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Executive Summary

Remit

In the present global economy, innovation and effective development are keys to success in the
market place. This is reflected in the efforts to create a European Research Area to facilitate
Research & Development and, more recently in the expressed intention to raise to 3% by 2010
the proportion of GDP devoted to R&D. Thisis a substantial increase for most Member States
but acknowledges that to catch up and compete with the United States, the proportion of GDP
devoted to R&D should be higher that in the USA (currently 2.9%). The human capital
deployed in the creation of new products, services and facilities emerges as a crucial element in
this economic strategy. The question to be addressed, therefore, is whether the European
Union has at its disposal the appropriate skills, at the appropriate time, in the appropriate place
and of the appropriate quality and quantity.

M ethodology

Training for scientific research is a continuous process requiring the construction and
maintenance of a substantial technical knowledge base and the acquisition of analytical and
deductive skills, al time-consuming and long-term processes. As such, the provision of trained
manpower can be likened to a pipeline where the requisite abilities can be delivered and drawn
off at the appropriate stages of development. This does not mean, of course, that all are
destined to be researchers, numerate and deductive skills are of great value throughout society
and in many different disciplines. There are several key stages in this training process and
indicators can be created which monitor the effectiveness of the production system at various
critical points. In aggregation and analysis of relevant data sets, the group has been particularly
mindful of the state of harmonisation. For that reason, particular attention was paid to trends.
This summary outlines the general observations; specific details are found in the body of the
report.

Background Issues

The effectiveness of the training-career pipeline is totally dependent on the socio-economic
environment and this can be markedly influenced by policy makers. Among the aspects of this
environment, the group has focused on:

The Appeal of Science: It is apparent from all surveys that the population as a whole is
reasonably interested in sciences though perhaps it is no longer its highest priority. At the same
time, the previoudy overwhelming belief that science usualy confers benefits is now
increasingly accompanied by concerns that the environment and nature may be placed at risk. A
relatively positive attitude towards science is also evident in youngsters of school age. The
main providers of information and opinion are the various forms of the Media and the overall
impression is that these sources produce both positive and negative effects. The problem seems
to be, however, that a general sympathy with sciences is not enough. The school environment
isamajor factor for the young and here there are considerable problems.

Despite positive European attitudes, science may not command sufficient public interest
and support. Good practice for raising awareness through a range of imaginative and
interactive events, articles, programmes and exhibitions must be sustained and intensified.
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Researchers in the Workforce: The proportion of researchers in a nation’s workforce is an
important indicator of that nation’s capability to compete in a knowledge-based economy. It
also profiles the priority given to RTD in its society. The ample data available on this issue,
however, must be interpreted along with information on research activity, to indicate the
intensity of the RTD effort, its productivity and innovation. The data suggest that only two or
three EU Member States display overall R&D activity comparable to the USA and Japan when
measured in terms of the human resources involved and the research spent. Public-sector
investment is an important driver of innovative research and now plays an increasingly
important priming influence on new company start-ups, in addition to underpinning established
industries. Despite this, there is evidence of long-term public-sector underfunding, leading to
stagnation or even decline in public-sector efficacy and productivity. Private-sector investment
in the EU shows a more positive trend, but is still considerably lower than, and being outpaced
by, the USA and Japan.

The proportion of researchersin the workforce in the EU is only two-thirds of that of the
USA and Japan, and at present growth rates the EU will not catch up. Thereisa clear need
for increased investment and enhanced career attractiveness.

Barriers: The training and efficient deployment of Human Resources for RTD is affected by a
number of barriers of variable visibility. Women working in research represent only between
one-quarter and one-third of R&D staff in the Member States and the gender imbalance gets
more pronounced with increasing rank in the hierarchy. The considerable efforts underway to
address this problem should be continued. In a period of increased economic expectation and
considerable migration, inadequate financial support and cultura differences may also lead
young people away from higher education and research training.

Gender, culture and financing may prevent the EU from making optimal use of all its
talent. Targeted public support may reduce the barriers.

Mobility: The mobility of researchers is of high value, and of fundamental importance for the
efficient operation of a European Research Area. However, being a highly dynamic process,
incorporating both sources and sinks, and operating on severa levels more attention needs to
be paid to movement into and out of the community and between disciplines and sectors. The
data, though incomplete, suggest that some Member States may be experiencing unacceptable
hemorrhages of scientific talent. In general, countries whose higher education and research
systems are internationalised and which have an environment conducive to entrepreneurship,
innovation and financia opportunity are more successful at increasing the pool of foreign talent
in science and technology. Mobility between research sectorsis low, particularly in comparison
with the USA. The EU appears to be a net provider of human resources to the USA, despite a
limited number of schemes to attract back the particularly able and distinguished.

Loss of able research talent to other nations and much more significantly, to other
activities weakens EU competitiveness in the knowledge-based economy. The opportunities,
attractiveness and rewards of a scientific career need to be enhanced.

12




Decision Stages

The training-career pipeline goes through a number of stages where the individual must decide
whether to pursue the path towards higher qualificationsin S&T. Thus, it is to some extent an
indicator of the attractiveness of the more innovative aspects of public and private R&D. These
transition points are crucia. At the same time, they are both easy to monitor and influence. The
stages traversed are:

The High School Experience: Paradoxically, the overal interest in science is not reflected in
the vigour with which scientific subjects, particularly the core topics of chemistry, mathematics
and physics, are pursued at school. The trends in students' choice of subjectsisachallenge at a
time of changing teacher influence, of shortages in quality teachers in many European nations,
and of lowered status of science and scientists in society. In several Member States, the
recruitment base for science and technology appears fragile, perhaps now inadequate to needs.
In many European countries, the educational system appears to fal in recruiting qualified
teachers in science and technology. This, together with unfavourable demographic
developments, constitutes a serious threat to the future of Human Capital for RTD. It is
necessary that governments play an active role in changing the working conditions so that
teachers are given time and space for contemporary education and enlightened management of
their schools. In this effort, competitive salary and conditions of employment are key factors.

Defection of pupils from S&T and increasing crises in teaching threaten future EU
research recruitment and capacity. Government action is crucial to remedy the position.

The Undergraduate Position: Amongst Member States, the student population is close to 25%
of the age group, compared with a value of 40% for the USA. However, the proportion doing
science is, in genera, dightly higher in Europe. Within Europe, however, these figures
demonstrate a wide variation in the share of those training in science and technology (under
25% to nearly 50%). Europe in general is dlipping rather than gaining on the supply side. The
group is particularly concerned about the diminishing attractiveness of chemistry, mathematics
and physics, as well as of engineering and technology. For knowledge-based economies, the
present trends in many countries indicate future problems in sustaining the necessary innovative

capacity.

Decreased university enrolment trends for core S& T subjects constitute a serious warning
of even greater problemsfor a knowledge-based economy.

Doctoral Training: The single most defining choice in developing Human resources for RTD is
a decision to enter Postgraduate training, the implication being that innovative research is the
preferred career direction. The prevailing picture is of a slow increase in numbers and
proportions throughout the 1990's in most European Countries. The proportions are higher
than in the USA or Japan. Some of these increases are due to ‘non-domiciled’ students who are
likely to leave Europe. Some countries are failing to attract the most able students. There
appears to be a correlation between PhD production, investment in PhD programmes and PhDs
in the workforce, with Finland as a prime example.
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The EU must sustain and exploit its advantage in research-degree production, if possible by
better support conditions and enhanced prospects.

First Destinations and Postdoctoral Training: Much of the research effort in the Public Sector
is shouldered by postdoctoral fellows, amost always on short-term contracts. Recently, there
appears to be a reduction of the supply of talent at this stage, as a consequence of the fact that
postdoctoral opportunities are seen as leading to less attractive career paths. For newly
qualified PhDs, the loss from scientific research can be as high as 40%. A small percentage
(5%) go overseas and do not return in the short to medium-term. For some Member States,
this adds up to awasteful ‘brain drain’, both to other occupations and to other countries.

The transition from training to work is a critical stage where talent is lost to EU scientific
research through the perception of poor career opportunities and conditions.

Career Progression: In some countries there is a growing tendency to dispose of mid-career
researchers through early or forced retirement schemes or transfer to non-scientific posts. On a
national level, this reduces the return on the investment originally made in training. There is a
need for an overall view of Human Resources for RTD throughout the career, and for this new
statistical data are required.

There are elements of the emergence of the disposable researcher in an ageist workplace,
leading to a waste of talent and experience.

Life-Long Learning: The group finds that LLL in its present form has a low impact on the
development of Human Resources for RTD. However, considerable opportunities exist,
particularly for the mid-career research scientist, to improve their skills base and widen
opportunities. There are a number of areas where LLL even today can be exploited for better
training and development of Human Capital. The development of Human Resources for RTD
must over a reasonably short time period come to terms with LLL as a major new mode of
learning, and with the consequences this has for the traditiona linear ‘learn first — then
research’ model.

Life-long learning is an under-utilised opportunity for career development of Human
Resourcesfor RTD.

Benchmarking and indicator s

In the light of the data examined, a number of recommendations are made in respect of the five
indicators for benchmarking originally suggested by the High Level Group. It is found that
three of these may be incomplete or ambiguous in use. Further indicators are suggested for
monitoring the flow through and out of the training-career pipeline and the mobility of
researchers.

Benchmarking indicators for Human Resourcesin RTD should be sex-disaggregated, cover
the private sector and contain information on disciplines and nationality (matrix-form
indicators).
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Each section of the full report provides detailed recommendations that might be employed in
order to facilitate progress in some of the problem areas. While the group purposely has been
very cautious in promoting best practice cases, it has found that the examples of Finland,
Bavaria and Flanders illustrate a positive strategy towards many of the problems encountered,
and descriptions of some of these devel opments appear as a separate appendix.

General Conclusions and recommendations

The training process for Human Resources for RTD in Europe is potentially capable of
delivering research and development scientists appropriate to the aspirations of a knowledge-
driven economy. However, for most Member States this requires the correction of
inadequaci es apparent at amost every key stage in the process. There are clearly country-by-
country variations but in general the statistical data support the following conclusions:

- In mobilising and retaining resources for RTD, Europe as a whole is lagging behind our
strongest competitors in the knowledge-based economies.

- The future supply of graduates of high research competence may be insufficient, even to
maintain the status quo, if present trends continue.

- The remuneration and conditions of employment in RTD are inadequate and not
sufficiently attractive for the sector to compete for quality Human Resources.

On thisbasis, it is recommended that:

- A concerted effort is needed to increase the recruitment base in S& T subjects from the
secondary school system, thisis likely to require a number of priority changes throughout
the school system.

- Measures to be taken to meet the crises in teaching, particularly in sciences and
mathematics.

- Resources and working conditions at the training institutions should be improved to
increase the attractiveness of S& T as a career.

- Specid attention must be given to the first-destination phase of recruiting young graduates
(PhD) researchers to research careers. The Public Sector is increasingly uncompetitive in
some countries.

- Measures should be taken to ensure efficient utilisation of experienced researchers
throughout the whole career period.
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1. Introduction

In January 2000 the European commission adopted a Communication proposing the creation
of a European Research area (ERA). The aim is to strengthen the coherence of research
activities and policies throughout Europe with the intention of increasing the impact of
European Research.

At the Lisbon European Council on 23-24 March 2000 the Heads of State or Government fully
endorsed the project, including a series of objectives and an implementation timetable.
Subsequently, the Research Council Resolution adopted on 15 June 2000, called on the
Commission, in collaboration with the Member States, to present afull set of indicators and a
methodology by October 2000 for benchmarking four themes. This whole process received a
further impetus at the meeting of The European Council in Barcelona on 15-16 March 2002
where it was agreed ‘. . . that overall spending on R& D and innovation in the Union should
be increased with the aim of approaching 3% of GDP by 2010. Two-thirds of this new
investment should come from the private sector.’

With these declarations, the European Union has set itself the goal of becoming the most
competitive and dynamic knowledge-based economy in the world. This appears to recognise
that in a globa economy with open markets, the economic success of any nation within an
increasingly knowledge-based world economy will depend on its ability to establish competitive
advantages. Clearly the superiority, novelty and value of a nation’s products are mgjor factors
in that advantage. These are also factors that depend strongly on the human resources
mobilised for the tasks of research, innovation and development. In this context, we must ask
ourselves how European research policies and practices can deliver the appropriate number of
researchers, of the appropriate quality and with the appropriate skills to sustain and develop
current and ground-breaking new aspects of science, engineering and technology. Even in the
present situation there are indications of a shortage of skillsin several highly advanced areas of
RTD, and a further expansion of the knowledge-based economy is likely to aggravate this
shortage. The problem may conceivably be solved by either exporting the tasks that cannot be
done at home or importing more Human Resources to solve these tasks. Neither of these
aternatives are, however, likely to lead to the kind of competitive edge that the declarations of
the European Union aim at. It therefore remains to develop a strategy for the optimal
development and deployment of the intellectual resources within Europe.

The importance of this question is emphasised by public debates taking place in many
European countries. These debates centre on themes such as the curriculum of primary and
secondary schools and the shortage of teachers in these schools, the ‘massification” of higher
education, the decline in student enrolment in some areas (most notably in the hard natura
sciences), and efforts to recruit I'T specialists form outside Europe to compensate for domestic
shortages in this sector. Most European nations are in fact already struggling with how to train
and deploy their human resources to position themselves for competitive advantage, even with
today’ s demands. The ambitions articulated in the proposal for a European Research Area do,
however, reach far beyond this, and envision a mobilisation of these human resources on a
broad European front.

It follows quite naturally from this that it becomes important to monitor how well a nation
succeeds in the training and deployment of its human resources for RTD. Not only for that
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nation, but also for Europe. Most of the serious competition in the New Economy comes from
large, monolithic nations — USA, Japan, India, China, Russia. Compared to these, the political
structure of Europe offers the disadvantage of more loosely coordinated activities in these
matters, but also the advantage of drawing on the experiences of a set of varied approaches to
the challenge of human resources. If this latter advantage is to be realised, it requires the
capability of being able to compare the national policies in the area, results, and the
development of more integrated, flexible policies. The chalenge of benchmarking is to find
those parameters that provide the critical information about this process and the best stages at
which to measure these. A transfer of knowledge and best practices between nations requires a
reasonably common set of references, but also an acknowledgement of, and respect for, the
national differences and cultura traits of the nations involved.

2. Work programme and methodology

The main objectives of the benchmarking RTD policies launched by the European Commission
is to provide support for the improvement of RTD policy design and implementation at all
levels (regional, national and European) and to promote further development of synergies and
coordination of research efforts in Europe, thus improving their efficiency and effectiveness.

The five themes chosen were:

Human Resources in RTD, including the attractiveness of science and technology
professions

Public and private investment in RTD

Scientific and technological productivity

Impact of RTD on Competitiveness and Employment

Promotion of RTD culture and public understanding of science (added later).

For each of the themes, groups of experts were set up by the Commission in order to shed light
and to analyse the current situation in EU Member States. Additionally, a High-Level Group
(HLG) with representatives of Member States was also set up to drive the process. This report
represents the work of the Human Resources Group, detailed earlier.

The theme *‘Human Resources in RTD (including the attractiveness of science and technology
professions)’, where RTD is the abbreviation for ‘ Research and Technical Development’, spans
arather wide field. The data do not, however, include information on the Social Sciences and
Humanities and for that reason have not been included in our anaysis and conclusions.
According to the Terms of Reference for the expert group on Human Resources in RTD, three
topics needed to be addressed in detail:

The overall situation of the research population in the EU Member States: structural
analysis and main trends, identification of processes, positive factors and bottlenecks, links
with industry and overall economic activity, gaps and outlook.

Anaysis of science teaching across Europe together with initiatives for raising public
awareness of science and technology (with a link to the ERA working group on raising the
interest of young people for science).
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Training and mobility of researchers in Europe (with alink to the ERA working group on
human resources and mobility).

In this work, the overall theme was approached on a broad basis, rather than making these
three subtopics the major focus. They will therefore be treated fully, but in the context in which
they must be seen as parts of alarger, more complex problem area

The term RTD may in its broadest sense be interpreted to encompass al disciplines of research
without any restriction. The visions for a European Research Area also draw on a broad,
general basis of scientific knowledge. However, with the underlying emphasis on industrial
development and innovation, there is clearly a specific need to focus on those disciplines that
have traditionally contributed directly and most heavily in this sector, namely engineering, the
so caled ‘hard natural sciences (chemistry, physics), mathematics, together with less
traditional natural sciences, life sciences, biotechnology and informatics. We have therefore
concentrated our work on the training and deployment of the human resources in these aress,
which we band together under the label ‘ science and technology’ (S& T). One important reason
for doing so is that many countries today perceive the situation as worrisome with regard to
the future of S& T subjects seen as the key to economic well-being. Despite our restrictions to
S& T, we have found in working with this theme that many of our conclusions may be carried
over to those areas of the humanities and social sciences which may experience difficulties at
present. In some countries, for example, the recruitment of foreign-language teachers appears
problematic at present. The chalenges in strengthening such an area will closaly parald those
seen within S&T. No attempt has been made, however, to analyse other than the scientific
disciplines specifically mentioned above.

The definition of aresearcher hereisthat given in the so-called Frascati manua (OECD, 1993),
namely:

‘Researchers are professionals engaged in the conception or creation
of new knowledge, products, processes, methods and systems, and in
the management of the projects concerned.’

Normally, the doctora degree, PhD or some equivalent, is regarded as a ‘license to carry out
innovative research’. The person possessing such a degree or experience is regarded as being
qualified to carry out independent research in hisher area of training. There is, however, a
further spectrum of skills required to expedite and direct research, which for the most part only
comes with informal training and on-the-job experience. At the other end of the certification
process, it is worth noting that in some countries, industry prefers to recruit researchers before
most of their formal post school academic training, providing instead what they consider a
more relevant and efficient training for their own personnel and requirements. Thus, research
comes in many guises with avariety of labels and involving a variety of skills and contributions,
something which poses a challenge to a comprehensive quantitative survey.

At the outset, the High-Level Group directing the benchmarking exercise formulated five
indicators for the Human Resources theme (Table 1).
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Table 1. Thefive official indicators of the Human Resources theme.

1. Number of researchersin relation to the total workforce

2. Number of new science and technology PhDs in relation to the
population in the corresponding age group

3. Number of young researchers recruited in universities and public
research centresin relation to the total number of researchers

4. Proportion of women in the total number of researchers in
universities and public research centres

5. Proportion of researchers from other countries amongst
researchersin universities and public research centres

Unfortunately, information from only the first two of these have been provided to the group
during the work presented here and even then in incomplete form. The other three, being new
indicators, still remain to be developed, a process that will require extensive harmonisation and
statistical evaluation of the data involved. At the outset of the benchmarking exercise, the
statistical aspect was defined as the domain of Eurostat. The work of this expert group,
therefore, has been aimed at providing some perspective on the proposed and available
indicators, at suggesting improvements and possible new indicators, and at accruing and
analysing other publicly available datasets.

In this task, the group has drawn extensively on public information, freely available. Most
European nations have fairly extensive data on their educational sector. Some overall statistics
are also available from Eurostat, Eurydice, and the OECD. The situation in the United Statesis
documented in statistics from the NSF. Only a limited amount of these available data is
rigorousy harmonised. However, in order to show developments over time, harmonisation of
the material is not realy essential.  In most cases, the conclusions emerging from even the
unharmonised data are quite robust. A rigorous comparison between different countries,
however, requires some care; but unharmonised data may ill yield valid comparative
perspectives. Because of the availability of alarge body of statistical data, less effort has been
devoted to case studies, and no public surveys or questionnaires have been carried out.

On amore qualitative level the working group has relied on open information as well as expert
evidence. Thereis a huge literature relevant to the theme of this report, but the focus has been
primarily on information that has been of particular value to this analysis and remit. The
sources are referenced in the text, but with no claim of completeness. As mentioned above,
news media and public debate on issues directly related to this theme have also been consulted
in the course of this work, but again we claim no completeness in their coverage. Evidence has
partly been collected from presentations given to the group by outside experts, and partly from
the extensive experience that the members of the group have accumulated through years of
active participation in teaching, research and administration in higher education.
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Finally, as will be evident below, there are some areas central to our theme where the European
Commission or other agencies have already carried out studies that to a large measure cover
questions which arose in our discussions. In these cases there has been no strong reason to
repeat comprehensive work carried out by others, and where appropriate their findings have
been drawn upon, thereby reinforcing those conclusions of particular relevance to our theme.

It is important to emphasise at this point that in the discussion of the influence of Human
Resources on various activities, as well as of the impact of political, social and economic
decision on Human Resources, it is vital to have a clear concept of which data are being used
to describe such Resources, and exactly in which societal context these Human Resources are
viewed. In what follows, we have related Human Resources for RTD to the career path leading
(most frequently through a PhD) to the position of an active researcher. However, for the
success of the entire knowledge based society, other Human Capital is also necessary. Thusin
an overall discussion of productivity and competitiveness, the scope of the Human Capital
sector must reach considerably beyond the restricted RTD segment that we are considering in
this report. In this broader sense, it may indeed be difficult to unambiguoudy identify the
Human Resources for RTD. (A typica borderline case would be nursing staff at a university
hospital).

It is also possible to concelve of models for a knowledge-based society where the Human
Resources for RTD in the sense we define it, would be of less importance. An example of this
would be a society that relies on importing innovation from other countries, and depends on
production and marketing strengths for a competitive advantage. (We doubt strongly whether
such a strategy would succeed in Europe in the long-term). Thus any discussion of Human
Resources for RTD must be related to the socio-economic framework in which these resources
are put to use, and for the discussion to be significant, the data must be of relevance within this
setting. To take a somewhat extreme example: Charting the number of university professors as
a function of the investment in vocational training may well produce interesting covariations,
but is probably of little relevance to a discusson of the financing of Institutions of Higher
Education.

Despite al these, qualifications, focusing on the innovative research represents the core
element in understanding the health and vitality of a future knowledge-based economy. Thus,
the main body of this report describes and analyses what the group considers to be the most
important issues connected with the successful development of Human Resources in RTD.
There are sections summing up the main messages and recommendations of the group, as well
as providing some perspective on areas that it has not been able to treat in great detail within
itsremit.
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3. Issues— Introduction

The process of training and deploying the Human Resources of a Nation may be seen as
analogous to sustaining a hedthy flow through a pipeline of development. To ensure
prosperity, it is the task of any national policies for science education and industry to maintain
this flow at a sufficient volume to provide the required base at a number of different levels, and
for a number of different purposes. This pipeline analogy highlights the dynamic aspects of this
challenge to science policy. The flow of Human Resources is constantly shifting, both in initial
volume and in the direction of the outflow. A successful policy formulation must therefore be
able to modulate and cope with these shifts, and this requires constant monitoring of the
processes involved.

The pipeline analogy (Figure. 1) illustrates the importance of the totality of the task and the
dynamic ‘feedbacks that can occur. Constrictions anywhere in the pipeline, including intakes
and outflows, will affect the entire equilibrium of the process, and when making adjustments to
the system, these must be coordinated, or efforts at improving flow through one section may be
negated by constrictions elsewhere. Benchmarking is to some extent equivalent to inserting
gauges along the pipeline to monitor flow and pressure. These gauges must be placed in such a
way that they are helpful in identifying the causes for changes in the flows through the system.

As we know in many cases where the critical points of the process are likely to be, this is
where benchmarking can be applied. These gauges are also positions a which valves, in the
form of policies, can be positioned. The outflows in the pipeline a various points represent
people leaving the formal training process, or leaving science and research for other
professions. Such movements should not be seen as negative as many non-scientific professions
benefit from, indeed require numerate, analytical, logical and deductive skills. There is aso
genera value in a well-educated population. The value of the investment begins to fal,
however, if the outflows are so great in quality or quantity that it compromises the production
of essential manpower at later stages in the training pipeline.

It is worth pointing out that the fluctuations with time through the system are complex, but
important for flow regulation. The training of a researcher is a lengthy process. Depending on
the starting point and the country, it may take from five to eight years, sometimes even longer.
There are demographic fluctuations which have had and will have profound consequences for
training and employment. Fortunately, such demographic fluctuations have the advantage of
being reasonably easy to foresee and plan for, other variations, such as perturbations in the
economic climate may be more difficult to predict and deal with. The economic downturn in
the late 1980's affected the training as well as the employment of several classes of students,
and in many countries it also had profound effects on the training structure. Any flow-
regulating mechanism, to be efficient, must somehow account for these time-related
phenomena. It must be realised also that any demand for a sizable supply of new competences
a the research level will probably take seven or more years to show effects from the time
effective measures are first applied.
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SCHOOL

Figure. 1. The Training Pipeline: Key stages are identified as valves in the pipeline, allowing appropriate skills to be drawn off at appropriate
stages. Action to tighten or loosen the pressure at these key decision points will affect flow positively or adversely.

UGE - Undergraduates, PGE - Postgraduates, PDE Postdocs
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At an early stage of this work, it was found helpful to formulate five key questions which
served as vehicles for further investigations of subordinate issues. These five key questions
were:

i How does the proportion of the younger generations committing to
science change? Are the trends similar in all scientific disciplines?

ii. To what degree is scientific expertise lost to other parts of the world
and/or to other ‘non-scientific’ employment? Isthisloss, on the whole,
damaging?

iii. Are there social and educational structures, prejudices and restraints on
scientific training such as to discriminate against sections of the
popul ation who would otherwise benefit society?

Iv. |s there evidence of barriers against the mobility of scientists? What is the
importance of mobility, in particular intersectoral mobility?

V. Are the training processes and opportunities appropriate to present and
future demands of a knowledge-based society?

These questions were useful in structuring the work of the group and are echoed in al the
observations and recommendations. However, for presentation purposes, it was found more
convenient to divide the findings into two broad subthemes.

The first subtheme deals with general background issues affecting Human Resources in RTD.
The second consists of issues arising around the decision stages normaly involved in a
scientific career path. The reason for this is that these decision stages represent some of the
critical points along the training pipeline. These are the points at which a young person under
training decides on a future career path, or where an experienced researcher decides whether to
leave research for some other profession. The advantage of focusing on these decision stagesis
that they emerge as natural points for monitoring and benchmarking. They coincide moreover
with transitions for which most countries already have data, or at least may gather such data
reasonably easily. One example is the decision to enter a doctoral program, a crucial stage in a
research career, and a transition for which there exist substantial data. (For this particular
stage, the officia indicator 2 was identified). At the same time, these decision stages also
appear as favourable points for the application of policy levers to influence the flow. Such
decisions are, to alarge extent, made on the basis of a combination of enticements, restrictions,
opportunities and career prospects as viewed by the individual, factors which governments can
influence to a considerable degree, to ensure appropriate supply to all parts of society and the
economy.

The following chapters of the report are therefore structured accordingly. The background
issues are presented first after which the various decision stages are treated separately.
Conclusions, comments on the benchmarking process, as well as some recommendations
follow each subsection.
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4. | ssues— Background

In this chapter are presented five issues that form the general backdrop for the overal
discussion of Human Resourcesin RTD. It starts by discussing the interest in and awareness of
science and technology in Europe, factors which will be decisive in providing a recruitment
base for research in this area. The present participation of researchers in the workforce is then
described and how this varies between countries. In two separate sections, mechanisms that
may have a limiting influence on the full mobilisation of a nation’s human resources for RTD
are discussed. Finally, an attempt is made at gauging the effects of investment in Human
Resources for RTD.

4.1. Appeal and attractiveness of science and technology to youngsters

Summary: It is clear that there is a serious unresolved problem in the study of science in
schools. Thisis reflected in the falling proportion of school-aged children who select scientific
subjects to age 18. The causes are many, failure of science to be presented in a positive
attractive light, lack of talented instructors and modern curriculum, perception of the subject
matter as ‘hard’ and the low status and rewards in science. Attempts are underway to remedy
these deficiencies by arange of imaginative schemes. The outcomes are as yet uncertain but are
unlikely to have a mgor impact until the position of the individual scientist and teacher in
society is substantially improved.

This background issue overlaps to a great extent with two other sources of information on the
same subject:

@ ‘'Giving the young a taste for research and careers in science’, an internal paper produced
by Commission services: the ERA working group on ‘ Stimuler le golt des jeunes pour la
recherche et les carrieres scientifiques (2000).

@ The data currently being collected by the newly installed expert group benchmarking
‘Promotion of RTD culture and public understanding of science'.

For the sake of completeness, this report gives a general overview of the factors which
influence the appeal and attractiveness of S& T to youngsters and the European public at large.

4.1.1. Do Europeans care about science?

The latest available Eurobarometer survey (2001) on European public understanding and
attitudes towards scientific research show that science takes the third place (45%) in the
ranking of interest, after culture (57%) and sport (54%), but before politics (41%) and
economics (38%). These data contrast strikingly with the 1993 Eurobarometer results, which
showed that Europeans were on average more interested in medical discoveries (45%), new
inventions and technologies (35%), and new scientific discoveries (38%) than they were in
politics (28%) and in sports (29%). A number of recent national surveysin Denmark (Siune &
Vinther, 2000), in the United Kingdom (Science and the Public, 2000), in the Netherlands
(Becker & van Rooijen, 2001) and in Switzerland (Crettaz de Roten & Leresche, 2001)
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confirm the 1993 high level of interest in science and technology but do not chart the
subsequent relative decline.

The 2001 Eurobarometer survey tested to what extent people felt informed in five areas. As a
whole, Europeans felt that they were best informed about sport (57%), with culture taking
second place (48.5%) and politics third (44%), roughly similar to the 1993 data. Only about a
third of Europeans believe themselves informed about science (33%) and economics (32%).
The increasing significance of science and technology in modern societies seems not to be
accompanied by a parallel growth in the interest in or exposure to these subjects nor in an
increased understanding of basic scientific ideas and ways of thinking (Sgberg, 2001).
Contrast this, however, to the position when specia initiatives are taken. In Denmark, for
example, theinterest in science showed a spectacular increase if special programmes are aimed
a the general public (Sune & Meglgaard, 2001). When combined with the 2001
Eurobarometer results on information about and interest in science and technology, it is evident
that a little less than one third of Europeans (29%) state that they are both well informed and
interested in science and technology while, 46% fedl that they are neither informed nor
interested. The lessons here are obvious and the Danish experience is didactic but both
manpower and resources are required.

Judging from enrolment into tertiary studies (see later), recruitment into science and
technology (particularly chemistry, mathematics and physics) is decreasing in many countries,
or at least not developing as fast as needed or planned for. Over the past ten to fifteen years,
there have been frequent expressions of concern that so few pupils are taking up science and
technology. This relative lack of involvement at school continues into adulthood, as is
repeatedly manifested both in surveys of scientific literacy and by the regular calls for more
scientists and engineers. Judged as a proportion of the relevant population, young Europeans
are increasingly shunning science and technology when it comes to study options and career
choices. Sgberg (2001) has listed a number of possible underlying reasons for the present
alarming situation. According to the 2001 Eurobarometer survey, more than half of Europeans
(59%, both younger and older; 67% of young people) think that science lessons at school are
not appealing enough, 55% (59% of young people) are of the opinion that science subjects are
too difficult, and 42% (40% of young people) consider salaries and career prospectsin the field
of science to be insufficiently attractive.

Only 42% of Europeans think that this lack of scientific vocation in youngsters constitutes a
threat for future socio-economic development, and as this threat is not perceived as urgent, it is
logical that 54% of the Eurobarometer 2001 respondents believe that companies will always
find the skilled people they need. Despite this, aimost two-thirds of Europeans support the
idea of active public support in this area (three-quarters among those who believe that the lack
of vocation is athreat).

4.1.2. How does a young person develop an interest in science and technology?

It would run counter to an open and libera approach to education for Europe to force young
people in the direction of science and technology. As with al aspects of their lives, they want
to discover for themselves what is attractive and fulfilling. Thus, it would be preferable to offer
opportunities and challenges that are attractive and interesting, rather than overly forceful
inducement with special programmes designed solely to benefit a knowledge-based society.
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The young frequently make their choices based mostly on impressions often strongly influenced
by peer groups, media coverage and parental examples. This is not surprising, for the choices
they have to make are difficult because of the flood of information and attitudes from all
sources. It isthus paramount that science and technology are presented in a natural way, from
an early age and in an environment with which the young are comfortable. S& T appear thus as
one natural aternative in the wide range of positive options open to them.

Information on science arisng from many different and diverse sources are directed at
youngsters: school (contents of curriculum, enthusiasm of science teachers), family (stimulation
of interests, family members studying or working in science or technology), science centres
(exhibitions, museums), science laboratories at higher-education institutes, and the media
(movies, television, books, press, Internet). Bombarded with al this advice, it is not surprising
that, school, family and friends undoubtedly constitute the sources with the highest impact on
youngsters.  Amongst these, school has a heavy responsibility. Frequently, when asking a
university science student what motivated his or her choice, one gets the reply: ‘Well, there
was this teacher in high schoal ...’

4.1.3. Schools

How can schools meet the present day challenge of presenting S&T in a balanced light. It is
self-evident that increasing the appeal of science and technology to young people depends on
what is done in schools, and here the design of the curriculum is one vital factor. It has
frequently been argued that the introduction of scientific ideas should begin in primary school
by developing curiosity. Teaching methods in the past have perhaps been too concerned with
the need to fill minds with fact rather than to stimulate them. In the 21% century, the education
offered has to be varied and customised. Pioneering approaches in contemporary education to
retain the individua pupil’s interest in science and technology should continue to be
encouraged. Innovations in the science curriculum should cross boundaries between
conventional disciplines such as physics, chemistry and biology, making the presentation more
akin to the complex and multidisciplinary realities of the contemporary world, for example
genetic engineering or biotechnology.

O’ Donndll & Micklethwaite (2000) have carried out a thematic analysis providing information
on science education in several countries (Queendand/Australia, Ontario/Canada, France,
Netherlands, and Sweden), and Kitt (2000) has presented a report on the situation of science
education at al levelsin Ireland. James (1998) has reported on possible innovations to widen
the appeal of science in schools, and Miller & Osborne (1998) have given recommendations to
adapt the UK science curricula to education schemes for the future. Jenkins (1999) linked the
results of studies of the public understanding of science with the form and content of school
science education. Finally, §aberg (2001), criticising the present science curricula, has given a
review of recent trends and responses of social and educational aspects in science and
technology, and discussed ways to reform the present systems.

The implementation of these new developments in education requires every encouragement for

some of the ablest men and women both to enter and to remain within teaching. The most
urgent problem in science and technology education, however, is the growing shortage of
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talented teachers. The teaching profession will therefore have to become a more attractive
career choice; its importance should be stressed by awider and better recognition of its stature

and the financial returns should more adequately reflect the abilities and commitment required
in a competitive and challenging environment. These improvements could lead to the entry or
re-entry into teaching of people presently employed in other sectors.

4.1.4. Media

The media are the most prominent sources of scientific information for the public. European
citizens receive their scientific input mainly from television (on average 60%), the press (37%),
radio (27%), school or university (22%), scientific magazines (20%) and the Internet (17%).
The media also play an important role in the paradoxica relationship that society has with
science and technology. Although society itself has been shaped by scientifically-based
developments, the public understanding of the pillars of that knowledge — science and
technology — is one of a confused blend of admiration for the achievements, aversion from
disadvantages, and reservation about further devel opments.

Public attitudes towards science and technology are influenced by the media and also by the
way science and technology are portrayed in the cinema. The influence of science on everyday
life is apparently so mundane that it does not make for good dramatic action: instead the
negative effects of science are of greater interest to the makers and the audience of movies.
Indeed science and scientists are often depicted in them as the origin of past and future
apocalyptic disasters or of present ecological tragedies (ie the ‘mad’ or ‘bad’ syndrome).

In recent years, the ‘serious European newspapers and magazines have included science
sections in their editions. These sections are usually well written and informative. In the main,
they present the positive achievements of science and technology, and their potential benefit for
society. But their impact on the genera readership is probably small, unlike the political and
business headlines. When science isin the headlines or on the front page, there are usually three
main reasons: the high-lighting of discoveries because of the need for public funding, the
negative impact of some development or the debate between conservationists and scientists on
the bad effects of science. Such headlines are often unbalanced and do not contribute to a
positive image of the profession. About 36% of Europeans think that scientific and
technological developments are presented too negatively in the media, and in addition, 53%
believe that journalists treating scientific topics do not have the necessary knowledge or
training do justice to the subject matter (Eurobarometer, 2001).

Many of these considerations also apply to television, where science in the news is handled just
as in the other media. However, the popular science programmes, and complete channels
devoted to science have had a beneficia impact. The spectacular successes of science and
technology in astronomy research, space exploration, biotechnology, etc., lend themselves very
well to some degree of prime-time ‘infotainment’. Most of the attractiveness of science in the
public understanding probably stems from these programmes, and television is unquestionably
the leading source of information about new developments in science and technology
(Eurobarometer, 1993; 2001).
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4.1.5. Science centres and the Internet

Two recent phenomena are considerably helping the appeal and the attractiveness of science
and technology to youngsters — science centres and the Internet.

Many of the traditional science and natural history museums have metamorphosed into science
centres or science parks, and new centres of this type are being established all over Europe.
Many major cities and centres of population in Europe are now planning, building, or operating
a science exhibit. The rather stuffy and static exhibitions and presentations of the past have
been transformed into lively and dynamic environments of science, where experiential and
interactive learning are the key features. pupils finding out for themselves the answers to their
own questions. To achieve this, these science centres often take the visitor's everyday
environment as the starting-point. Such centres are now among the most popular tourist
attractions, although still fewer than one European in five (18%) has recently visited such an
establishment (Eurobarometer, 2001).

Within the 5" EU Framework Programme (Improving Human Research Potential, Raising
Public Awareness), a contract was awarded (HPRP-1999-00015) to a project (‘ Bringing Pupils
to Science and Technology’) which aims to improve the expertise of European science centres,
to monitor the rapid changes in such centres, and to encourage and facilitate collaboration and
exchanges between the centres. ECSITE (the European Collaborative for Science, Industry
and Technology Exhibitions) is an organisation that promotes collaboration between its 250
members with more than 25,000,000 visitors every year.

The important role of the Internet in the education of youngsters is evident from the many
surveys conducted to study its use. According to such surveys, both in Europe and in the USA,
the Internet is generally regarded as a positive force in childrens education, e.g., 50% of
children go online primarily for schoolwork, amost all teachers consider Internet access in
their classroom valuable or essential, and parents say they are more involved with their
children’s education. Y oungsters prefer going online to watching television and talking online
to using the phone, and they agree that the Internet offers persona benefits in writing and
language skills and in their performance as students. The future development of virtual teaching
and learning programmes is therefore a logical continuation of the existing use of the Internet.
There is a wealth of S&T information to be found on the Internet, but as with any tool,
children (and their parents and teachers) need to learn how to use it effectively. A worrying
fact, however, is that the maority of many S& T web sites are in English, which inhibits their
use by non-English speakers.

4.1.6. Good-practice examples

As mentioned above, many European countries are working actively on the problem of science
curricula in both primary and secondary schools. Sgberg (1999) has described some of the
many initiatives that recently have been taken at an officia level (State or Ministry of
Education) to face the challenges of negative attitudes and falling recruitment of youngsters
into science and technology. Within Europe amost every country has developed such
initiatives, e.g., the Nordic countries have their NOT or LUMA (Finland) projects, Germany
the BLK project, Netherlands the AXIS programme, the UK several programmes for pupils
and teachers, Portugal has the large Ciéncia Viva programme, France La Main a la Péte, and
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Ireland the Task Force for Physical Sciences. The expert group is reluctant at this stage to
highlight any of these as best practice, many of them have only been active for a short time, and
it would be premature, as well as beyond the scope of our work, to evaluate this here or now.
However, as an example of a concerted effort in this area, we include a description of the
strategy pursued by the Flanders region of Belgium to promote the understanding of science
and technology (see box below).

Popularisation of science and technology in theregion Flanders (Belgium)

From 1993 onwards, Flanders regarded the popularisation of science and technology as an
essential part of its overall S&T policy, setting its own strategic goal and subgoals,
implemented each year in an action plan. The strategic goa underlying the actions taken is
to strengthen support amongst the general public for science, technology and innovation,
thereby laying the ground work for a knowledge-base society.

The overall objective is to generate a change of attitude in the public as a whole, whilst
specific objectives are directed at target groups, related to specific needs in the society. One
of these is the requirement for people skilled in science and technology by the industrial
sector, a need that is growing but to which an immediate solution in terms of human capital
isnot available.

In 1994 the action plan had a budget of about Euro 750,000 (0,1% of the total budget for
S& T policy), in 2001 this budget had increased to about Euro 6,200,000 (0.54% of the total
budget for S& T policy).

After some years, five activities within the action plan are benchmarked: science kits, science
in the picture (part of the Science Week), science thestre, science centre and a
communication campaign to highlight the importance of S&T to pupils in the last year of
secondary schools, atime when career decisions are being made.

One of the supporting measures is to establish networks of teachers: since teachers are an
important intermediary link to children they can support the scheme by helping to implement
certain aspects of S& T within the curriculum. In order to support the teachers, networks of
expertise again involving teachers are being set up. A network of primary school teachers
is dready established and is growing constantly.

4.1.7. Benchmarking consequences

At present, we foresee no easy way to use the population’s interest in science as a benchmark
of national science policy nor of assessing its real impact on the uptake of scientific subjectsin
schools. The Eurobarometer findings are of value, but a clear time relationship would be
preferable. For benchmarking purposes, the best that can be done is to analyse statistical data
originating from the training process.
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4.1.8. Conclusions

The European public exhibits a reasonable interest in science, however, there is
considerable room for improvement, particularly since this interest appears to be waning.

The role of the schools in fostering this interest and awareness should be strengthened.
Resources and instruments be introduced to facilitate this (e.g., speciaist personnel).

The portrayal of science and technology in the mediais mixed; on the one hand a great and
positive effort is invested in popularising science, on the other hand, the news-coverage is
often undeservedly negative towards the individual scientist and the profession as a whole.

There is room for greater effort a improving the public image, despite the aready
outstanding work being done by afew individuals. However, with the scientific population
already under severe pressure, this additional commitment can only be limited unless
additional resources are made available.
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4.2. Resear chersin the workfor ce

Summary: Analysis of research activity of European society as assessed by researchersin the
workforce, expenditure on R& D, and paper and patent publications, lead clearly to the
conclusion that all Member States are being outpaced in intensity and innovation by the USA
and Japan. The position is variable, most severe in Southern Europe and less seriousin
Scandinavia. In general, both public and private investment in R& D lags, in some cases very
markedly, behind that in the USA and the gap is widening.

The relative number of researchers in the workforce is Official Indicator 1 (Table 1) of the
Human Resources theme. In many respects, this indicator points to the capacity and the
emphasis placed on research, innovation and development in the European Community, both
Public and Private. Tables 2

Table 2. Researchers per 1000 workforce and annual growth of the number of researchers.
All data of latest available year. (EU-15 without L uxembourg).
Data sources: Key Figures 2001 (Eurostat).

Country Resear chers per 1000 Average annual

workforce growth (%) of researchers
Austria 4.86 7.86
Belgium 6.11 4.59
Denmark 6.46 3.96
France 6.14 1.22
Finland 10.62 12.68
Germany 6.07 1.00
Greece 257 6.29
Ireland 5.12 16.51
Italy 3.33 0.34
Netherlands 5.05 4.71
Portugal 3.27 7.61
Spain 3.77 6.79
Sweden 8.44 4.66
United Kingdom 554 2.66
EU-15 5.28 | *2.89
USA 8.08 **6.21
Japan 9.26 257

* For 1995-1998; ** for 1995-1997. According to the OECD (2001), the growth rate in the
period 1995-1999 was similar in the EU-15 and the USA (about 3% annualy).
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Figure. 2. Researchers per sector (%). All data of latest available year. (EU-15 without
Luxembourg). Data source: Key Figures 2000 (Eurostat), except USA (NSF).

and 3, and Figure. 2 illustrate the trends and reveal wide and growing differences between
Europe and its two principal competitors, the United States and Japan. Comparable data for
the likes of China and India are not available but may reveal an increase which is greater than
any of those shown here. In other words, the proportion of the European workforce engaged
in research and development in the areas of science and technology is lower than and/or rising
more slowly than Europe’'s principal competitors. If one considers that the European starting
point is lower than that in Japan and the USA, then there is serious cause for worry about the
capacity for innovation.

Tables 2 and 3, Figure. 2 and various other sources (see 5.2.6) give data for individual Member
States, the distribution between the private (business) and (semi-)public (government and
higher education) sectors, and research funding in these two sectors. The data in Tables 2 and
3 and Figure 2 give rise to the following observations:

@ Human resources in science and technology grew significantly between 1995 and 1999 in
southern Europe (with the exception of Italy), Ireland and Finland.

@ Only Finland and Sweden show relative research efforts comparable to the USA and Japan.
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Table 3. R&D expenditure (%), breakdown by institutional sector.
(EU-15 without L uxembourg)

Country Business Government | Higher Education
Enterprise
Austria n.a n.a n.a
Belgium 72 3 24
Denmark 63 16 21
France 65 18 17
Finland 68 12 20
Germany 70 14 16
Greece 26 24 51
Ireland 74 7 19
Italy 54 21 25
Netherlands 54 19 27
Portugal 25 31 43
Spain 54 17 30
Sweden 75 3 21
United Kingdom 69 11 20
EU-15 | 66 | 14 | 20
USA 78 7 15
Japan 74 10 16

Data source: R& D expenditure and personnel in Europe in 1999 and 2000 (Eurostat).

Overadl, the R&D intensity values have not changed significantly from one year to the next,
but in the period 1995-2000 increases are noticeable in Finland, Belgium, Denmark and
Austria

A strong concentration of R& D expenditure in one or two regions of a Member State is a
common feature. The concentration is particularly strong in Greece, Finland, Portugal and
Austria

Countries with low overal participation rates (Greece, Italy, Portugal, Spain) are
characterised by a low proportion of research workers in the industrial/business sector.
However, this proportion appearsto be rising.

The most recent data show that the business sector provided more than 60% of domestic
R&D funding in OECD countries, a dight increase from 1990. In the EU, the share of
R&D expenditure at constant prices of business enterprises was 66% in 2000 (63% in
1995). In the United States business enterprises accounted for 78% of R& D expenditure in
1999, and in Japan for 74% (Table 3).

In most countries, government’s role in funding R&D declined over the 1990s. The
strongest decrease, between 1995 and 2000 is observed for the United Kingdom, where
government R& D expenditure declined by an annual average of rate of nearly 5%.



