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FOREWORD

On behalf of the High Level Group on Human Resources for Science and Technology
appointed by the European Commission, | would be pleased to receive your comments to the
attached report.

The High Level Group (HLG) is part of the Commission’s strategy to address the Lisbon EU
Summit declaration of March 2000: that Europe should become the most competitive and
dynamic knowledge-based economy in the world, capable of sustainable economic growth
with more and better jobs and greater social cohesion.

Since the Lisbon declaration, heads of state and government across Europe have continued to
stress the need to boost substantially the number of people entering science and technology
careers. Indeed, at the 2002 European Summit in Barcelona, heads of state called for an
increase in the proportion of European GDP invested in research from 1.9% to 3%. In terms
of human resources, it was estimated that an extra half a million researchers (or 1.2 million
research-related personnel) would be needed to meet that goal.

A preliminary working document by the HLG was discussed at a restricted workshop held in
Brussels on 1-2 December 2003. The objective of that workshop was to seek suggestions and
comments from individual experts and relevant organisations.

Between August and November 2003, the HLG also received a large number of contributions
in response to a wide consultation process it launched across Europe. Almost 200 national and
European industrial organisations, universities and research laboratories, science and
technology funding agencies and research councils, academies, scientific societies, science
centres and science museums have devoted considerable efforts to providing the HLG with
their views. Our final report will list all contributors.

In February 2004, the HLG held a meeting with national representatives appointed by their
governments to interact directly with the Group. The purpose of that meeting was to clarify
the strategies and objectives adopted by each European government, both at national and EU
levels, in order to increase human resources for science and technology. This meeting was a
follow-up to a special consultation process on this issue addressed to European governments.
Written national contributions were received in February and March 2004, examining
political objectives and programmes as well as detailed national statistics. All national
contributions will be included as a special annex in the final report. However, as some
national contributions have yet to be received, it is not possible to add this particular annex to
the present report at this stage.

We are greatly indebted to the many individuals and organisations which have devoted
considerable energy, competence and time to help us, and we would like to thank them all for
their invaluable support.

We are also indebted to the EC services, notably DG Research (Directorate Science and
Society and other Directorates) for their continuous support and information and for the
proficient dialogue they have been able to establish with the HLG at all times.

We were fully aware that the mandate of the HLG could not be fulfilled without the
involvement of the many stakeholders in science policy at national and European levels. Our



goal was not only to analyse existing evidence and produce a report, but also, and primarily,
to contribute to the strengthening of a constituency for scientific development in Europe. The
involvement of the different social actors in science and technology policy was therefore
essential for this purpose. Our experience has shown that the issue of human resources for
science and technology is probably one of the best at present, both as a unifying objective and
as a strategy to be shared and supported by society at large.

However, we should point out that our efforts must be seen as a preliminary phase of the work
that should be accomplished in the near future. In our view, considerable time should be
devoted to setting up a dialogue in each Member State on the issue of human resources for
SET in order to contribute to the understanding needed by policy-makers and the catalyst
required to provide the convergence of different players at national and European levels. The
dialogue that has been initiated with industrial and academic organisations in Europe should
be pursued. There is a need to convey to both national and European statistical bodies and to
the OECD the expertise acquired in trying to understand conflicting and flawed statistical
evidence. Finally, there is a need to liaise with the various groups and the EC services that are
effectively contributing to our understanding of the multiple factors contributing to the SET
human resources issue in Europe. The integration of knowledge that is increasingly needed to
assist policy-making in Europe requires this type of effort.

The present text is the HLG’s preliminary report. Our final report will include the
aforementioned annexes and a revised and extended version of our conclusions and
recommendations. It will also integrate the results of the professional editing of the whole
document, including the checking of the many references and statistics quoted.

March 2004
José Mariano Gago
Chairman of the High Level Group



EXECUTIVE SUMMARY

1. What is at issue?

Through a succession of European summits from Lisbon in March 2000 to Barcelona in
March 2002, the strategic European goal was set: an increase in the average European GDP
dedicated to research to 3% by 2010. Human resources growth associated with this target is of
the order of 1.2 million additional research personnel (or about half a million extra
researchers).

The High Level Group (HLG) at the origin of the present report was set up to identify specific
actions or policy measures which, within the context of the European Research Area, could
help towards this goal. We conducted a review of the main actors able to contribute in one
way or another to human resources, from the research institutions and industries employing
R&D personnel, to the educational process from secondary schools to universities, and to
public opinion. ‘Research’ has been understood in a very broad sense. The workforce
involved has been defined as people entering into the different statistical sources as “Science,
Engineering and Technology’ (SET). SET careers depend on a wide range of diplomas, or
other types of qualifications, associated with different forms of training, a varying number of
years of study, and also on skills.

2. The crisis in the production of human resources for S&T

In 2001, the number of researchers per 1 000 of the workforce (in full-time equivalent, FTE)
was 5.7 for the EU-15 (3.5 for acceding countries). Finland tops the list with 13.77. Between
1996 and 2001, the average annual growth rate was 2.6% for the EU-15 and 2.1% for
acceding countries. For a majority of countries, employment in R&D has grown at a faster
rate than total employment in the period 1995-2002, but there are large individual differences
between the European countries. In the 1990s, the number of researchers per 1 000 labour
force increased more than 100% in Greece and Portugal and over 50% in Austria, Finland,
Denmark, Sweden and Belgium.

However, those figures should be compared to a value of 9.14 researchers per 1 000 of the
workforce (FTE) for Japan and 8.08 for the USA. Only some countries in Europe (Finland,
Sweden, Norway) reach that standard and the most populated ones show much lower figures
(Germany 6.55, UK 5.49, France 6.55). There is an important margin of progress possible in
Europe to increase human resources in R&D.

The Lisbon and Barcelona EU objectives of attaining 3% of GDP for R&D (from the present
level of around 2%) will roughly require a minimal level of eight researchers per thousand in
the workforce. However, this objective will not be reached within a reasonable time (and
certainly not in 2010, as targeted by the EU summits) should the present trends continue
unchanged. On the other hand, a clear departure from stagnation or reduced growth rates in
R&D employment in Europe will require important changes in the most relevant factors
affecting this outcome. Our major concern is to understand how national and European
policies may effectively contribute to that ambitious objective.

We have studied data describing, country by country and by disciplinary groups, the different
classes of graduates in S&T in engineering and science. Comparisons between some of the
most populated countries — Germany, France, UK, Spain, Italy, Poland and Netherlands —



allowed us to visualise the different trends. The decrease in science and engineering graduates
(all tertiary levels) over the period 1998-2001 is clear for Germany and the Netherlands and,
in Italy, for science graduates alone. The other countries show increased numbers of
graduates, some with sharp rises (Poland). The breakdown by disciplinary areas shows that
the physical sciences and mathematics are the most affected, other fields (life sciences and
computer sciences) either remaining stable or increasing. At PhD level (examined for
Germany, France and the UK) the trend is the same with decreasing numbers observed in
Germany, which are confirmed by a graph showing the evolution of the number of all S&T
graduates in this country between 1993 and 1996 that exhibits either a decrease (engineering)
or flat curves. Nevertheless, there are signs of a recent recovery in the number of students
entering university in SET courses in Germany.

Comparisons are offered with science and engineering graduates in six other medium-sized
countries: Austria, Finland, Hungary, Ireland, Norway and Sweden. The results are very
different with some important decreases (Hungary) and sharp rises (lreland, Sweden)
illustrating the contrasting situations in Europe due to different dynamics in the national
economies. Two final diagrams show the total number of graduates (all disciplinary fields
including humanities). There has been an increase in Europe with the important exceptions of
Germany and Netherlands. The curves for PhDs are slowly rising, showing no drastic change
in the rate of ‘production’ over the years covered (1998-2001). Germany has the lead with
two and a half times more ‘Doctors’ than France and the UK. There is a paradox in the
German data: two times less university graduates than in France and the UK but a ratio of
researchers to 1 000 workforce equivalent to one in France and slightly above one in the UK.
Moreover, Germany has a share of population (aged 25-59) with upper secondary education
of more than 80% (as in the UK, to be contrasted with only 64% for France and much less for
the other southern Europe countries).

As this report was being completed, results were made available of an important study
(MAPS - “Mapping Physics Students in Europe’) conducted by the European Physical
Society as a contribution to the HLG. Although they cannot be included in this version of our
report, they will be presented at the conference and incorporated in the final HLG report. This
study shows namely that the number of graduates in physics dropped by 17% in Europe
between 1997/8 and 2001/2. A possible sign of a recovery is that a reduction in the number of
students entering physics studies was only 2.7% in the same period.

We have also studied national statistics on higher education for three countries: France,
Germany and the UK. Those statistics provide the number of students entering an academic
field at their entrance into the university system and on the resulting diploma obtained by
those who stayed in the system. Evidence of disinterest in all three countries as regards
‘classical’ fields, such as mathematics and physical sciences (which includes physics and
chemistry, among others), is very clear. Students’ interest has shifted to life sciences and
computer sciences whereas engineering fluctuates (1998-2001). But the paradox is that the
numbers of higher tertiary graduates are increasing at times when the numbers of lower
graduates are diminishing. Consequently, there is a clear risk of numbers of highly qualified
tertiary graduates (PhDs) diminishing in the near future. Students entering universities can
react quickly to changes in the work market by shifting to another more promising sector, but
this is not the case for advanced graduates who are stuck in their speciality after several years
of study and may fall victim to an unfavourable economical cycle situation. This shows how
important it is to provide counter cycle measures to prevent the wasting of human capital in
such situations.




The number of S&E graduates in Europe is higher than in the US and Japan, but the
proportion of people aged 25-64 with a university degree is much lower in Europe than in
Japan and the US. Europe’s strength is in its younger fraction of the population trained in
S&T. Europe would be catching up with the US and Japan in terms of researchers by 1 000
workers if employment in R&D were available for young people, if the numbers of those who
choose to study S&T were not allowed to diminish, if more women were involved in R&D,
and if the southern countries accelerated their S&T development. In particular, educational
achievement and the rapid reduction of unacceptable, early drop-out rates in many European
countries will be key policy objectives to broaden the qualification pool for S&T professions.

As most of the employment for researchers is created by industry, better conditions for the
development of research by the private sector have to be reinforced in Europe, if the Lisbon
and Barcelona goals are to be met. On the other hand, the level of public funding per
researcher in Europe is clearly well below that in the US. It is not surprising, therefore, that
the number of European researchers, namely in the public sector, does not translate into the
same level of working conditions and, consequently, of results. The conditions and prospects
for employment by the public sector (by universities, public research centres or other publicly
funded research institutions) should be recognised as critical for the EU strategy. New human
resources for S&T will not be attracted at the required level unless governments translate their
own political goals urgently into new research jobs and better career perspectives. In periods
of economic slow-down, this conclusion is even stronger.

3. Demand and supply in the SET labour market

This chapter explores where this demand is likely to arise and the concomitant implications
for the supply side. It has been shown that the largest increases in R&D spending will have to
be met by industry. EU industry spending on R&D lags well behind that of its competitors in
the USA and Japan. It has proved to be a recondite task to estimate exactly where and in
which sectors of the economy the demand will be most keenly felt. In any knowledge-based
economy it is prudent to expect the demand to be across all industrial sectors. This does not
ignore the fact that well-established industries will be drawing heavily on new technologies to
make their business more competitive in the global market place. In addition, technology and
the acquisition of technology has become global over the past few years, and this has given
rise to a new paradigm in R&D. Businesses can no longer go it alone — they have to rely on
new players in the technology stakes, whether or not this means exploiting their supply chain,
venture funds, academia or inorganic acquisition via start-up companies. This has lead to the
death of the concept of the corporate laboratories and corporately funded R&D. In general,
they have now become the integrators of technology, not the primary movers in its discovery.
This in itself has led to a new role for universities where, in partnership with industry, they
will become the outer ‘radar’ for businesses on new technology.

From a supply perspective, it can been argued that on the present trajectory of increasing the
numbers entering SET careers, EU ambitions will not be met. There is a need for a step-
change in recruitment into SET at all levels. Dramatically increasing the number of women
entering SET careers would go a long way towards helping to solve the problem, whereas
reliance on importing suitably qualified workers from outside the EU is not sustainable in the
long term, given the global nature of the market and the dynamics at play. It should not be
forgotten that the EU itself is a source of such workers for other knowledge-based countries.




When this is put alongside the ageing SET population, the growing shortage of teachers, and
the greying of academic staff, then the situation becomes serious. Only radical solutions are
appropriate and must include the commitment to inject large portions of both national and
Commission budgets into solving the problem. It is also apparent that this shortage is not felt
across the whole of Europe, although it is arqued that this in itself is not a steady state and that
migration to satisfy demand will surely occur. The need for standards in education and
gualifications will be necessary if the ERA is to succeed. The Bologna Accord is a start in this
process but it will only be successful if it embraces credit transfers and not time served on
academic courses.

4. Career perspectives

There is a widely held perception that careers in science, engineering and technology are very
unattractive and hold little appeal to young people. This perception covers remuneration,
career structure, work environment, status and marketing. This chapter examines these
perceptions as they might apply to industry, academia and government. From an industrial
perspective, these perceptions are not found to be true (although more evidence across all
European countries is probably needed). Remuneration of SET workers is in the upper
quartile of professions and the sustainability of remuneration is shown to hold for at least 11
years into their careers. It is also true that unemployment amongst holders of SET tertiary
education qualifications is lower than that of the population at large. The diversity of careers
for people with an SET background is shown to be great and probably far more varied than
any other sector. Taking all these aspects into account, it is difficult to understand why there
are such difficulties in recruitment. The conclusion has to be that industry and the profession
are not selling careers in SET in the most attractive fashion, which is certainly an area for
future attention.

Despite the risk from employment uncertainties — an aspect that must be true for every sector
of the economy these days — industrial careers are shown to contrast with careers in academia
and the public sector. Remuneration in the public sector is poor and career structures are not
conducive to attracting both the quality and quantity of gualified people that are required.
Although there are other aspects of employment that do attract people to this section, these are
not enough to tip the scales in favour of large numbers of people wanting to enter these
professions. This is certainly an area that needs the full spotlight of national and European
policy to be directed towards it as there are serious deficiencies now that need to be remedied.
This chapter discusses these in full.

There is a general conclusion that the main emphasis on closing the 3% gap lies mainly with
industry, so industry needs to promote careers in a more attractive way to prospective SET
employees. However, it is not a job for industry alone. National governments, as well as the
Commission, have a significant role to play and it is only through a coordinated approach that
the problem can be solved. Good, well-remunerated, attractive careers in the public sector and
academia need to be in place and marketed as such to future generations if the entire ERA and
knowledge-based economy are to be fully realised. This is absolutely key to the future
prosperity and competitiveness of the European zone.




5. Higher education and research training

There is a need for higher education institutions to shift their scope and mode of operation
from preparing experts for an industrial society to educating reflective personnel capable of
contributing towards meeting the needs of a knowledge society. Instead of presuming that all
their SET students are headed for academic careers, universities should cater for and celebrate
the whole range of research employment, including the relatively less-prestigious jobs that
many of their graduates will actually be taking. Curricula should be less ‘theoretical’ and
should reflect more directly current societal SET needs. Important job skills for all
employment sectors include writing, oral presentation, management, data analysis, project
design, critical thinking and collaborative work, and the ability to handle uncertainty in an
interdisciplinary context. Research training in association with and opening into industrial
R&D might also take the place of doctoral and postdoctoral programmes for many graduates.
Full access for women and ethnic minority groups to courses leading to research careers
should be further emphasised. The involvement of undergraduate students in research
activities as a normal part of their curriculum is still very exceptional. Opening research
laboratories and industries to undergraduates in SET would promote a more realistic
perception of research by students and could effectively contribute to increasing rapidly
human resources for SET in Europe.

6. Schooling for science, engineering and technology

Post-secondary schooling, especially at PhD level and beyond, plus training within science,
engineering and technology establishments is specialised and caters for Europe’s needs for a
high-level workforce. The education provided is for mature students or adults and is able to
build on their strong self-interest and motivation to raise their levels of expertise.

This contrasts greatly with education at the primary and secondary levels, most of which is
compulsory across Europe. Here the education is given to develop the student, both
individually and socially, to gain knowledge, skills and attitudes that relate to the cultural
societies in which the students find themselves. The students are far from being adults and
schools have a responsibility to develop their mental, physical and emotional capabilities. In
most schools this happens by dividing the school curriculum into subject areas so that the
educational developments, which are expected to meet society’s needs, are approached
through the context of different subject areas.

Engineering is very rarely taught as a school subject. It is regarded as an aspect of technology,
as are fields such as medicine and computer science (not computer education — this is
promoting education through a context of a communication ability). Technology itself has a
mixed development, sometimes mistaken for the promotion of computer skills — a
communication skill and all too often mistaken for technical training, promoting psychomotor
skills without the technological, theoretical underpinning. But science education (the teaching
of science in schools) is universal and is often an umbrella for the teaching of science and
technology, and is frequently subdivided into sub-branches such as biology, chemistry and
physics, especially after the ages of 12-14.

All school education is driven by the aims put forward by society in the different countries
and enacted by Ministries of Education. These aims are remarkably similar in wanting to
promote intellectual, communicative, personal and physical, co-operative, social/moral skills
and values. The students are being prepared as responsible citizens able to play a role within



society, either through their individual prowess, or collectively in the decisions to be made,
especially in an advancing scientific and technological world, or in a knowledge-based
society. All subjects thus relate to these aims. They strive to develop the students not only in
their intellectual capacity, but also to cater for their interests and talents and by developing
lifelong learning skills such as ‘learning to learn’, and social values such as ‘respect for
human rights’, ‘the need for sustainable development’, and ‘the promotion of tolerance and
peace in the face of conflict’.

Unfortunately, science education has been inclined to isolate itself from the rest of education
and has tended to be separated by society into its own subculture. There is a strong tendency
to regard the teaching of science not as an area of educational development of the student, but
solely for the pursuit of the subject matter. Science education is viewed as the learning of
‘science knowledge’, rather than ‘education through a context of science’. There is thus
pronounced confusion between science on the one hand and science education (that which is
promoted in schools) on the other. This is propagated by teachers and others and translated
into teaching students to become ‘little scientists’. The teachers thus stress the move away
from the stated aims of education linked to the development of the student to become a
responsible member of society, of which developing his or her intellectual prowess is but one
component.

Therefore, there is both an image and direction problem within primary and secondary
education that needs to be addressed. While education has to make students aware of career
opportunities and develop their interests and skills to match their aspirations, this must be the
province of education as a whole, not simply science education. And, of course, science
education must guide students to develop the skills, interests and attributes to provide the
support for those students wishing to follow highly skilled technological or scientific careers.
But this must be a component of education through science, not a separate, highly academic
provision.

There is little doubt that, in developing students’ interests and motivations towards science
and technology and allowing them to become familiar with the fast-advancing developments
in this area, it is essential that science education is on the curriculum from an early age.
Science education should form a key part of the primary curriculum. But in recognising that
students at this age are unable to cope with abstract ideas and tend to gain much from personal
involvement activities, the ‘hands-on’ science education provided is readily accepted by
students. Through this approach, it is easy to motivate and interest both boys and girls. This
has been shown extensively across Europe by science centres, where the majority of visitors
tend to be young children either attending in school groups or accompanied by their parents.

However, primary science, although very valuable and important, does not directly relate to
careers. And the interests and motivation cultivated are not so easily sustained at the
secondary-school level or, to recognise the hurdle more explicitly, beyond the onset of
adolescence. It is the secondary school that is faced with the need to develop the intellectual
capacity, to move to more abstract forms of thinking while coping with the students’ own
adolescent development and the change of interests that brings. For example, there is often a
strong development of interests outside the school which compete with the need for
intellectual work inside the school. This is amplified by the difficulty in allowing education to
keep pace with developments, both in terms of the society’s changing needs and the
attractiveness by which student distractions, or entertainment, are presented.



Science education suffers badly in this respect — not only is it trying to cope with this image
of ‘becoming a scientist’, but it is also fighting to relate to society. And yet it is being bound
by an old-fashioned view that it must develop the ‘fundamentals’ which, all too often, are
abstract, even microscopic, and far from the science ideas underpinning the technological
advances within society which form the focus of debate and divide public opinion._It can be
arqued that science education in schools lives in a world of its own. It is unsophisticated
because it is unable to compete with advances within the scientific fields. It is perceived as
too abstract because it is trying to put forward fundamental ideas without sufficient
experimental, observational and interpretational background, without showing sufficient
understanding of their implications, and without giving students the opportunity for a
cumulative development of understanding and interest. It is heavily in danger of being
excessively factual because of the explosion in scientific knowledge and the ‘adding-on’ of
topics to an already excessive content base. And, to add to all this, the measures of assessment
of student achievement has been largely confined to the regurgitation of information.

And finally, the poor image and perceived relevance of science education impacts on the
career aspirations of students. While students see and may even interact with medical
practitioners within society, and are familiar with the technology products that have been
developed within society, there is little opportunity for students to experience careers in
industry, in establishments not open to the public, or in areas where the career is pursued
away from the public gaze. This problem is not easy to address. Making students aware of
famous scientists, aware of the ways in which industry operates and how they strive for public
support so that they can operate and enable society to prosper, are important. But they are no
substitute for the ‘real thing’. Countries have developed programmes of work experience to
try to bridge this gap, but there is still no concluding evidence that this encourages students
towards careers in these directions. It seems the best we can do is to modernise the
educational approach to science and technology education, make the school ‘education
through the context of science’ more acceptable to society, and enhance student and guardian
awareness of career opportunities that relate to the fields of science, engineering and
technology. Unfortunately, we are unlikely to do that through the pursuit of international
competitions.

7. The cultural context of recruitment for research careers

Strategies for science popularisation have been in use since the 17th century, and remain very
active today. They are usually supported by governments, public institutions, research
organisations, scientists, museums, and science centres using a variety of forms. They can be
divided into two approaches: classical public understanding of science trying to bring more
information and knowledge of science matters to a general public and to young people; and a
networking approach based on the idea that extended dialogue and direct contact between
citizens and scientists is necessary in order to promote scientific culture in society and to help
citizens to acquire a better understanding of controversial issues related to science and

technology.

It has been pointed out that the rational basis of the science invented in Europe and its goal to
“tame” Nature met strong resistance in European history. This feature of European culture
deserves special attention today as the very image of science and technology in society and
students’ attitudes to science seem to reflect this fundamental duality.



Media are a very important intermediate between science and people — 60% say that they get
their scientific information from television. However, the media (TV, radio, movies,
newspapers, magazines, novels, comics, etc.) have their own rules and use science and
technology mainly as a source for narratives that attract people through conventional
storytelling and spectacular images or situations. Nevertheless, they make science familiar
and this is a main point of entry for the introduction of science into society. In this respect,
some EU data from recent public opinion surveys about science and technology and
knowledge issues have also been summarised.

Certain economists doubt that actions to improve science popularisation and even science
teaching at primary and secondary levels are really helpful in increasing recruitment into
science careers. They believe that the most important point, on which efforts should be
concentrated in Europe, is at university level. We do not agree with these views which, in our
opinion, disregard the social and cultural context of scientific development in democratic
societies and the need to reinforce and widen the social constituency able to support scientific
and technological development, namely the very wish to study science and to pursue science
and technology careers.

8. Women in science - filling the gender gaps in science and research

The number of women in education and in employment across Europe has increased in the
last 20 years, as indeed has the number of women entering science. However, women remain
severely under-represented in many areas of scientific research and in many countries, and are
still not reaching the upper echelons of the research hierarchies.

Much has been achieved in promoting women’s participation in scientific research. since
1999, when the European Commission launched its action plan on women and science, in co-
operation with Member States and other key actors. As a result, there are a number of reports
and statistical documents devoted to this subject. For this reason, this section seeks only to
provide an overview of the situation.

Women remain the most obvious source for increasing human resources for science and
technology in Europe. However, drastic changes in the present unsatisfactory situation can
only come from joint consistent efforts by both science policy and social and economic
policies.
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1 Whatis at issue?

Summary

This chapter presents the policy background against which the current work was undertaken.
It starts with the creation in January 2000 of the European Research Area to coordinate the
development of research capacity in Europe; through a succession of European summits from
Lisbon in March 2000 to Barcelona in March 2002, a strategic European goal was set:
increase the average European GDP dedicated to research to 3% by 2010. Human resources
growth associated with this target is of the order of 1.2 million additional research personnel.

The High Level Group (HLG) whose findings are represented in this report was set up to
identify specific actions or policy measures which, within the context of the European
Research Area, could help towards this goal. We conducted a review of the main actors able
to contribute in one way or another to human resources, from the research institutions and
industries employing R&D personnel, to the educational process from secondary schools to
universities, and to public opinion. ‘Research’ has been understood in a very broad sense. The
human resources that are at the centre of attention here are those involved in ‘Science,
Engineering and Technology’ (SET). SET careers span a wide range of diplomas, or other
types of qualifications, associated with different forms of training, a varying number of years
of study, and also skills. This complexity makes the field difficult to comprehend.

1.1 The policy setting*

In January 20007, the European Commission published a new policy to support research in
Europe. This policy called for the creation of a European Research Area to bring within one co-
ordinated approach all the elements that contribute towards the development of research capacity
in Europe, as well as to integrate the aspirations and needs of society into the development of
science.

At the March 2000 European Summit in Lisbon, heads of state and government committed
themselves to turning Europe into the most competitive and dynamic knowledge-based region of
the world by 2010, capable of sustainable economic growth with more and better jobs and greater
social cohesion. The development and use of scientific knowledge was established as a key
strategic element.

In March 2001, the European Summit in Stockholm called, inter alia, for the establishment of a
work programme on a follow-up of the objectives as regards education and training systems.
Subsequently, the European Summit in Barcelona in March 2002 adopted a work programme, and
working groups were set up to address the specific objectives identified. One such working group
is dealing specifically with the issue of increasing recruitment to maths, science and technology
studies.

Y HLG Terms of Reference (TOR), April 2003
2 COM(2002) 6 18.01.2000
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The Barcelona Summit also quantified the Lisbon objective in terms of increasing the percentage
of average European GDP dedicated to research from the current level of 1.9% to 3% by 2010.

In September 2002°, the Commission published a Communication on ‘More Research for
Europe: Towards 3% GDP’, and in April 2003*, in a further Communication on ‘Investing in
Research’ set specific targets in terms of the human resources necessary:

“Increased investment in research will (must) raise the demand for researchers: about 1.2 million
additional research personnel, including 700 000 additional researchers are deemed necessary to
attain the objective — on top of the expected replacement of the ageing workforce in research.”

Meanwhile, a Report entitled ‘Researchers in the European Research Area, one profession,
multiple careers’ was published in July 2003 ° (ERA).

1.2 Objectives of the present report

For a number of reasons that will be set out in detail later, it soon became apparent that this target
would not be attainable without deliberate and sustained positive action. The current facilities for
producing trained researchers are geared to a much slower rate of growth than is now envisaged.
Clearly, these resources could not meet this demand unless substantially augmented and/or
reformed. It seems unlikely, moreover, that the problem could be solved simply by “throwing a
lot more money at it”. Major structural changes will be required, at all levels, in the various
national procedures by which researchers are educated, trained and recruited.

Therefore, a High Level Group was commissioned to identify specific actions or policy measures
that could be initiated in the course of 2004, and subsequently, that would make a substantive
contribution towards increasing the number of research personnel (in particular) and science
professionals (in general) in Europe. This working document is the fruit of our deliberations.

Our recommendations are designed to be applicable at the political and policy level within the
context of the European Research Area. They cover actions that can be directly implemented
through the mechanisms of the Sixth Framework Programme, notably within the context of the
2004 work programme of the Science and Society action line of the specific programme on
Structuring the European Research Area. They will also address actions to be pursued at national
or international levels by other mechanisms.

As requested, we have endeavoured to identify the agents for action, the means by which action
can be supported, and the criteria against which impact can be clearly appraised and evaluated. It
soon became obvious, however, that the issues at stake are of a kind that can only be resolved by
co-operation between all the actors in the system — policy-makers in government and industry,
teachers and educationalists, scientific notables, media communicators and, last but not least,
researchers themselves. This requires them all to become aware of the general nature of the
problem so they can each work out how to coordinate their own particular efforts with those of
others.

This report, therefore, also seeks to analyse the situation in these broader terms. In developing this
analysis, however, we became conscious of the extreme diversity of the elements, national and

¥ COM(2002) 499 11.09.2002
* COM(2003) 226 30.04.2003
5 COM(2003) 436 final 18.07.2003
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international, public and private, that combine to make up the European Research Area. We have
therefore indicated some of the topics that would surely repay further systematic investigation,
discussion and decision, and suggested constituencies and fora where these studies might be
undertaken.

1.3 The scope of the inquiry

The objective of ‘increasing the number of research personnel and science professionals in
Europe’ seems admirably clear. But how widely should these terms be taken to apply? In its
Terms of Reference, (TOR), the HLG was requested to define research very broadly so as to
cover all forms of creative work undertaken on a systematic basis in order to increase the stock of
knowledge, including knowledge of man, culture and society, and the use of this stock of
knowledge to devise new applications®. We do not therefore use the compound term ‘R&D’, but
include in ‘research’ the activities designated as ‘experimental development’ in the sense of the
Frascati Manual definitions.

On occasion, we find it convenient to differentiate between various modes of research, such as
pure research, basic research and applied research, or to refer to mixtures of these such as
strategic research. This allows for the optional further breakdown of basic research into pure-
basic and orientated-basic and for the long-standing UK practice of subdividing applied research
into strategic-applied and specific-applied. But the distinctions between these categories are ill-
defined, both in principle and in practice, and turn out not to be relevant to our report, so we use
them loosely, as customarily understood.

On the other hand, the overall policy goal is to enhance the economic competitiveness of the
Community through technological innovation. Although R&D is often the most important part of
this process, the success of new products and processes depends heavily on a wide range of other
non-scientific factors. Our brief therefore covers the transfer of knowledge out of the realm of
‘research’, whether or not this knowledge was discovered or acquired in the pursuit of a particular
application. In other words, it includes a variety of activities associated with technology transfer,
the general dissemination and application of scientific and technical knowledge, and scientific
and technical education. For practical reasons, however, it excludes all those other scientific,
technical, commercial and financial steps that are often necessary for the successful development
and marketing of new or improved products, processes or services.

1.4 Organisational settings

Another way of defining the scope of our enquiry is to confine it to the organisational settings
where ‘researchers’ (and other R&D personnel) are normally employed. These are very diverse
and heterogeneous, since they typically include the following:

» Universities, which not only play a vital role in knowledge transfer through science
education and researcher training but are also heavily engaged in long-term basic and
strategic research projects that are essential to the knowledge-based economy.

» Public or private ‘not for profit’ research organisations, such as research councils,
academies of science, and charitable foundations. These differ from country to country and

® Proposed Practice for Surveys on Research and Experimental Development, Frascati Manual, OECD, 2002
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from one type of research activity to another, with varying combinations of strategic and
applied (market-oriented) research.

» Governmental bodies providing research-based knowledge for application in such public
services as environmental protection, public health, national security, etc.

 Industrial corporations, ranging from large private companies and public-sector utilities
mainly engaged in specific-applied research (but often with active interests in strategic
research), to technologically based SMEs’ principally engaged in market oriented research
and technology transfer.

This list, however, is far from exhaustive. Much research and knowledge transfer takes place; for
example, in hospitals, as an essential adjunct to their prime social functions. Not all medical
practitioners or other health service professionals should be counted as ‘researchers’, but many
people are employed by these institutions to perform both roles. Again, as we shall see, we
include the science teachers in secondary schools, not only because they are usually scientifically
qualified to first degree level but also because of the very important part they play in the
recruitment of young people to research careers.

It is clear, therefore, that it is not satisfactory to define ‘researchers’ in terms of their place of
employment. These locations are not only very heterogeneous. In many organisations, also,
professional research scientists only form a small proportion of their employees, and may not be
sharply differentiated from the rest.

1.5 Defining the SET Workforce

Official statistics often apply the label ‘Science, Engineering and Technology’ to this category of
employment. Again, the precise definition of these terms varies from country to country. In this
Report we shall use the acronym “‘SET’ quite generally to comprise:

» Science — the systematic study of the nature and behaviour of the material and physical
universe, together with mathematics, the social and economic sciences and some branches
of the humanities;

» Engineering — the practical application of this knowledge in industry, defence, commerce
and other civil activities; and

» Technology — the socio-economic use of the tangible products of science and engineering.

We agree, however, with Roberts® that this definition of SET should not be considered exclusive,
and that it is essential to recognise “the powerful influence of multidisciplinary and
interdisciplinary activities in innovation, where related subjects (for example, medicine and
information studies) are increasingly important, and that consumer-led demand is a powerful
motivator in the production and development of novel products and services”.

" SME: Small and Medium-sized Enterprises
® The report of Sir Gareth Roberts’ Review: “SET for success”: The supply of people with science, technology,
engineering and mathematics skills, April 2002
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1.6 The linked hierarchies of SET qualifications and jobs

Considered as a human resource, however, the members of the SET workforce are distinguished
less by the actual jobs that they do than by their skills. Although these are the diverse outcomes of
individual experience in education and employment, they are publicly attested by various formal
qualifications. These are easily defined and enumerated statistically, but vary bewilderingly
between national education systems and even between SET disciplines in each country.

Nevertheless, for our present purposes, SET qualifications can be roughly graded into a three-
level hierarchy. Each of these grades qualifies for entry at the corresponding level in the hierarchy
of jobs in SET-based organisations. In general terms, these are as follows:

Baccalaureate. We use the French name for the qualification typically acquired by successful
completion of secondary education. Throughout the EU, this level of academic competence is a
prerequisite for entry into higher education. This qualification — or one of its more vocational
equivalents — is also the minimum requirement for a “technical’ job in a research organisation.

Bachelor’s degree. We use the English-language term for the qualification acquired on
graduation from a “first cycle’ of several years of higher education. It is the minimum
qualification for professional SET employment, whether as an apprentice researcher or as a
technical practitioner, teacher, educator, or communicator.

Doctorate. The PhD degree (or its equivalent) certifies the successful outcome of several
postgraduate years of research training, typically including the presentation of an original
dissertation showing mastery of a specialised SET field. It is a prerequisite for further
progression within academia and is also the normal qualification for a responsible post as a fully-
fledged professional researcher in a research organisation or industrial corporation.

In most SET careers there are also intermediate qualifications, such as postgraduate Master’s
degrees, and indeterminate levels of employment, such as postdoctoral fellowships. In practice,
SET workers can often rise to higher levels of employment on the basis of proven experience,
without gaining the corresponding certificate, diploma or degree. Nevertheless, this linkage
between formal qualifications and job responsibilities is one of the defining features of the SET
workforce throughout the Community, and has to be clearly understood as a major factor in its
putative expansion.

We must emphasise, however, that this linkage should be considered as purely functional.
Particular SET jobs are usually so highly specialised that they cannot be undertaken at all without
the appropriate minimum of specialised skill. But the possession of a particularly rare skill should
not be taken as a sign of élite status. To quote from ERA (ref. 4, page 7):

“It is observed that the status of researchers is appreciated differently by the scientific community
depending on the sector, the research setting or the type of research undertaken. Given, however,
that all contributions are essential to the development of the knowledge society, it is necessary to
consider any activity directly or indirectly related to R&D, including the management of
knowledge and intellectual property rights, the exploitation of research results or scientific
journalism as an integral part of a career in R&D.”
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At a later stage we will see the importance, in the context of our own report, of their further
comment (ref. 4, page 7):

“The policy lesson is that any of those careers will have to be treated and valued on equal footing
without maintaining the preponderance of an academic research career as the only benchmark
for attracting young people into such a career track. In addition, lifelong professional
development opportunities in different research settings should be made more relevant for a wider
variety of careers than in the past.

In this connection, we fully concur with the following remarks in a US Report®:

“There are a number of definitions for the science and engineering workforce. The most common
is to count those in occupations classified as science and engineering positions. However, this
approach fails to identify those with skills in science and engineering used in non-S&E
occupations — for example, in technical management. The task force has focused on the
availability of skills, in view of the fluid nature of the science and engineering workforce — with
members capable of employment in a number of kinds of occupations over the course of their
careers. In this definition, a pre-college teacher with a baccalaureate or the equivalent in a field
of science, mathematics or engineering is a member of the science and engineering workforce.
Also included are practitioners with two-year degrees and certificates in science, engineering and
technology fields.

“This approach appears to be more in keeping with how degree holders view themselves. For
those with science and engineering baccalaureates or higher-level degrees in the [US] workforce
in 1999, 67 percent in occupations not formally classified as S&E jobs stated that their jobs were
at least somewhat related to their highest S&E degree field. In 1999 there were 10.5 million S&E
degree holders at the baccalaureate level or above in the workforce. For the purposes of this
study, this group along with those with associate degrees in science and engineering are
considered the qualified pool of scientists and engineers.”

° Draft Report, National Science Board, Committee on Education and Human Resources, “Task Force on
National Workforce Policies for Science and Engineering”, 22 May 2003, p.14
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2 The crisis in the production of human resources for Science
and Technology

Summary

In 2001, the number of researchers per 1 000 of the workforce (in full-time equivalent, FTE)
was 5.7 for the EU-15 (3.5 for acceding countries). Finland tops the list with 13.77. Between
1995 and 2001, the annual growth rate was 2.6% on average for the EU-15 and 2.1% for
acceding countries. For a majority of countries, employment in R&D has grown at a faster
rate than total employment in the period 1995-2002, but there are large individual differences
between the European countries. In the 1990s, the number of researchers per 1000
workforce increased by more than 100% in Greece and Portugal and over 50% in Austria,
Finland, Denmark, Sweden and Belgium.

Those figures should be compared to a value of 9.14 researchers per 1 000 of the workforce
(FTE) for Japan and 8.08 for the USA. Only some countries in Europe (Finland, Sweden,
Norway) reach that standard and the most populated ones show much lower figures (Germany
6.55, UK 5.49, France 6.55). There is consequently an important margin of progress possible
in Europe to increase human resources in R&D, namely in the central and southern European
countries.

The Lisbon and Barcelona EU objectives of attaining 3% of GDP for R&D (from the present
level of around 2%) will roughly require a minimal level of eight researchers per thousand in
the workforce. However, this objective will not be reached within a reasonable time (and
certainly not in 2010, as targeted by the EU summits) should the present trends continue
unchanged. On the other hand, a clear departure from stagnation or reduced growth rates in
R&D employment in Europe will require important changes in the most relevant factors
affecting this outcome. Our major concern is to understand how national and European
policies may effectively contribute to that ambitious objective.

We have studied OECD data describing, country by country and by disciplinary groups, the
different classes of graduates in S&T in engineering and science. Comparisons between some
of the most populated countries, Germany, France, UK, Spain, Italy, Poland and Netherlands,
allowed us to visualise the different trends. The decrease in science and engineering graduates
(all tertiary levels) over the period 1998-2001 is clear for Germany and Netherlands, and in
Italy for science graduates alone. The other countries show increased numbers of graduates,
some with sharp rises (Poland). The breakdown by disciplinary areas shows that the physical
sciences and mathematics are the most affected, other fields (life sciences and computer
sciences) either being stable or increasing. At PhD level (examined for Germany, France and
the UK) the trend is the same with decreasing numbers observed in Germany, which are
confirmed by a graph showing the evolution of the number of all S&T graduates in this
country between 1993 and 1996 that exhibits either a decrease (engineering) or flat curves.
Comparisons are offered with science and engineering graduates for six other medium-sized
countries: Austria, Finland, Hungary, Ireland, Norway, and Sweden. The results are very
different with some important decreases (Hungary) and sharp rises (lreland, Sweden)
illustrating the contrasting situations in Europe due to different dynamics in the national
economies. Two final diagrams show the total number of graduates (all disciplinary fields

1% European Commission, Community Research, Key Figures 2003-2004, p.44
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including humanities). There has been an increase in Europe with the important exceptions of
Germany and the Netherlands. The curves for PhDs are slowly rising, showing no drastic
change in the rate of ‘production’ over the years covered (1998-2001). Germany has the lead
with two and a half times more ‘Doctors’ than France and the UK. There is a paradox in the
German data: two times less university graduates than in France and the UK but a ratio of
researchers to 1 000 workforce equivalent to one in France and slightly above one in the UK.
Moreover, Germany has a share of population (aged 25-59) with upper secondary education
of more than 80% (as in the UK, to be contrasted with only 64% for France and much less for
the other southern Europe countries).

We have also studied national statistics on higher education for three countries: France,
Germany and the UK. Those statistics provide the number of students entering an academic
field at their entrance in the university system and on the successive diploma obtained by
those who stayed in the system. Evidence of disinterest in all three countries as regards
‘classical’ fields such as mathematics and physical sciences (which includes physics and
chemistry, among others) is very clear. Students’ interest has shifted to life sciences and
computer sciences whereas engineering fluctuates. But the paradox is that the numbers of
higher tertiary graduates are increasing at times when the numbers of lower graduates are
diminishing. There is consequently a clear risk of a diminishing number of highly qualified
tertiary graduates (PhDs) in the near future. Consequently, an episode of unemployment
among qualified S&T people, which peaked in 1997, occurred at a time of rising “production”
of graduates with, as a consequence, a decrease in newly enrolled students. Students entering
universities can react quickly to changes in the work market by shifting to another more
promising sector, but this is not the case for advanced graduates who are stuck in their
speciality after several years of study and may fall victim to an unfavourable economical
cycle situation.

This shows how important it is to provide counter cycle measures to prevent the wasting of
human capital in those situations.

The number of S&E graduates in Europe is higher than in the US and Japan. But the
proportion of people aged 25-64 with a university degree is much lower in Europe than in
Japan and the US. Europe’s strength is in its younger fraction of the population trained in
S&T. Europe would be catching up with the US and Japan in terms of researchers by 1 000
workers if employment in R&D was available for young people, if the number of those who
choose to study S&T is not allowed to diminish, if more women are involved in R&D, and if
the southern countries accelerate their S&T development because it is there that the human
potential for growth mainly lies. In particular, educational achievement and the rapid
reduction in unacceptable early drop-out rates in many European countries will be key policy
objectives to broaden the qualifications pool for S&T professions.

As most of the employment for researchers is created by industry, better conditions for the
development of research by the private sector have to be reinforced in Europe, if the Lisbon
and Barcelona goals are to be met. On the other hand, the level of public funding per
researcher in Europe is clearly well below that in the US. It is not surprising, therefore, that
the number of European researchers, namely in the public sector, does not translate into the
same level of working conditions and, consequently, of results. The conditions and prospects
for employment by the public sector (by universities, public research centres or other publicly
funded research institutions) should be recognised as critical for the EU strategy. New human
resources for S&T will not be attracted at the required level unless governments translate their
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own political goals urgently into new research jobs and better career perspectives. In periods
of economic slow-down, this conclusion is even stronger.

One final comment about the statistical evidence: this preliminary report does not include yet
detailed national statistics provided by national countries to the HLG, as most of that data had
not been made available when the present version was completed. However, the final
published version of the report will consider any new available evidence.

The “crisis’ in the production of human resources for R&D

Science and technology activities are based upon qualified human resources. According to
OECD data, technical and scientific jobs represent between 20 and 35% of total employment
in Europe™.

In 2001, the number of researchers per 1 000 of the workforce (in full-time equivalent, FTE)
was 5.7 for the EU-15. Finland tops the list with 13.77 (3.5 for acceding countries). Between
1995 and 2001, on average the growth rate was 2.6% for the EU-15 and 2.1% for acceding
countries. For a majority of countries, employment in R&D grew faster than total employment
in the period 1995-2002, more than 5% a year in Spain, Norway and Ireland. In the 1990s, the
number of researchers per 1 000 workforce increased by more than 100% in Greece and
Portugal and by over 50% in Austria, Finland, Denmark, Sweden and Belgium. There are
large individual differences between the European countries*®.

These figures should be compared to a value of 9.14 researchers per 1 000 of the workforce
(FTE) for Japan and 8.08 for the USA. Only some countries in Europe (Finland, Sweden,
Norway) reach that standard and the most populated ones show much lower figures (Germany
6.55, UK 5.49, France 6.55). Consequently, there is an important margin of progress possible
in Europe to increase human resources in R&D, namely in the central and southern European
countries.

The Lisbon and Barcelona EU objectives of attaining 3% of GDP for R&D (from the present
level of around 2%) will roughly require a minimum level of eight researchers per thousand of
the workforce. However, this objective will not be attainable within a reasonable time (and
certainly not in 2010, as targeted by the EU summits) should the present trends continue
unchanged. On the other hand, a clear departure from stagnation or reduced growth rates in
R&D employment will require important changes in the most relevant factors affecting this
outcome.

To sustain and increase the work force in R&D, an analysis of the social, economical and
cultural parameters involved is necessary and will be undertaken in the following chapters.
This involves, namely, education and science policies and, specifically, R&D job creation in
the public as well as in the private sector, in view of the ageing of the population and the
potential migratory flows to or from Europe. Two questions arise:

1 OECD Science and Technology Scoreboard 2003, p. 56-57
12 European Commission, Community research, Key Figures 2003-2004, p.44
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e Although the overall number of graduates in Europe qualified for work in S&T has
been growing moderately in recent years, is there a risk of stagnation or even of
decrease?

e How can a significant increase in the number of people employed in S&T be made in
order to achieve the Lisbon and Barcelona objectives and match the standards seen in
Japan, the US, or in some northern European countries?

2.1 Alarming signals

For several years now there have been warnings from universities that the number of students
has been declining sharply in some disciplinary areas, namely physics, chemistry and
mathematics.

In some countries, there seems to be increasingly pronounced evidence of a decline in the
interest of young people to study science and retain the option of pursuing science-related
careers. However, 30 years ago, Ormerod and Duckworth (1975)** were already reviewing
pupils’ attitudes to science in the UK, as follows:

“In 1965, a thorough inquiry began into the flow of students of science and
technology in higher education. The final report laid particular emphasis on
the phenomenon which had become known as the ‘swing from science’.
Several explanations were suggested for the swing, among them a lessening
interest in a science and a disaffection with science and technology amongst
students.”

In the past decade, there seems to have been a growing perception that the problem has
become more acute in some countries. This has been linked to the liberalisation of the system
of subject choice in schools in many countries and the increasing variety of courses being
offered at university.

For instance, in the UK and Ireland the number and proportion of young people, respectively,
choosing physics or chemistry has declined steadily during the 1990s, while biology has, at
best, managed to maintain steady numbers. The problem is equally pronounced in France, the
Netherlands, Norway, Denmark and Italy. Officially, out of the EU-25 countries, only Greece
and the Flemish part of Belgium report that they do not face a diminishing trend in the
number of students choosing to study science in schools™.

Although the overall number of SET students in the UK is relatively high, and growing,
the numbers of students choosing to study mathematics, physics, chemistry and many
branches of engineering are falling significantly. For example, the number of students
studying A-level physics in England fell by 21% between 1991 and 2000. Unchecked,
these trends could result in a serious shortage of scientists and engineers, both for R&D
and for other areas of the economy. Graduates in mathematics, engineering and the
physical sciences are commanding higher, and faster increasing, salaries than most other
graduates (including biological science graduates). Given the increasing importance of

3 Ormerod, M. B. and Duckworth, D. (1975), “Pupils’ attitudes to science” (Slough: NFER)
4 Oshorne, J., Simon, S. and Collins, S. (2003), “Attitudes towards science: a review of the literature and its
implications”, International Journal of Science Education, 25(9), 1049-1079
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interdisciplinary research, these trends in engineering and the physical sciences could also
affect research in other areas.

Figure 1.

Numbers of students examined in physics, chemistry and biology from
1990 to 2000 in England and Wales at A-level. (UK Examination Boards
and HMSO)
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Figure 2. Uptake of physics, chemistry and biology at upper secondary level in
Ireland (1980-2001).4 (Yearly Statistical Reports, Department of
Education and Science, Ireland)
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In France, the decrease in student enrolment numbers is pronounced in some scientific
disciplines, but not in others (computer science), and the number of graduates from
engineering schools (Grandes Ecoles and many others) has increased from 12 000 in
1993 to 50 000 in 2000. In particular, this concerns the first years in university. For
instance, at the University of Strasbourg, from 1995/1996 to 1999/2000 the decrease in
the enrolment of students reached:

47% in physics and chemistry

20% in mathematics

29% in life sciences

18% in applied mathematics and social sciences

41% in industrial technology

47% in earth sciences

In Germany, from 1990 to 1994, the number of students taking first-year chemistry
declined by 56% and the number of students in physics has been cut by a third over that
period. In the Netherlands, between 1989 and 1994, the number of first-year university
studentsishas diminished by 38% for chemistry and by 20% for computer science and
physics™.

The problem is discussed in detail in the three case studies (France, Germany, UK)
below. This trend of diminishing attendance at some types of academic classes should be
compared with the number of graduates. Because more and more people have access to
university, there have been important changes during the first years at university as
regards reorientation and dropping out. As universities also produce teachers, we must
also take into account the problem of the attractiveness of the teaching profession both
from the point of view of salaries and working conditions. Some of these drop-outs may
have turned to a more technical career and received another type of training rather than
that at university. This is rather difficult to follow because of the complexity of the offers
available in education.

2.2 The number of tertiary S&T graduates in Europe according to the OECD statistics

The notion of ‘graduates’ should be linked to the structure of the education system in
different countries. R&D needs not only researchers — people with PhD degrees or the
equivalent — but also engineers and technicians with lower university degrees or with
diplomas from specialised schools, for example in engineering, agriculture or medicine.
The hierarchical structure of teaching from secondary degree to university level is
usually rather complex, and international comparisons may be difficult to establish even
when protocols have been designed (the Canberra Manual) to facilitate the collection of
data on an international basis (Eurostat, OECD). For instance, Germany has a lot fewer
university graduates than the UK or France although it boosts two and a half more
‘doctors’. At the same time, Germany has about the same number of researchers by 1 000
of the workforce as France and the UK, as mentioned above.

!> Those data are extracted from the report “Désaffection des étudiants pour les études scientifiques” by Guy
Ourisson, March 2002; see also the report by Maurice Porchet “Les jeunes et les études scientifiques”, March
2002 . Both reports are available at www.education.gouv.fr
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The diagram below, extracted from a French document™, exhibits the differences
between European countries and shows that the number of students in what is defined
elsewhere as tertiary education is less in Germany than in other countries.

Taux de scolarisation a 20 ans
Comparaisons internationales — 2001

B Secondaire
W Post-secondaire

| SuUpErienr

Source : DCOE-CERE [Regards sur Péducation &d. 20003)

Consequently, comparison of absolute values may be difficult from country to country within
a category of S&T personnel. But trends may be evaluated within a fixed scheme. We have
used the OECD statistics' for the period 1998-2001 to follow the evolution of graduates from
year to year. A change in statistical methods in 1997 does not allow for comparisons with the
period 1990-1996, although for those years the series are complete for a few countries.

Figure 3 represents the evolution of science graduates from 1998 to 2001, as defined by the
OECD for the most populated countries in Europe. ‘Science’ graduates are the sum of the
graduates in mathematics and statistics, life sciences, computing, and physical sciences at the
tertiary level. There is a rise in the number of graduates in the UK and France and also in
Poland and Spain, but a decrease in Germany and the Netherlands.

Figure 4 represents the evolution of engineering graduates during the same period. The
numbers are very similar in 1998 for the UK, France and Germany but decrease quite clearly
for Germany and are stable or increase for all the other countries.

Figures 5, 6 and 7 show the evolution of graduates by disciplinary areas for Germany, France
(data incomplete) and the UK. There is a sharp decline for physical sciences and mathematics
in Germany but not in computing or life sciences. Graduates studying physical sciences
increase sharply in the UK after 2000.

16«|_es grands chiffres 2002-2003”, Ministére de I’Education Nationale, France

7 We sincerely thank Ms. Laudeline Auriol from OECD for communicating the listings of data from which we
have drawn the figures 3 to 15 and the document DSTI/EAS/STP/NESTI (2003)9 of February 12 2003, entitled
“The supply of HRST in OECD countries: stocks, flows and characteristics of tertiary-level graduates”
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The next three figures 8, 9 and 10, represent the evolution of the number of PhD or equivalent
for the three countries. Once again the physical sciences are declining in Germany whereas
they seem to be booming in the UK and are well sustained in France. (ARP means Advanced
Research Programmes)

The series of data for the period 1993-1996, which is complete for Germany (Figure 11),
shows a decrease in engineering graduates but stable numbers for mathematics, computing
and natural sciences. If there is a “crisis’ in this country it would appear it can be dated from
the years 1997-1998.

An examination of a selection of other countries shows very different behaviour over the
years 1998-2001: there is a sharp rise in engineering graduates in Sweden and a sharp
decrease in Hungary (Figure 12). There is a pronounced increase in science graduates in
Ireland (which goes along with UK data), a less pronounced rise for Sweden, and a decrease,
which may have stabilised, for Austria and Hungary (Figure 13).

The last two OECD data-derived figures (Figures 14 and 15) show the overall number of
graduates in all fields (including social sciences and humanities) and the PhDs in all fields.
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Figure 3. Science graduates 1998-2001. (Source: OECD)
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2.3 Case study: France

French statistics show a near 60% increase in the student population between 1980-1981 and
1995-1996, but the total number of students has been stable since then and, in fact, has
declined slightly. Large differences can be observed between the student population in the
first and second cycle at French universities. There is a loss of 40% for the physical sciences
compared to a loss of only 20% for the life sciences™. Figure 16 represents the level of
enrolment in French universities over the last three years 2001, 2002, 2003, across the three
cycles in French universities (the third one being doctorate level and implying some research).
Besides the diminution mentioned above in the level of enrolment between the first and
second cycles, a decrease can be seen in the level of enrolment in the first cycle for physical
sciences of 5% and of 10% for life sciences and, in the second cycle, of 10% and 2%
respectively. However, there is an increase at the third-cycle level (the important cycle for
high-level R&D personnel) of +8% for physical sciences and +38% for life sciences, whereas
engineering enrolment is growing by +12% and third-cycle engineering by +19%. It seems
that many new entrants at university try a certain type of study and then drop out. It will be
important to work on that fraction of students to keep them focused on the prospect of a
scientific career. There may be a slight demographic effect as the total number of new
entrants in the French university system changed by -5% between 2001-2002 (294 073 in
2001, 279 132 in 2002 and 281 480 in 2003).

The number and categories of the degrees granted in the science field is represented in Figure
17 for 1999-2001. Graduates from the two first years corresponding to a degree called DEUG
(Dipléme d’Etudes Universitaires Générales) have been falling by 8.5%. Second-cycle
graduates (Maitrise) have decreased by 5%. But the number of third-cycle diplomas awarded,
such as the very popular DESS (Diplomes d’Etudes Supérieures Spécialisées), has increased
by +41%, as has the older DEA (Dipléme d’Etudes Approfondies) (+8%), while the doctorate
(PhD) remains stable. This confirms the trends shown by enrolment numbers: there are more
and more students with a tertiary formation in science and engineering appropriate to work in
R&D. However, the decline in the number of science students graduating in the first two
cycles of university may be a problem for the recruitment of teachers in the future. In
addition, the opposite trends observed between enrolment and graduates may be connected to
the onset of an economical cycle (see the case study for Germany).

18 “Reperes et références statistiques” (RERS) 2001, 2002, 2003, Ministére de I’Education Nationale et de la
Recherche, Paris
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Figure 16.  Enrolment of university students in France 2001-2003.
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Figure 17.  Science graduates from French universities, first, second and third cycle
1999-2001.
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2.4 Case study: Germany

Higher education in Germany depends on several types of institutions, the most important
being the universities (338 984 students enrolled in 2002/2003, an increase of 15% with
respect to 2001/2002) and the Fachhochschulen (specialised colleges of higher education
(126 587 students enrolled in 2002/2003, an increase of 7% with respect to 2001/2002). In the
latter, studies are somewhat shorter than in universities where they last between four and five
years. Studies are organised by semesters.

The publication “Hochschulstandort Deutschland 2003” gives some interesting data in the
form of graphs or tables that we have made into graphs.

Figure 1 for Germany represents the level of unemployment of people with tertiary
qualifications from 1996 to 2002. Unemployment reached 227 000 at the end of 1997 then
steadily declined before rising again in recent years. This economic cycle should be compared
with Figures 2 and 3 for Germany which show enrolment for and the number of graduates in
mathematics and natural sciences plus details for engineers. Enrolment decreases during the
employment crisis at a time when more graduates come on to the work market and rises again
at the end of the period when the number of graduates is still declining.

As regards the document “Towards a European research area” (COM(2000)6 final), the
European Economic and Social Committee'® made the following remark in paragraph 8.3:

“There should also be discussion about how unfavourable (e.g. for career choice) free-market
employment cycles can be adequately offset by government ‘anticyclical’ programmes so as
to protect ‘human capital’. One reason for the current lack of new recruits in science and
technology is that a few years ago a very large number of young scientists — even those with
excellent qualifications — were unemployed. A shortage of new recruits leads not just to a
shortage of human capital but also to distortion of the age pyramid.”

The German statistics illustrate that point perfectly. With reference to the case study of France
above it can be noted that the recent downward trend in enrolment corresponds to poor
prospects for scientific employment due to restrictions particularly in the public sector which
makes up half of the R&D employment in this country. Once again, this is at a time when the
number of graduates is high.

The other figures (4 and 5) in this German case study show the disciplinary evolution of
enrolment and graduates from 1993 to 2003. The anti-cyclic effect is especially clear for
physics and chemistry.

19 European Economic and Social Committee CES, 595/2000 p.15; we would like to thank Dr Wolf for bringing
this document to our attention
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Figure 1. Germany: Unemployment rate for academics — doctors, natural sciences,
engineers and teachers, 1996-2002.
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Figure 2. Germany: Enrolment and graduates for engineering.
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