

An age participation rate target of 50% implies that at least some people with a lower IQ than historically will be entering HE. The people needed for the top-level research and development on which our economic success will depend will be drawn from the top 10%. It is well known in engineering circles that there is a tension between TIME, COST and QUALITY.  If quality of education is sought then the time and cost required must be recognised. University staff, with the best will in the world,  cannot turn out high-flying graduates with a greater variability of intake without the time and money to do the job. The failure to deal with this constructively will deprive the country of the money to pay for the social, healthcare and physical infrastructure that it expects.

4.17

Unlike most other subjects, university engineering has to conform to international standards set by other countries as well as those by the (UK) professional engineering institutions. This must, of necessity, limit the proportion of the age group that can successfully undertake our courses.

Postgraduate Education
4.18

MSc and MPhil courses are an excellent means by which research is introduced into engineering practice. However MSc funding has more or less dried up and in some areas (eg transportation and geotechnical engineering) expertise is being lost to the UK because of extremely low take-up of MSc courses by UK nationals. Funding must be increased to allow more UK students to study at MSc level.

5.
Roles and Responsibilities
5.1

A major theme that is missing from the consultation is that of social perceptions. Unless perceptions of science and engineering are changed so that they are seen as being beneficial to society, there will never be a sufficient supply of engineers.

5.2 

Some teenagers perceive science at school level as "boring".  It involves a lot of factual material with fewer opportunities for discussion, argument and evaluation than in other subjects. Engineering at university is seen as an extension of this. We have increasingly come to look at scientific "facts" and not scientific views and arguments. If the school science curriculum could admit more uncertainty ( and more "wonder"), science might be seen as more interesting and there would be greater understanding of some of the science underpinning public interest issues.

5.3

Predictions show that the demand for highly qualified persons in the UK is growing and that professional engineers and technologists are expected to continue to increase their share in contrast to natural scientists (Projections of Occupations and Qualifications, 2000/2001 Institute for Employment Research, University of Warwick commissioned by the Skills Task Force). The detailed results in this study suggest that labour shortages could arise for graduates from some disciplines in the medium term, especially in areas such as engineering.  These predictions of demand sit uneasily against the continuing decline in numbers studying engineering.

5.4

The decline in the number of students choosing to study engineering is, to some extent, an international phenomenon but is more pronounced in the UK because of the historically poor status of engineering and growing public disquiet with scientific experts. It is possible that the decline has to do with the change in the nature of engineered products (ie it is a consequence of the very real success of the profession) so that lay people, including inquisitive youngsters, cannot now readily take things to bits and fix them thus learning and gaining personal satisfaction in the process. Technical hobbies including Meccano, amateur radio and Hi-Fi and car maintenance have declined as a consequence.

5.5

The low impact of the very large number of initiatives to try to attract students into science and engineering indicates that something else must be tried.

Experience suggests that the best way to motivate people to study engineering is to give them the opportunity to experience its intellectual challenges and rewards first hand through project work linked to industry and through appropriate industrial work experience.

5.6

Consideration should be given to ways of making it attractive for industry to engage in supporting technical project work in schools and to offer year out work experience and sponsorship. It may be that an organization akin to the (old) Engineering Industry Training Board is required to ensure that the resources needed for this are available in times of recession as well as in times of boom.

6. 
International Dimensions
6.1

Comparison of graduation rate between the UK and Europe (Chart 2D) is interesting. Is the diversity of provision in the UK right as compared to Europe?

6.2 

UK HE engineering is highly, and increasingly, dependent on overseas students as shown in table 2C. 20% of engineering students at undergraduate level are from overseas (compared to 9% overall), and 42% are from overseas at postgraduate level (compared to 24% overall). If the level of overseas students should fall, this would have a severe effect on the income of engineering departments.

6.3

Academia is already well linked internationally. We need to build on this.
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« Promoting excellence in engineering higher education »
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