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Preface

This current study was undertaken for the Dutch Ministry of Education, Culture and Science,
with the aim of reviewing a selection of policy measures regarding science and technology (S&T)
education, and of identifying policy measures that could be successfully applied to the Dutch
education system. The aim of the European Union to become the world’s leading competitive
and dynamic knowledge economy, as agreed in Lisbon in 2000, is directly linked to the initiative
for this study. The current outflow of S&T graduates in the Netherlands is among the lowest in
Europe and this is perceived as a direct threat to the innovative climate in the Netherlands and to
the Dutch contribution to the success of the Lisbon agreement. Through this study the Dutch
government hopes to be able to learn about successful and effective policies to improve S&T
education, and support the initiatives developed by industry and education.

The Dutch Ministry of Education, Culture and Science commissioned RAND Europe to
perform a review of policy measures in a sample of six European countries. The sample includes
countries that have proven to be successful in attracting and retaining high levels of students and
professionals to S&T related fields; countries that are only now becoming aware of the issue; and
countries, in common with the Netherlands which are clearly falling behind. The six countries
reviewed here are Finland, Sweden, Germany, Italy, Ireland and the United Kingdom. Where
appropriate, comparisons are made to the current Dutch situation, but a review of the Dutch
policy measures regarding S&T in higher education is not included. Data collection was
conducted between November 2003 and June 2004.

The study consists of three main parts. First, we analysed statistics concerning developments in
education, particularly those, where available, on science and technology over the previous 25
years. Second, we examined structural differences and common elements in the educational
systems and identified policies that complement or address these differences. Third, we assessed
potential and actual bottlenecks in accessing S&T education through document analysis and
expert interviews.

This report is written for policymakers with a professional interest in educational policy in
general and a concern for education in S&T in specific. However, we hope that other readers
with a similar interest will find the results of interest and of professional use.
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RAND Europe is an independent not-for-profit policy research organisation that serves the
public interest by improving policymaking and informing public debate. Its clients are European
governments, institutions, and firms with a need for rigorous, impartial, multidisciplinary analysis
of the hardest problems that they face. This report has been peer-reviewed in accordance with
RAND’s quality assurance standards, and therefore is presented as a RAND and RAND Europe
product. For more information about RAND Europe or this document, please contact Erik
Frinking at RAND Europe or Hella Borking (Ministry of Education, Culture and Science).

Erik Frinking Hella Borking

RAND Europe Ministry of Education, Culture and Science
Newtonweg 1 PO Box 16375
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Summary

The long-term goal for Europe to become the world’s leading competitive and dynamic
knowledge economy was formulated at the Lisbon summit in 2000, and affirmed and specified in
more detail in the following Barcelona summit. However, there is an increasing shortage of
scientists in Europe, and surveys indicate that science and technology (S&T) as a career is steadily
losing its attraction. The Netherlands is concerned about its low number of graduates in S&T, a
weakness that is aggravated by the low female participation in S&T.

In light of this, the Dutch Ministry of Education, Culture and Science commissioned RAND
Europe to perform a review of policy measures implemented in a small sample of six comparable
European countries, in order to ‘identify effective policy measures that can increase the uptake and
pursuit of science and technology in higher education’. This study was consequently undertaken to
identify policy measures that could be successfully implemented in or modified to the Dutch
education system.

The countries in this review include countries that have proven to be successful in attracting and
retaining high levels of students and professionals to S&T related fields, countries that are only
now becoming aware of the issue as well as countries in common with the Netherlands that are
clearly falling behind. The six countries reviewed here are Finland, Sweden, Germany, Italy,
Ireland and the United Kingdom.

The results presented here are based on a structured and thorough analysis of the factors
determining study choice and factors sustaining the (study and career) choices made. In addition
to providing detailed statistical evidence to support the findings, the study includes a review of
literature on mostly psychological studies with regard to S&T education that aims to provide
insight into causal relationships between policy measures and their effects and help establish the
effectiveness of policies and initiatives. The analysis addresses the issues covering the whole
spectrum from supply and inflow of students, choice restrictions and motivations, the structure of
the various educational systems, yield and student retention and labour market issues (Figure S-

1).
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Figure S-1
Conceptual framework with regard to factors influencing inflow and outflow of science and
technology
INFLOW ——— { STUDY —— OUTFLOW
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Establishing the background regarding S&T in education since 1980

There seems to be a straightforward influence of education structure on overall S&T status. In
those countries where science subjects are an explicit part of the compulsory curriculum (such as
Sweden, UK and more recently Ireland), the uptake of these subjects is relatively high. In all
countries, one can establish a clear gender gap, with often overwhelming male domination in
engineering and the ‘harder’ technological subjects. This is even more remarkable given the
gender shift in the student population as a whole. In higher education, women have caught up
and now participate at least as much if not more than men. Other developments in the student
population are increased participation of mature students (Sweden, UK and Germany) — which
in some countries is offset by an increased inflow of young secondary education graduates
(Ireland) — and the rise of ethnic groups into higher education (discussion in Appendix A)'.
Benchmarking the student population in 2001 shows that international differences in the number
of freshmen students in S&T are mainly the result of a choice between S&T and other subjects
rather than a reflection of differences in the total number of students in higher education as such.
The relative size of the entrants group is comparable for Germany, Italy and Finland, but in
Finland a far greater portion prefer S&T over other subjects. In the Netherlands and Italy,
freshmen clearly prefer law, economics, and social and health sciences. The Netherlands score
particularly low on natural sciences, while its position with regard to engineering and technology

! Given the fact that ethnicity is not widely registered, this trend is based on anecdotal information or limited sources.
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is less extreme. In Finland and Sweden, where higher education is seen as a right and therefore
knows very few access restrictions, the student stock is larger than in the other countries, where it
is not an automatic right. These two countries also have much larger shares of engineering and
technology students per 1,000 population (age group 20-29). While Germany, Italy and Finland
have fewer graduates overall than the other countries, Finland has about as many S&T graduates
as the four countries with more graduates overall, indicating that in Finland the choice for S&T
has been at the expense of law, social sciences etc. In all countries student retention in S&T is less
(higher drop-out) than in other subjects. Only in the Netherlands is the drop-out rate of non-
S&T subjects for males remarkably high, indicating perhaps shifts in tertiary education (e.g.
between formal and other forms of education) that are not captured by these statistics.

A long-term perspective gives rise to an increased urgency for initiatives to turn around some

developments in some countries. Comparing the growth rates of student populations between
1990-2000 shows that

¢ the number of men pursuing technology/engineering subjects has been on the decline for
over 10 years,

¢ in Jtaly and the Netherlands the male student population has declined across the board,

e in Sweden and Finland (for S&T) and the UK and Ireland (in particular the science
studies) the student population is characterized by rapid growth, both for men and
women,

e the decline in freshmen S&T students dates from the late 1980s in Germany and Italy,
starting some 10 years later in the Netherlands; only in Finland has there been a steady
increase in the share of S&T,

¢ while Finland has been able to capitalize on developments resulting in a steady rise of the
S&T share, even given the decline in the last 20 years, Germany still has a share of S&T
students that is only slightly below; the S&T share in Italy and Ireland is very slowly
moving downwards; the Netherlands deserve to be labelled ‘falling behind’ with
consistently the lowest share of S&T in the group,

® the Netherlands, and to a lesser extent Germany, have the lowest female participation in

S&T.

The employment outlook for S&T graduates is relatively good, with significantly lower
unemployment rates than in other fields. However, although unemployment for male S&T
graduates is declining, female graduates are more likely to become unemployed than male
graduates. The little data available on income suggests that skilled S&T graduates start out on a
higher salary level (Italy, Finland, Ireland), except in teaching and publicly financed research
(UK, Ireland, Netherlands). The career outlook differs between countries, with education systems
leading to generally well-defined career paths (Germany, Italy and to a lesser extent Finland and
Sweden) or systems leaving a broader choice for career development (UK, Ireland and the
Netherlands). The demand for skilled professionals has increased over the decades and can be met
by a number of countries (Finland, Sweden, Italy, UK) but there is still concern regarding the
ability to match future demand.

In an effort to establish how different education systems affect the uptake of S&T, this study
shows that there are large similarities in — and clear differences between — the structure of the
educational systems for primary and secondary education. Similarities include: the general
compulsory period (4-16 years); upper and lower cycles in secondary education; and moments of
choice for specialisation etc. While secondary education includes at least a number of science
subjects, there are differences in the explicit emphasis given to science (and technology) at
primary level, with Germany, Sweden, Finland, UK and the Netherlands choosing a compulsory
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approach. The emphasis on S&T in primary and secondary education is reflected in the results in
international comparisons. In all countries there are two or more moments of choice for or

against S&T:

1. at 12-13 in Italy (and in the other countries when choosing specialized — or lower
vocational — education),

2. at 15-16 (not in Italy) moving from lower to upper cycle in secondary education and

3. at 18-19 on entering higher education or polytechnic.

In general, 15/16 seems to be the watershed age with regard to choosing an S&T-oriented study
path. Although in this study no direct statistical relationship can be established between the
emphasis on S&T before this age and study choice in higher education, influencing the
experience of S&T before this moment would seem essential to counter the outflow at this point.
Finland, Ireland and the UK have implemented specific curriculum reforms aimed at improving
the image of S&T before this choice-moment with positive results. Improving S&T education
through specialisation (UK) or a more practical orientation (Ireland) or including a ‘remedial’
year to improve S&T skills (Sweden) are all proven methods to counter outflow from S&T
before higher education.

Access to higher education and student retention in S&T disciplines, are influenced by entry
requirements, financial issues, and the quality and image of S&T.

Entry requirements: Access to higher education is either defined by the results in secondary school
(A-levels in the UK, final grades in Ireland, passing grades in appropriate subjects for Sweden,
Germany and the Netherlands), or entrance exams (state exam in Italy, entrance exams in
Finland and the UK for Oxbridge only). In addition there are countries that facilitate alternative
routes into higher education (and S&T), e.g. Ireland, Finland.

Financing: Depending on a country’s philosophy on higher education provision, countries either
do not charge tuition fees for full-time state education (Finland, Sweden), or they do and fees can
differ by nationality of student (Netherlands, UK), institute (UK and Italy) or type of course
(UK). Various countries provide a financial system to encourage enrolment; Finland and Sweden
(and Netherlands for a limited time) provide all students with grants for living expenses, while
other countries limit the loans and grant system to specific groups, often depending on income
(Italy) or hardship (Germany, UK).

Table S-1
An assessment of performance in six areas
choice SE alternative T/S ratio  Estimated
amendable quality* routes to HE S&T image in HE yield
Finland ++ ++ ++ +4+ - -
Germany - + + - + +
Ireland ++ + + ++ -
Italy - -- - + -
Sweden ++ + ++ + ++ -
UK + ++ + + -
Netherlands * ++b ++ + + -

Note: A plus or minus does not imply an increase or decrease in nhumbers or a low or high score in
absolute terms. Instead, a plus indicates relative good performance within this sample of countries

and a minus indicates relative bad performance.

*) source: www.pisa.oecd.org/knowledge/chap3/f3_2.htm; b) source: TIMMS 1996
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Quality and image: The image of S&T is considered a major problem in attracting S&T students
to higher education, such as in Germany and the Netherlands. However, even in countries with a
good S&T image (UK and Ireland) there is concern about meeting the future demand of S&T
professionals. While the effect of early experience with science subjects is difficult to assess, it may
be reflected in a positive attitude in society towards S&T.

Ranking the countries with regard to the structure and issues that influence S&T choice (Table S-
3) shows that the Scandinavian countries are the better performers, Germany and Italy perform
below average and Ireland, the UK and the Netherlands occupy the middle ground in this

comparison.

How and why policy measures seem to work

In an effort to assess the most potentially effective measures, RAND Europe performed a focused
literature review with the aim of comparing the specific elements addressed in actual policy and
various issues and elements that have been identified in the scientific and empirical literature as
crucial to attract student to (S&T) education. We have focused on four common bottlenecks:

cultural and attitudinal aspects (including gender perspectives);
issues of quality of education and teaching;
conditions influencing student retention; and

RN

labour market perspectives.

While the first two bottlenecks influence student choice, the latter two involve sustaining the
choice made.
Attitudes towards S&T are not necessarily culturally fixed and unchangeable. Attitudes are
influenced by awareness of and knowledge about issues. We have observed that a major part of
the effort is aimed at increasing awareness, focusing on one or more of the following dimensions:
awareness of

1. S&T as a field of study;

2. variations within S&T at higher levels where the emergence of specialties or cross-over
disciplines complicate making the optimal choice and thus influences student retention;

3. future options and the attraction of potential students through awareness of the range of
professions or the requirements for the profession choice;

4. career opportunities and optimizing the dynamics of the labour market; and finally

5. the influence of S&T on society and every-day life, where both the media attention and
the prevalence of high profile champions or active local industries can draw attention to
S&T, focus the general attention, keep the discussion going and keep developments in
the public eye.

Gender-related attitudes have proven to be fairly persistent, and efforts to change these are
requiring even more perseverance and patience than changing attitudes based on awareness.
There are a number of behavioural issues and dynamics that interact to undermine the
effectiveness of policy, in particular in a co-educational system such as
1. teacher-to-pupil behaviour where teachers differ in their treatment of pupils and students
by gender;
2. perception of performance which is not gender defined, but strongly related to gender;
1. gender group dynamics;
3. gender one-on-one dynamics where peer pressure and differences in social interactions
can discourage girls from choosing S&T; and
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4. gender differences and perceptions with regard to many aspects of learning. It is
remarkable that none of the policy initiatives we analysed explicitly addresses any of these
issues. Indeed the surprise expressed at some unexpected results seems to indicate that
perhaps these behavioural issues are relatively unknown within the community of
policymakers. As mentioned before, attitudes are notoriously slow to change, which
implies that such policy efforts would require a sustained effort over decades rather than
years.

Then there is the issue of defining the scope of policy measures. Answering the question, “Whose
attitudes need to change?’ should help establish this. Within this study we have focused on five
specific target populations: (1) teachers, (2) students and pupils, (3) parents, (4) employers, and
(5) society as a whole. The policy measures in this review focus mostly on teachers and pupils,
which may be a result of the selection in earlier stages in the study. However even with this
complication it is clear that both Finland and the UK are most active in this regard, and both
countries have recognized the need for long-term thinking and implementation here. The UK is
unique in its ‘shot gun’ approach, developing a wide range of policy initiatives aimed at the full
range of target populations. Each initiative builds on previous experiences, but emphasizes a
particular niche in the ‘changing attitude’ market with clear positive results for female
participation in S&T. Perhaps the effort to counter the decline in male enrolment might benefit
from the insights gained here. Another remarkable result is that despite the substantial and long-
term effort, Finland has not been able to increase female participation in any significant way. This
may imply that a sustained effort is required to keep female participation at the level it is at this
time (around 35%) — emphasising again that increasing female participation is a difficult issue
requiring sustained commitment to policy targets.

Improving teaching (and S&T education in particular) is a recurrent theme in documents and
policy initiatives. However, there is no clear description of what is perceived to embody high-
quality learning. In this study we have focused on the assumption that education means
emphasizing ‘learning to think’ above ‘knowing a lot’, and that higher education aims to foster
‘higher order thinking skills’ (or HOTS). This means that high-quality learning can be
implemented from primary school upwards, but cannot be realized without taking a number of
important issues into account. All these issues, if not addressed and not ‘built into’ the policy
development, will obstruct — if not prevent — any real change or improvement taking place. These
issues are (1) the teachers” perceptions and beliefs regarding teaching and teaching practices; (2)
the teachers’ level of expertise, both in teaching skills as subject expertise; (3) learners’ perceptions
of learning and teaching; (4) the effect of the educational organisation on the teaching
environment — in particular the issue of assigning the responsibility for good performance; (5) the
effect of the origin of innovation on the level of support to implement it; (6) the combined effect
of, one the one hand, teachers’ and learners’ perspectives on learning and, on the other, teaching
on the learning environment and lastly (7) the effect of the learning environment on the learning
outcome. In this chapter we have explicitly included issues on personal epistemology and
development because we feel that in policymaking these issues are recognized as interesting in a
theoretical sense, while the practical implications in education are severely underestimated.
Conflicting — or even incompatible — beliefs about what ‘good teaching’ and ‘high-quality
learning’ are will lead to miscommunication, resulting in less than optimal implementations,
creating a sub-optimal learning environment and undermining the success of any innovation
aimed at improving education. While not all these issues are explicitly included in the policy
descriptions we have reviewed, we have given the benefit of the doubt to the many initiatives that
show awareness of them. Under this assumption we see again that the front-runners Finland and
the UK address almost the full range of issues listed here.
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There are many factors influencing student retention, many of which are essential in the early
years (first and second year) and some build up in importance over the study period. In this study
we discuss the following five:

e cnvironment: the change from a relatively protected environment to the campus society
can be difficult, and initiatives creating a learning community help freshmen students to
adapt;

® choice: the more students feel committed to (or feel a relationship with) the subject and
the more they have a realistic view of the study and professional life thereafter, the lower
the drop-out. Initiatives aimed at providing good information in this regard, help
prevent sub-optimal choices and lead to lower drop-out;

e skills: as with climate, students not only need learning skills, but also life skills to
function in the new environment. Initiatives aimed at improving life skills as well as
study skills help freshmen students survive the first years and lead to lower drop-out and
often better attainment in the long run as well;

® learning environment: when learning is less controlling, student-centred, or performance-
centred will improve motivation thus in turn driving student retention;

e financial issues: while study choice is not predominantly influenced by cost
considerations, financial hardship is a serious threat to student retention and many
countries include specific measures to prevent drop-out for this reason.

Again Finland and the UK have the most comprehensive set of initiatives, while the other
countries only address one or two of the issues above.

The efficiency and dynamics of the labour market for S&T graduates and professionals are not
the responsibility of government alone; employers and education need to take initiatives and in
fact, in many countries they are actively involved. Government policy measures address the
following five bottlenecks:

¢ insufficient outflow of S&T graduates from higher education: this outflow is influenced
by insufficient uptake of S&T as a study choice. Measures that focus on improving this
uptake assume that S&T students will proceed into an S&T-related career. However,
there is also evidence that graduates from near-S&T disciplines can and do flow into
certain S&T career paths. Most policy measures do not address this latter issue but
concentrate on influencing study choice earlier in the supply chain;

e outflow of S&T graduates and professionals into non-S&T careers: while a proportion of
the outflow is due to personal motivations, policy can influence this outflow by
providing sufficient and attractive post-graduate or post-doctorate positions and
improving working conditions and salaries. There are a number of policies in the review,
which address this issue successfully. In addition, there are a few policies aimed at
providing incentives to industry (or education) to provide for S&T-oriented positions.
However, we feel that an overall long-term view is missing at this time;

e outflow of S&T graduates and professional to other countries (brain drain): while a
proportion of the ex-pat professionals may in time return, the motives to remain abroad
often touch on the excellence of the institutes there. In addressing this issue European
governments should consider establishing similar centres of excellence throughout
Europe;

e import of (foreign) professionals to meet demand: four countries in this review have
developed policies to attract) professionals or provide incentives for remigration of
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nationals working abroad. Implementation is not without problems and results are
unclear.

Pulling all the previous results together, we have been able to establish which policy measures
made a difference. Despite the shortage of valuable evaluations, we feel that there are a number
of reports that hint at the positive impact of certain policy initiatives. The existing data seems to
indicate that

e S&T enrolment is positively influenced by measures aimed at
—  creating a second chance to choose S&T or to rectify insufficiencies in S&T skills;
— offering more practice-oriented curriculum and vocational options;
— improving the S&T skills of teachers in SE and HE;
— providing information (access) with regard to career options in S&T, supported by
mentoring and role models;
— specialisation within disciplines;
® Dursuit of an S&T career is positively influenced by measures aimed at
— more efficient match between labour market needs and S&T supply;
—  creation of research fellowships, post-doctorates and R&D in industry;
— improvement of salaries and stipends;
e Simplifying immigration procedures and offering financial incentives are successful in
attracting foreign or ex-pat scientists and professionals to meet current demand.

In summary: the observed countries have quite different levels of performance regarding policy
development and S&T uptake and have been confronted with quite different structural problems,
which leads to differing views on urgency and priority of issues. Roughly speaking, one can
discern three groups of countries:

e those dealing with employment issues and later stages of higher education;

e those having problems in the early stages of higher education compounded by
demographic developments; and

® cexperiencing considerable (relative) drops in S&T enrolment, in particular for male
students, and where the supply of skilled teachers is a policy priority.

What are the major lessons to be learned from this study?

1. The complexity of the issue and the underlying causal dynamics require a
comprehensive approach
Given the important impact of culture and tradition on choice behaviour, it has been
stressed in evaluation reports and feedback from stakeholders that a broad range of policy
measures is required to affect the overall volume of the supply of S&T researchers.
Stakeholders in the various countries have indicated that the focus of policymakers
should not be on individual measures. Countries that are currently being perceived by
other countries as successful have either implemented their comprehensive programmes
more than two decades ago and/or already had relatively high levels of S&T students and
researchers.
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This type of change requires a long-term perspective and long-term commitment of
resources

Changing beliefs and perceptions of individuals is difficult. All the evidence indicates
that when these beliefs are not made explicit, and are made an object of reflection, beliefs
and perceptions are particularly resistant to change. This means that policymakers should
be more aware of these beliefs and perceptions, and take the effort of changing them into
account when devising policy.

To identify effective policies, it is necessary to emphasise the need for evaluations
based on measuring effectiveness

The concept of ‘evidence-based’ policy has only emerged in recent years, and is
accompanied by a growth in the demand for performance measurement and policy
audits. This study has also shown that the effectiveness of individual policy measures is
difficult to measure. The scarcity of data on the effectiveness of policies is a serious
obstacle to policy analysis and policymakers should include provisions and requirements
to facilitate such evaluations in the future.

Gender balance in all S&T disciplines should be a long-term objective, and the
gender ratio may be extremely resistant to change

Women are often perceived to be a largely untapped resource for S&T workers, which
only requires sufficient ‘indoctrination’ to unlock the considerable supply. There is
sufficient evidence that women can and do perform as well as men in S&T, and often do
particularly well in a non-co-educational system. However, many might simply be more
interested in other subjects. The persistence of traditional choice behaviour, possibly due
to gender differences, would perhaps indicate that aiming for equal representation in
each and every one of the S&T disciplines may prove to be unattainable — at least in the
intermediate and perhaps even in the long term.

Alternative routes and flexibility of curriculum can help prevent an early lock-out
of potential S&T students

There seem to be differences of opinion in whether choices for S&T should be fixed early
in education (i.e., in the transition between lower and upper secondary education) or
later on just before or in tertiary education. Introducing transition or preparatory years
between secondary and tertiary education (potentially followed by entrance exams) have
been instrumental in changing or focusing choice behaviour toward S&T subjects. Also,
the possibility of entrance to S&T studies in tertiary education through vocational
education seem to have positively affected the entrance of additional numbers of S&T
students. However, the overall volume of these alternative routes is in general relatively
small. Therefore the overall impact on S&T ratios might be marginal although may still
be worthwhile to help boost these ratios in the desired direction.
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The quality of teachers and of teaching practices should be improved, specifically
in secondary education

Improving the quality of teachers specifically in S&T-related subjects has been a widely
embraced policy that has positively affected the attraction of S&T especially in secondary
education. Without sufficiently qualified teachers, students will lack the necessary
incentive to follow S&T-related studies. Improving quality should not only be
interpreted as improving specific teaching skills. High-quality teaching often requires
teachers, students and organisations to examine their perceptions and beliefs about
teaching and teaching practice. All stakeholders in the teaching-learning process will need
to reflect on their beliefs and learn how to change. Policymakers should take this into
account when designing new educational policies and provide incentives to facilitate this
reflection.

The engagement of industry in showing the attractiveness of S&T is essential

We have seen many different ways in which industry (or otherwise privately initiated

S&T) can be instrumental in developing more attractive career opportunities and

perspectives of work in S&T than is currently offered. These ways can be grouped in

various approaches:

¢ Involve industry in promotion to highlight attractive career opportunities;

® Involve industry in determining what longer-term skills might be required;

¢ Involve industry in offering programmes of work experience to provide hands-on
experience in S&T-related professions.
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CHAPTER ONE

Background and research questions

Science and technology uptake in Europe

In March 2000, the European summit in Lisbon resulted in the formulation and acceptance of an
important long-term strategic goal: Europe is to become the world’s leading competitive and
dynamic knowledge economy. During the following Barcelona summit this strategy was specified
in more detail, calling for a doubling of expenditure in private and public research within eight
years. The grand total of R&D investments in 2010 should comprise 3% of the GDP.? In March
2003, during an intermediate European summit in Brussels this 3% target was reaffirmed and the
member states were urged to take all necessary steps to ensure that it would be met.

Policymakers in Europe as a whole, and the European Union in particular, admit that to create
this competitive and dynamic knowledge economy it is important to increase the innovation
potential of the European economy. Stimulating the supply of innovative products, processes and
services through increased R&D expenditures is only one side of the issue. It is essential to
scrutinize the supply of appropriate workers to the innovation market as well. The EU member
states realise that there is an increasing shortage of scientists in Europe. Furthermore, various
surveys indicate that within Europe, pursuing education and a career in science and technology
(S&T) is considered less attractive and the attraction is decreasing steadily over the years. This
decline in the image of S&T is partly due to insufficient public investments in research staff,
facilities and work.

Consequently, following the summit in Brussels, the European Commissioner for Research,
Philippe Busquin indicated that it is crucial to increase public and private investments in research
as well as increasing the number of scientists working in Europe by 70,000.° To be able to attain
the targets set, the EU will need to secure the necessary numbers of highly educated and skilled
research personnel within its borders. In order to do this, the Commission formulated plans to
increase the attractiveness of S&T as a discipline and as career.* These plans include improving
work conditions, encouraging interaction between universities and the private sector, as well as
funding research positions (e.g., through the Marie Curie Programme).

Obviously, the supply of research professionals depends on the pool of graduates from relevant
educational disciplines. The expected potential shortage of researchers will certainly occur,
notwithstanding the fact that the number of S&T graduates in Europe is on average higher than
in North America, Japan and South East Asia.” However, this is no reason to be overly optimistic.
The number of graduates for mathematics, physics and chemistry has been rapidly declining, in

2 COM(2002) 499 final, Brussels, 11.9.2002. It is indicated that 2/3rd of the 3% (i.e. 2% of GDP) should comprise
private expenditures in R&D and 1/3rd from public investments (i.e. 1% of GDP).

3 COM(2003) 226 final of 30.04.2003

4 COM(2003) 436 final, Brussels, July 2003

5> OECD, Education at a Glance, 2003
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some countries by more than 30% over the past decade.® On the other hand, there is a positive
growth in the number of graduates in ‘new’ S&T disciplines, such as biology, biotechnology and
information science, as well as initiatives within the informal educational system (e.g. ICT-
qualifications through Life Long Learning programmes (LLL)). It is clear that many countries
have been encouraged by the targets set at the European level and are now searching for solutions
to meet them. Increasing the attractiveness of S&T is a major priority.

Importance of S&T for the Netherlands

The Netherlands aims to be at the forefront of Europe on all three policy goals mentioned above.
Dutch public investments in research are currently not an obstacle in meeting the objectives. On
the contrary, the Netherlands is one of the EU-countries with the highest public expenditure and
has almost attained the 1% goal. However, the private research expenditures are less on track and
the Dutch situation with regard to the proportion of R&D personnel (10.9 per 1,000 employees)
and the number of researchers (5.2 per 1,000 employees) is less than aimed for. Even so, the
Dutch situation is near or somewhat better than the EU average for these indicators (10.6 and 5.6
respectively).’

However, the low number of graduates in S&T disciplines in the Netherlands is a major issue of
concern. It seems that this is the Achilles heel of the Dutch innovation system. In comparison
with most European and non-European OECD countries the proportion of graduates in S&T in
relevant age groups as well as in the total student population is very small. The Netherlands is at
the low end, leaving only countries such as Luxembourg, Malta and Cyprus behind. A striking
additional weakness for the Dutch situation is the low participation of women in S&T.

In the past, the Dutch government has initiated a number of programmes aimed at making S&T
education more attractive. These information campaigns were aimed at secondary education
(‘Kies exact’) as well as at higher education itself. Furthermore it has initiated curriculum reform
to include a compulsory S&T-related subject (‘natuur en techniek’ [natural science and
technology]) in the lower secondary cycle. Evaluation of the information campaigns showed that
they were less than effective, while the pressures to decrease the study burden in the secondary
cycles has led to cuts in the curriculum in particular at the expense of new subjects such as ‘natuur
en techniek’.

In order to increase the inflow of students into S&T, the government established the Axis
Platform for Science and Technology in the Netherlands in 1998. Axis is the national platform
for education and employment in the natural sciences and technology, initially created for a
period of four years. It is a cooperation between industry, government and the educational sector
to co-finance unorthodox projects aimed at maximizing the participation of pupils, students and
teachers in S&T subjects. The target includes the educational system as a whole — from primary
to higher technical — as well as industry. The three main goals are:

1. Stimulating more project-oriented initiatives aimed at increasing the attractiveness and
effectiveness of technical and physical science education;

2. Promoting research and evaluation to improve understanding of the decreasing attraction;

3. Communicating activities and results at national and regional levels.

¢ Benchmarking National R&D Policies, Human Resources in RTD, Strata-Etan expert working group, Final report,
21.08.02
7 Main Science and Technology Indicators, Volume 2003/1, OECD, 2003
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Although the current Dutch situation is perceived as far from ideal, other European countries face
similar problems regarding inflow and outflow of S&T graduates, albeit in different magnitudes.
Possible solutions to the lagging uptake of S&T lie in a variety of directions. In many countries in
Europe these directions have been explored and policy measures can be described. In particular,
many countries have focused on improving the quality of S&T education in secondary education
as well as in (preparatory) higher education. Examples are the NOT (Sweden) and LUMA
(Finland), various projects in Scandinavia, the BLK project in Germany and The Task Force for
Physical Sciences in Ireland. These examples are discussed in detail in the remainder of this report.
Therefore, there is great potential for learning from a comparison of the experiences of different
countries. This report presents the results of an international comparison of societal factors and
policy initiatives that influence the attraction of S&T subjects in higher education. The study
focused on various stages of the education and labour lifecycle within which supply and demand
for S&T can be assessed.

Research questions

The major question that underlies this study is
Is it possible to identify effective policy measures that can increase the uptake and pursuit of science
and technology in higher education?
To answer this question we need to first identify the factors that influence the uptake of S&T in
countries similar to the Netherlands. Second, we need to establish whether these factors can be
influenced by policy and, if so, if we can identify effective policy measures.
In order to identify underlying factors, we have looked at three areas of interest:

® the current status and past developments related to S&T in higher education in recent
years, such as demographical characteristics of (student) populations;

® the structure of systems, such as the educational system or the labour market; and

¢ policy measures aimed to stimulate the uptake of S&T .

These three categories do not operate independently, but influence each other either directly or
indirectly. They can be perceived as the three corners of a triangle of complex interactions and
influences, as is represented by the arrows in Figure 1-1. For instance, in the past policymakers
have influenced the structure of education. These policies, together with the demographic trends
— such as falling birth rates or the procession of large cohorts through the population — resulted in
a specific outflow of skilled and unskilled workers and so influenced the structure of the labour
market.

The basis of the analysis is an international comparison in which we focus on differences between
countries. The important issue here, of course, is not establishing whether differences exist, but
finding out whether these differences could explain the position of a country is in with regard to
the uptake of S&T education and the prevalence and prominence of S&T within the economic
structure. In particular, we need to know if there are characteristics that can be identified as
drivers for the level of S&T uptake in society as a whole.

Within these three broad categories we have identified a larger set of more detailed questions
which are aimed at identifying issues that influence the current level of S&T uptake. The list of
questions is clustered by category and given below.
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Figure 1-1
Influence triangle linking the existing status to policy development and changing
structures
status
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policy structure
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Questions regarding the developments in recent years
These questions focus on describing the current situation, putting it in perspective when data is

available and describing the recent developments.

Cultural and economic differences

1. What is the quality of S&T education in secondary education and what are cultural
attitudes towards it?
2. Do the countries differ greatly in economic prosperity, political system or average

income?

Demographical descriptions

3. Are there demographical differences in the general population (with regard to age
distribution, gender, ethnicity)? What are the trends here?

4. Are there demographical differences in the general student population (with regard to age
distribution, gender, ethnicity)? What are the trends here?

5. Are there demographical differences in the student population for science, engineering

and technology in higher education (with regard to age distribution, gender, ethnicity)?
What are the trends here?

Labour market

6. What is the level of employment for higher-education graduates, and how is this for
S&T graduates?

7. What is the career and income development for S&T related occupations? Does it differ
from the expectations for other (non-SET related) careers?

8. Has the demand for skilled professionals changed over the last decade? Is the supply of

indigenous skilled professionals in general and within S&T in particular, sufficient to
meet the current demand?

Questions regarding the structure of systems

Secondary education

1.
2.

Is the uptake of S&T education influenced by the structure of secondary education?
At what age do pupils make a more or less definite choice regarding major subjects
(including S&T subjects)? Are there ways to change or amend this choice later?
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Can the differences in S&T uptake between groups, in particular regarding gender, be
explained?

Higher education

4.

o

10.

How is the inflow in higher education structured and to what extent is inflow from
vocational education possible?

What is the quality of S&T education in HE and what are cultural attitudes towards it?
What is the duration of higher education in general and of S&T in particular?

Is student retention affected by the structure of higher education and of the structure
within S&T?

Is it possible to combine S&T studies with other disciplines (i.e. through majors and
minors)? To what extent does this occur and which combinations are dominant?

What are the possibilities to change within higher education: to shift within S&T or to
shift in or out of S&T?

Have there been changes in the structure of higher education that have resulted in
changes in the inflow and outflow of higher education, and S&T?

Student financing

11.

12.

13.

Are there tuition fees and is there differentiation between educational institutes or
disciplines?

To what extent are students supported by public funding and are there specific support
structures for S&T?

Have there been significant changes in the financial support structure in the last decades
and have these resulted in shifts in inflow and outflow of students with regard to S&T?

Questions regarding policy measures
These questions explore existing policy measures and where possible examine their effect on

S&T.
1.

Are there, or have there been, policy initiatives aimed at influencing the choice for S&T,
targeting specific (demographic) groups?

Are there, or have there been, initiatives to encourage immigration of skilled professionals
to counter labour market demand? For which type of professional?

Have there been initiatives to change or amend the S&T education towards student
preferences and where they successful?

Are there or have there been initiatives to influence the choice in higher education
towards S&T and were they successful?

Are there or have there been initiatives from industry to increase the number of S&T
graduates?

Is there a relationship between the political or socio-cultural climate and education
expenditure or allocation of means within education?

Is there a relationship between shifts in political or socio-cultural climate and the policies
towards or uptake of S&T?

The central issue in this study remains determining if and to what extent developments can be

steered using policy measures and which policy measures seem to be most effective. This issue is

addressed through a literature review in chapter 7 in which we describe probable causal relations

between policies and effects.
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Reading this report

This report summarizes and analyses the results of an international comparison of six European
countries. The approach to the study, the selection of the countries, the data collection procedure
and the methodology are described in chapter 2. In the following three chapters the main results
of the comparison are presented. In chapter 3 we discuss the aspects influencing the inflow into
higher education and S&T in particular. Issues discussed are developments regarding
demography, education and S&T uptake in secondary education. In chapter 4, we present results
regarding the current uptake of S&T in higher education (new entrants) and the developments in
uptake since 1980. We highlight female participation in S&T and discuss aspects of higher
education that influence study choice. Chapter 5 addresses the outflow of S&T graduates in the
six countries and the Netherlands, and details the labour market position of S&T graduates and
professionals. In chapter 6 we discuss the various policy measures that have been implemented
and their effectiveness. In chapter 7 a literature review supports the causal links between aspects
of the various policy measures and their effects and effectiveness. The conclusions and
recommendations are summarized in chapter 8. Appendix A contains a more detailed analysis of
female participation in S&T over the years. Appendix B contains a table summarising the policy
measures reviewed by country, listing a number of salient details of each.



CHAPTER TWO

Approach

This chapter will elaborate on the study approach and the procedures followed within the
separate phases in the study. We discuss methodology, the arguments underlying the choice of
case studies and the three stages of the study: data collection, analysis and synthesis.

Method

The study is based on a thorough and structured analysis of the factors determining study choice
and the resulting output level in S&T in a selection of European countries — the six case studies.
Whenever possible we tried to support the analysis with as much detailed statistical data as could
be gathered for each of the six sample countries. This was used to describe the current status of
S&T uptake in secondary and higher education as well as S&T in the labour market over the last
20 to 25 years. In particular, we looked at changes in

e uptake in education;

® choices and development of new subjects within S&T;

e gender shifts;

¢ labour market and career development.

Complementary to the use of statistical data, we focused on more qualitative data on policy
measures and the effects in the various stages of the educational and labour market setting. We
classified the policy initiatives and compared them in a structured way, simplifying the
comparison between developments, policy initiatives and the effects on the position of S&T in
education and labour market. Firstly we focused on clarifying the relationship between measures
implemented and effect by looking at possible changes

e over time (due to increased insight in the underlying causes); and

®  between countries (due to social and cultural differences).
The aspects of policy we looked at were:

® type of policy instrument (financial, facilitating, regulating)
® type of intervention (impulse or one off , incidental, structural)
® geographic orientation

e focus of intervention.

A complicating factor in this type of study is the contextual factors and factual differences
between countries that may influence the effectiveness of policy measure. The most relevant
differences pertain to the organisation and financing of the education system, student financing
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and the structure and conditions ruling the labour market. Although these contextual factors may
affect the effectiveness of particular policy measures, there is still potential to learn from other
experiences, especially since many countries in Europe and elsewhere are undergoing similar
problems and challenges. Vicarious learning from foreign examples (whether based on good or bad
practices) should focus on:

®  Gathering information on the various approaches taken: identifying policy measures
implemented in the sample countries, and establishing success or failure factors.

e Evaluating the effect of these measures on S&T students and establishing which
structures and actions have led to the current situation.

In performing such analyses we will need to keep certain facts inherent to international
comparisons in mind:

e  Comparisons of good and bad practices are always limited in some way; we are making
use of descriptions that are only approximations of the real situation.

e It is impossible to control the comparison for all the possible influences, or determine
what the effect of each aspect is, simply because there are too many options. While the
study must provide policymakers with valid and reliable information, the analysis and
conclusions should not project a false sense of absoluteness.

® The innovation system and the underlying policy area are in a state of constant change,
which is influenced by many factors. Initiatives need to be designed with a certain
measure of robustness to withstand this constant change.

Selection of countries

The study focuses on gathering information of the situation and policy practices in six countries
with the aim of providing inspiration for changing the current Dutch situation. Where
appropriate, comparisons are made to the current Dutch situation, however a review of the
Dutch policy measures for S&T in higher education is not included. Before performing this study
four types of countries were discerned. Based on a quick survey, these countries differ in respect
to S&T uptake and were characterized as

1. ‘Forging further ahead’ [high level and continuing growth]
2. ’Losing momentum’ [high level but losing momentum]

3. ’Catching up’ [low level, but increasing momentum]

4. 'Falling further behind’ [low level, and low growth]

In selecting the countries to be reviewed, we gathered information on eight indicators. This
information was collected for a selection of the OECD countries and the 25 EU-countries
(including the 10 New Member States). This exercise resulted in the following list of eleven
countries: Finland, Sweden and Spain (forging ahead); Ireland, the United Kingdom (UK) and
France (losing momentum); Italy, Austria and Poland (catching up) and Germany and the
Netherlands (falling further behind).

The selection of the six case-study countries was a two-tiered procedure. In this phase the
Netherlands was dropped from the list of potential case studies. The first four countries were
chosen to each represent one of these categories, namely Finland, Ireland, Italy and Germany.
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Table 2-1
Economic characteristics of the comparison countries, c. 2000

compound average growth of per
per capita Gross Domestic Product capita GDP
(EU=100) (%)

1980 1990 2000 2003 1980-1990 1990-2000 2000-2003

Finland 97 105 102 103 2.7 1.5 1.3
Sweden 109 107 105 107 1.7 1.6 1.5
Ireland 66 76 118 128 3.3 6.4 3.8
Italy 103 106 103 102 2.2 1.4 0.7
UK 93 98 101 103 2.4 2.0 1.7
Germany 110 110 105 103 1.9 1.4 0.2
Netherlands 177 108 174 170 1.6 2.3 -0.2
EU-15 100 100 100 100 1.9 1.8 1.0

Note: Germany in 1980 includes East Germany.
Sources: OECD; Groningen Growth and Development Centre and The Conference Board, Total
Economy Database, February 2004, http://www.ggdc.net

The second set of two countries was based on a quick scan of four additional countries: Sweden,
UK, France and Austria, focusing on the completeness and availability of the necessary data. The
UK and Sweden were subsequently chosen to complement the six case studies.

Description of the six countries reviewed

The six selected countries are all parliamentary democracies, with governments alternating
between various political parties during the last decades. These governments have all developed
policies to support and improve education, with particular attention to higher education and
S&T. In general there is no evidence that the priority given to education shifts greatly in light of
political developments. The similarity across our survey is intentional, because it was considered
necessary to select comparable countries, in order to maximise the possibility of transferring
policy measures. It would not be efficient to include systems that are significantly different from
the current Dutch system, then to realise that implementing the identified policy measures would
require large structural changes in the Dutch political and social system.

The countries in our sample belong to the wealthier half of the EU Member States with per
capita GDP higher than the EU average and, hence, to the world’s highest developed economies
(Table 2-1).

In terms of per capita income, Ireland has rapidly caught up with and surpassed its European
competitors. On the other hand, Italy and Germany are gradually losing ground, even though
their per capita GDP remains above average.

In general, the countries have experienced a similar economic development since 1980, although
the recession of the 1980s affected the Netherlands and Sweden more than the others; as
indicated, Ireland has experienced spectacular growth and it now has the second highest GDP per
capita in the EU.®

8 Luxembourg tops the list.
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Since 2000 the rate of growth has, in varying degrees, slowed down in all countries. Even at a
considerably lower rate of growth, Ireland still outperforms the other EU nations. The
Netherlands, Germany, and — to a lesser extent — Italy have slipped into recession. Unification
makes Germany a special case: the major undertaking of bringing the ‘Neue Linder’ into the
economic prosperity of the West has seriously hampered economic growth in Germany during
the last 15 years. Wages in former East Germany are still lower than in the rest of the country and
unemployment is higher.

This overall economic picture could, of course, be presented in much greater detail; the economic
organisation in industry and services might show various strengths and weaknesses in each of the
countries that could have a connection with the supply and demand of S&T students and
professionals. Given our main focus on (higher) education that discussion goes beyond the scope
of this study.

Data collection

The more recent statistical data as well as much of the qualitative data regarding the current status
of the country, the structure of the educational system, the policy measures implemented and
information on results, were collected by the analysts performing the country analysis. The search
comprised of an Internet search followed up by acquiring and analyzing reference material,
telephone interviews and follow-up contacts. The data on Finland was collected by our Finnish
partners, the other analysts are RAND Europe staff. For the full list of material used, see the
reference section of this report. Data collection took place between November 2004 and June
2004.

Analysis

Many of the research questions formulated in chapter 1 refer to issues raised in the conceptual
framework presented below (Figure 2.1).

Going from left to right, we first identify the influence of demographic trends on the
composition of the outflow of secondary education (SE), only part of which becomes the inflow
in higher education (HE). While the gender ratio is usually close to equal, this can be very
different for certain types of education or disciplines, e.g. primary teaching and nursing is often
female dominated, while engineering is often male dominated. The gender ratio can change due
to policy or autonomous trends, which can have repercussions on the perception and
attractiveness of a subject, career options or even on the future supply to the labour market, e.g.
the gender shift towards females in the GP graduates in the Netherlands.” Then demographic
trends can influence the uptake through culturally determined choice behaviours.

Second, the inflow into HE — and S&T in particular — is influenced by formal and informal (or
cultural) issues that affect study choice. The informal issues are captured in the questions
concerning the social and cultural status of S&T in the country as a whole, perceived capabilities,
based on advice and study counselling in SE, as well as image and expectations about career
development and so on. The formal issues influencing choice in HE often refer to structural
aspects of the educational system — i.e. entrance requirements, available learning routes, etc. — and

? Recently it is proposed that this could be one of the major drivers for the growing (and future) shortage of GPs. The
female GPs are less inclined to work long hours (60 to 80 hours per week) and often form associations where they can
keep more regular hours (40) or even work part time.
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Figure 2-1
Conceptual framework with regard to factors influencing inflow and outflow of science and
technology
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factors that influence the choice for a subject — i.e. information access, cost and support options,
study duration.

The outflow or yield of HE is a result of the quality of the educational environment and the
demands it makes on the students, but can also be influenced by the structure of HE and
financial issues. This means that the questions on the structure, the quality of the teaching and
study financing, should give insight into the dynamics underlying student retention.

Finally, the test determining whether people will continue in S&T is in the extent to which the
labour market is able to function. If the labour market for S&T is less attractive than other
markets and there is sufficient demand in other areas, all efforts to increase the uptake and
outflow of S&T graduates and to increase science literacy will be less than effective in increasing
the proportion of researchers and improving the climate for innovation.

In the analysis we have focused on interpreting these issues in light of international cultural
differences Different factors that could be attributed to different outcomes are highlighted in the
results section (chapters 3 to 6).

Synthesis

The final step in the research project focused on bringing the analyses of the different research
questions together, determining:
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® whether certain drivers that influence the attractiveness of S&T can be influenced by
policy: and
e which policy measures seem to be most effective.

The synthesis (chapter 8) illustrates the different perspectives regarding the most obvious issues to
address, and contains recommendations about these issues that need to be considered when

developing different policy measures.



CHAPTER THREE

A perspective on supply

Following the conceptual Figure 2-1, this chapter provides an overview of the situation of factors
affecting the inflow of prospective S&T students into higher education. These factors are:

the demographic developments in the seven countries;
the nature of S&T education at primary level;
the S&T uptake and curricula in secondary education; and

RN

the female participation in S&T at secondary level.

While the first three issues are clearly and directly related to inflow into higher education as a
whole, the fourth aspect can be interpreted as tapping a potentially powerful but currently
underused source for increasing the uptake of S&T in higher education.

Demographic developments

The demographic development of European countries is largely similar: growth is slowing down
and the population is ageing. The population share of the age group most relevant for higher
education (20-29-year-olds) is roughly similar in all countries, with the exception of Ireland,
which has the youngest population. Yet, even among the most highly developed countries some
differences can be noticed.

Table 3-1
Demographic growth and structure in the comparison countries, 1991-2001 (%)

share of 0-19 year

average growth of olds in total share of 20-29 year olds in
total population, population in 2000 total population in 2000
1991-2001 (%) (%) (%)

Finland 0.3 24.6 12.2

Germany 0.2 21.2 11.6

Ireland 0.9 30.4 16.3

Italy 0.1 19.3 14.3

Sweden 0.3 24.3 12.3

UK 0.4 25.2 13.0

Netherlands 0.6 24.4 13.2

Source: US Census International Database.
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In Ireland and the Netherlands, population growth is faster than in the other five countries
(Table 3-1). The Irish population is relatively young, reflecting the substantial remigration of the
1970s. However, the age group below 15 is declining and the fall in the size of cohorts leaving
secondary education has already produced a shortage on the labour market.'” This shortage is in
part alleviated by the increase in female labour participation, but the reduction in cohort size also
results in fewer S&T graduates in absolute numbers, which is an additional concern.

The future supply of students can be deduced from the population share of the youngest age
groups (0—19-year-olds). This reveals that in the near future Germany and Italy will be faced with
a decline in students relative to the other countries. Despite the aforementioned shortages in the
labour market, Ireland still has by far the largest relative share of potential supply to higher
education.

There are two sides to this issue. A high future supply of students means that the number of
skilled workers will potentially grow faster than in other countries. However, it will also increase
the financial burden of higher education on society. The expectation is that the additional
economic growth brought about by the employment of highly skilled employees (e.g. in R&D)
will generate sufficient growth to offset the resources used in their training.

Primary education

There are most certainly differences across the countries considered in this study. However, there
are also common characteristics. In all countries included, education is mandatory up to
approximately 16 years and comprises a primary education (up to 12 or 13) and lower secondary
education. However, the countries differ considerably in the manner in which S&T is included at
primary and secondary level."!

While S&T at the primary level of education (up to the age of 12) is not a specific focus of this
study, it has been argued that S&T-oriented education in this age category can help stimulate the
later uptake of S&T in secondary and tertiary education. Two hypotheses highlight the potential
importance of S&T in primary education:

e the focus on S&T in primary education is a reflection of (increased) socio-cultural
attention to these issues (and thus is reflected by a larger share of S&T in later stages of
education as well).

e the focus on S&T provides a basis for greater interest in S&T-related issues in later stages
and creates more incentives for the take-up of S&T when specific choices are provided.

We have examined the basic provision of S&T on the primary levels in each of the countries
surveyed. Given the restricted possibilities or desirability to create specific educational
programmes under the age of 12, the variance of experiences across countries is limited. Thus, we
have been able to divide our sample countries into two broad groups.

S&T is not a priority in ltaly and Ireland. Until recently, the Italian and Irish primary
education systems did not have a specific focus on S&T subjects. Despite its not very proactive
stance on S&T, Italy has recently invested heavily in improving computer availability at schools,
in part to introduce more science-related subjects at this level. For many years Ireland had no
national policy on science education, resulting in large numbers of primary and secondary schools

19 heep://www.ilo.org/public/english/employment/strat/download/etp44.pdf
" The various regions within the UK have different educational systems. When referring to the UK, we primarily
discuss the system in England and Wales.
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not offering any explicit science education at all, or only one or two subjects. This meant that for
large numbers of pupils their first experience of science came relatively late. However, Ireland has
developed major curriculum changes for all levels of education, introducing more emphasis on
S&T subjects.

S&T is compulsory in Germany, Sweden, Finland and the UK. These countries are similar to
the Netherlands, with compulsory science subjects at primary and secondary levels. School
children in Germany are exposed to science at an early age, although the intensity remains
relatively low throughout lower secondary school. There are no national standards as far as
content is concerned. Sweden has national standards that require passing grades in mathematics
(as well as in Swedish and English) to have access to upper secondary school. Even so, a review in
the 1990s showed that the understanding of science at primary level was poor, which led to a
political priority on science teaching and teacher training. In the UK all children between 5 and
16 receive a balanced science education, including mathematics, biology, physics, chemistry as
well as aspects of earth science and astronomy (OECD, 1997). Finland is exceptional in its
emphasis on S&T at all educational levels, and pupils perform very well in international
comparisons regarding science literacy.

Whatever the emphasis on or the inclusion of S&T in the curriculum of primary education, the
effects that it has on S&T in higher education are difficult to verify. Although the loss or outflow
of S&T potential might or might not be mentally initiated at this stage, in a structural sense no
specific groups of students tend to be excluded.

There is reason to think that the Finnish situation reflects the first hypothesis formulated in the
beginning of the section: the focus on S&T is a reflection of its status within Finnish society. The
share of S&T students in higher education remains at a high level. To a lesser extent the same
applies to Sweden. However, there does not seem to be clear support for the second hypothesis
based on the practices in the six countries covered. ‘Low attention’ countries, such as Italy and
Ireland, position themselves right in between the other surveyed countries that have presumably
more focus on S&T in primary education.

Secondary education

While primary education might indirectly influence choice behaviour in later stages, secondary
education incorporates the structural apparatus which can directly influence the choice for S&T
in higher education. First of all, many secondary education systems provide one or more
moments of choice for S&T-related subjects ), which may or may not be irrevocable, depending
on the age at which they are made. In this respect, the choices made before 16 years of age (and
thus, in most countries, during mandatory education) should be separated from choice-moments
after this age.

In five of the seven countries and the Netherlands, secondary education is organized in two
cycles, lower (or junior, up to about 15) and upper (or senior for 16 and over). Education in the
junior cycle is compulsory and often gives access to vocational further education. The transfer
from the junior cycle to the senior cycle is often also the moment to choose for more specialized
science courses giving access to S&T in higher education, or to opt out (Table 3-2).

Second, the depth and breadth of the curriculum provided can vary considerably. This can lock
in the choice for S&T to a various extent. For example, an early in depth S&T curriculum might
be a prerequisite for further options in S&T. If the curriculum is broader, the choice for a more
specific S&T education will be made later during secondary education.
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Table 3-2
Overview of moments and direction of choice for S&T in secondary education for the
various countries surveyed

Before 16 16 or later

Finland Balanced science curriculum Short or extensive maths courses
Voluntary natural science courses

Germany Mandatory science inclusion Specialized science profiles

Ireland Leaving certificate science

Italy Liceo scientifico Liceo scientifico

Sweden Diversified national programmes Diversified national programmes

United Kingdom Balanced science curriculum A-levels

Netherlands Balanced science curriculum Basic maths compulsory, voluntary courses

in sciences and advanced maths

The face of S&T

The watershed for making a choice for S&T during secondary education tends to come at 15-16.
As alternative routes to S&T in higher education are not common and often take additional
effort, influencing the choice behaviour by this point would seem essential. We have divided the
circumstances that are most favourable to encourage students to choose S&T at this age into
three groups.

S&T has its own place and a face (Finland, Ireland and Sweden): Finland is the ultimate
example, with many years of policy development (starting in the 1970s) aimed at improving
science education and uptake on all levels. The choice is basically done at the age of 16 when the
student enters the upper secondary school. However, it is also possible to choose S&T later, by
completing extensive mathematics courses separately or by attending extra courses at university.
At upper secondary school (starting at age 16), students select either short or extensive courses on
mathematics and select voluntary courses on natural sciences (physics, chemistry). A precondition
for access to most S&T studies in higher education is that the student has taken extensive courses
in mathematics. Also, the voluntary courses on natural sciences increase the chances of students to
get into university.

In Ireland, Second-level education consists of a three-year junior cycle followed by a two- or
three-year senior cycle. In secondary school about 90% of students do science up to the junior
certificate. Almost all students on the secondary education level follow one or more science-
related courses up to Junior Certificates. Junior certificates give access to vocational education.
Senior cycle courses result in Leaving Certificates, which allow access to higher education. For
S&T, they are perceived as difficult and demanding. Thus, science at higher levels has a
somewhat elitist image, with a pre-selection of high performers who need to meet increasingly
high demands.

After many years of falling enrolment, Sweden has been able to accomplish a turnaround. Lower
(up to 16) and higher (3-year gymnasium) secondary education offers 17 National Programmes
(including the Natural Science, Electrical Engineering and Technology Programme) which allow
the student to go to higher education. Since 1995 more time has been allotted for SciTech
subjects, including technology as a separate subject, in lower and upper secondary school
(Ministry of Education, 2003c). The initiative to improve science teaching through active
collaboration between science centres and teacher training has led to an increase of 15% in
enrolment in secondary science programmes (20% increase for females). The supplementary
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secondary school year (SciTech Basis Year in the upper cycle) seems to have been instrumental in
this turnaround.

S&T is light but mandatory (Germany and the UK): In Germany, certain elements of science
education are taught, usually compulsorily, untl as late as two years before high school
completion. Therefore, maths and science cannot be avoided. However, some decision-making
early on will still guide the student in the direction of science or the arts.

Yet, more specialized science courses are offered in the last two years of secondary school. This is
when most opt-outs occur, but it is possible to decrease the number of S&T-oriented studies even
earlier. S&T-related subjects are very unpopular.

In the UK, pupils are required in nearly all cases to attend school until the age of 16, at which
time they take a number of GCSEs (exams), commonly in around eight subjects. Education is
not compulsory after the age of 16, but around 60 per cent of pupils will study full time for AS-
levels, A-levels and/or more vocational qualifications. This generally occurs in Year 12 and Year
13 or a further education college. Since the introduction of the National Curriculum in England
in 1989, all students study a balanced science curriculum containing math, biology, physics and
chemistry between the ages of 5 and 16. Double sciences at GCSE are a solid grounding from
which students can go on to study any science subject at A-level. In science, the National
Curriculum requires pupils to study a balance of biology, physics, chemistry and aspects of earth
science and astronomy; they cannot choose to specialise in a particular area of science until post-
16. The system in the Netherlands has similarities with the British system, in that it offers a
balanced (national) science curriculum up to the age of 15/16. After age 16, basic mathematics
remains compulsory, while a limited number of subjects are chosen following one of four profiles
(i.e. nature/science, health/science, culture/society or economics/society).

S&T is not emphasized (Italy): Italy does not provide specific choices in its secondary schooling
system. Pupils can choose for liceo scientifico and the liceo classico at the time they enter secondary
school (approximately age 13). The main difference is that the classic liceo provide more Latin
and Ancient Greek, while in the scientific /iceo caleulus, maths and physics have a more dominant
role. Within these alternatives, there are no diversified curricula or programmes. This choice at
the age of 13 does not seem to limit the range of possible further education; obviously, it is an
important indicator of what students are interested in. Surveys at higher levels seem to imply that
choosing the liceo scientific often leads to S&T-related studies and careers in later life.

The quality of S&T

In principle, the quality of S&T offered in secondary education could be a factor of impact on
the supply to higher education. However, it is difficult to determine the quality of education in
most environments. In addition, the normative and empirical relationship between choice and
quality does not seem to be straightforward. In determining the quality of education in science at
secondary levels, we have relied heavily on the outcome of the measurements of international
efforts in this field, most specifically the PISA and TIMSS studies.

There seems to be a relationship between the image of S&T, the quality of science teaching and
the performance level on international comparisons, with Finland, UK and Sweden at the high
end and Italy and Germany at the low. However, there is also one less straightforward result —
Ireland (see Table 3-3).

High quality and high priority (Finland and Sweden): The extensive interest in — and relatively
high regard for — S&T in Finland is reflected in the achievements of the Finnish primary age
groups in international comparisons. Finland consistently scores in the upper quartile of the
OECD countries.
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Table 3-3
Overview of scores in PISA and TIMSS
PISA 2000, scientific literacy TIMSS 1999, grade 8 science
Finland 538 535
Germany 487 -
Ireland 478 -
Italy 478 493
Sweden 500 -
United Kingdom 532 538
Netherlands 529 545

In Sweden mathematics is seen as a basic requirement, with a passing grade necessary to enter
further education. There are many programmes that give access to S&T higher education. In
addition, students lacking sufficient S&T skills now have the option of taking a supplementary
year of mathematics and science (SciTech Basis Year).

Low priority, high quality (the Netherlands, and the UK): Although the image of science in the
secondary level is weak, with biology being the exception, the A-levels in the UK are very
demanding. This tends to make S&T somewhat less attractive, but it results in high rankings in
international comparisons (PISA, 4™ and TIMSS, 9*).

Low priority, lower quality (Ireland, Italy and Germany): In Germany S&T subjects are
unpopular partly as a result of traditional ways of teaching and the low practical nature of the
subjects; Germany performs in the middle range in mathematics and slightly better in natural
sciences.'? Ireland and Italy don’t score too well in international comparisons. Italy is within the
lowest third of OECD countries on all three focuses (literature, mathematics and science), and
geometric skills are particularly weak. The level of teaching was perceived to be low and mainly
aimed solely at the acquisition of knowledge. School reform through the SeT project, begun in
March 2003, should improve teaching skills and interest in S&T. For many years science was
taught on a rather traditional, cerebral and non-practical footing in Ireland, or ‘despite major
reforms ten years ago. The new national curriculum should change this and schools with a more
practice-oriented science curriculum are already experiencing an increased uptake.

The S&T curriculum

In Finland secondary schools have initiated intensive cooperation with universities and
polytechnics with regard to S&T subjects, to improve the success of pupils continuing their
studies. In Ireland the whole curriculum (from primary through to upper secondary) will become
more practice oriented. To change the image of science, the marking system for the upper
secondary science courses has been reformed, courses are becoming more flexible, and students
are offered more support. The new structure for AS and A-levels in the UK is aimed at
broadening the range of subjects that students can choose in the upper cycle.”” In time, this
should hopefully also lead to more science A-levels. In addition, the UK is implementing the
Specialist School Programme that is based on secondary schools emphasizing a selection of
subjects within the curriculum and increasing the level of education as well as attainment in these
subjects. Schools work closely with similar schools in the area and with industry to improve the
match between education and necessary skills. A school may choose a single or a double specialty

12 http://www.mpib-berlin.mpg.de/TIMSSII-Germany
3 An AS-level is about half an A-level. So introducing AS-levels makes it possible to partition (science) courses and
lower the threshold.
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out of ten options, four of which are S&T oriented (engineering, mathematics & computing,
science, and sports & technology). This early specialisation has also led to higher grades and
higher GCSE-grades in the specialisation subjects.

Female participation in S&T

In all countries reviewed, secondary education is compulsory, so the gender distribution will
reflect the distribution in the population. When focusing on subjects however, distinct patterns of
gender dominance appear. In particular the male dominance in technology-related subjects is an
established fact in many countries, even in Finland, which has tried for decades to influence the
gender balance. From a policy point of view, tapping into the female inflow to higher education
and rerouting a subset of women towards S&T is an attractive alternative way to increase the
supply of (potential) S&T students. To achieve this one would need to ensure that a sufficient
number of girls do not drop S&T-related subjects in secondary school.

There is only anecdotal evidence regarding subject choice at secondary school level (details are
provided in Appendix A). This evidence supports the stereotypical categorisation in hard science
or ‘boys’ subjects’ (physics, engineering and construction) characterized by male dominance (less
than 10% females) and the soft sciences or ‘girls’ subjects’ (biology, chemistry and non-S&T)
where the female participation is above 50%. Subjects such as mathematics, ICT and design are
indeed male dominated, but seem less gender stereotyped thanks to a significant proportion of
females participating (25-35%).

While there is a range of policy measures and initiatives specifically addressing the issue of
increasing female participation in S&T (described in chapter 6), there are complex psychological
dynamics that underlie this gender-related choice behaviour. What this means for the
effectiveness of this type of policy is discussed in chapter 7. At this time we can establish that
specific curriculum reforms, and the facilitation of a ‘course correction’ at the end of secondary
education, seem to have a positive effect on S&T choice for girls and young women.

Table 3-4
An assessment of performance regarding supply
S&T
Demographic Explicit S&T in Place S&T Priority/ curriculum
developments PE in SE Quality outcome  orientation
Finland ++ + ++ +/+ industry
Germany - + - -/ -
Ireland ++ - ++ -/- practice
Italy - - Separate schools -/-
Sweden + ++ ++ +/+
UK + ++ + -/ + specialisation
Netherlands ++ + profiles -/ +
Conclusions

In Table 3-4 we have summarized the main results regarding supply into higher education. Again
Finland emerges as a ‘front runner’ closely followed by Sweden, Ireland and the UK. In this
group only Ireland’s low score on priority and quality is somewhat unusual. Based on this
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comparison, S&T in the Netherlands should be in a better shape, as it has many of the same
advantages as the four countries mentioned above. Perhaps the early specialisation through the
profiles in secondary education hampers a free flow of school leavers into S&T-related studies.
Germany and Italy are clearly lagging behind and should begin to take action to prevent dropping
back further.



CHAPTER FOUR

Influencing study choice

This chapter presents an overview of the inflow of students into higher education, expressed in
entrants, stock of student population, and the share of female participation. The overview
combines a benchmark situation around 2001 with a long-term perspective illustrating the
developments with regard to the outflow from higher education in the last 25 years, and
establishes how the countries arrived at their current position. Subsequently, the overview will
focus on factors that influence the choice behaviour of students, and compare these across the
countries surveyed. Among these factors are entry requirements, financial provisions, the image of
S&T, and the quality of education and learning environment.

A benchmark comparison: higher education and S&T uptake around 2001

The first step in the analysis of developments in the higher education S&T was to construct a
detailed comparison for a benchmark year as close as possible to the present (in this case the year
2001).

The main questions concern the statistical explanation of revealed patterns of student choice:

e Can international variations in the share of S&T in higher education be attributed to
differences in the choice for or against S&T, or are they inherent in the importance of
higher education itself? In the first case, the number of higher education students (per
1,000 population from the ages of 20 to 29) would be more or less the same in each
country, but the share of S&T would be different. In the second case, the shares of S&T
could be the same but there would be differences in the relative number of higher
education students.

e If students choose against S&T, which fields of study do they select? And are those fields
underrepresented in countries where S&T is a major study field?

The analysis will look at two main groups of higher education students: new entrants and the
total student population.'* Table 4-1 shows the relative sizes of S&T subjects compared to each
of these two groups and also includes the share of graduates.

! The data cannot be made absolutely comparable. Even when the ISCED is applied and when national data is
rearranged according to a consistent classification, there remain differences. For example, in some countries educational
sciences and teacher training are included in higher education, whereas in other countries they are classified separately.
Some of the observed patterns may therefore be statistical artefacts.

21
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Table 4-1

Total numbers of new entrants, enrolled students, and graduates in higher education in the

six comparison countries and the Netherlands, c. 2001/02

FIN ITA SWE UK IRE GER NETH
2002 2000/01 1999/2000 2001/02 2001/02 2001/02 2001/02
Population aged 20-29 631,697 8,277,503 1,100,404 7,730,077 619,024 9,572,390 2,702,251
New entrants
Agriculture and forestry 2% 2% n.a. n.a. 3% 2% 3%
Health 5% 7% n.a. n.a. 12% 3% 9%
Humanities, art,
theology 18% 15% n.a. n.a. 32% 23% 7%
Law, social, behavioural
sciences 23% 44% n.a. n.a. 20% 33% 41%
i
Educational sciences 10% 8% n.a. n.a. 7% 0% 22%
Natural sciences 20% 11% n.a. n.a. 19% 19% 6%
Engineering &
tecgh'nom; g 21% 12% n.a. n.a. 8% 18% 1.2%
y
Other and unknown 1% 0% n.a. n.a. 0% 1% 0%
Student population
Agriculture and forestry 2% 2% 0% 0% 3% 2% 3%
Health 7% 6% 12% 14% 10% 5% 10%
Humanities, art,
theology 20% 15% 18% 15% 29% 27% 8%
Law, social, behavioural
. 24% 44% 32% 23% 11% 32% 40%
sciences
Educational sciences 8% 6% 9% 4% 12% 0% 21%
Natural sciences 16% 10% 9% 15% 21% 17% 6%
Engineering & 0 o o , o o "
technology 21% 16% 18% 10% 13% 16% 13%
Other and unknown 0% 0% 1% 20% 0% 2% 0%
Graduates
Agriculture and forestry 2% 2% 1% 0% 1% 3% 3%
Health 11% 9% 20% 10% 8% 10% 11%
Humanities, art,
th‘;olog'y' 19% 13% 8% 20% 6% 22% 7%
Law, social, behavioural
sciences 24% 44% 27% 24% 35% 33% 35%
Educational sciences 13% 4% 18% 4% 2% 0% 25%
Natural sciences 15% 10% 5% 18% 17% 14% 5%
Engineering &
technolog 15% 17% 21% 10% 18% 18% 13%
y
Other and unknown 1% 0% 0% 13% 14% 1% 0%
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Figure 4-1
The number of new entrants per 1,000 population in the 20 to 29 age group per field
of study and in total in six countries, c. 2001/2
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New entrants
The differences in the number of new entrants into S&T across countries are mainly the result of

a choice between S&T and other subjects rather than a reflection of differences in the total
number of students in higher education as such (see Figure 4-1)."” In the Netherlands and Italy,
new students clearly favour law, economics, and social sciences; health is also popular in the
Netherlands. The relative size of the group of new entrants in Germany, Italy and Finland is
comparable, but a far greater proportion of Finnish first-year students prefers S&T over non-
S&T subjects.

> In Figure 4-1, the length of the bar indicates the absolute number of new entrants per 1,000 in the relevant age
group. S&T disciplines are placed at the left of the 0, facilitating comparison of the absolute number of S&T entrants.
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Figure 4-2
The number of students in higher education (stock) per 1,000 population in the 20 to 29 age
group per field of study and in total in six countries, c. 2001/2
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The student population

Five out of the seven countries (as shown in Figure 4-2) have a similar stock of higher education
students in S&T. Only in Sweden and Finland is the number of students markedly larger.'® In
Germany, the Netherlands, Ireland, the United Kingdom, and Italy differences in the number of
S&T students reflect the choice of students between S&T and non-S&T subjects rather than a
choice for or against higher education.

The Netherlands has the lowest ratio of S&T students to population in the 20 to 29-year-old age
group. Italy, the UK and, to a lesser extent, Germany have marginally higher ratios. Finland and
Sweden, and less obviously Ireland, clearly outperform the other countries in our sample. Finland
performs well in both natural sciences and engineering and technology studies. The Netherlands
scores particularly badly in the natural sciences: most other countries have twice or even three
times the Dutch proportion. Ireland and Finland are the best performers in the natural sciences.
The Dutch position in engineering and technology may not be superb, but is certainly not that
much of an outlier. Germany and Italy are on the same level, while the UK and Ireland are worse.
Sweden and, as indicated, Finland, have much greater shares (approximately twice as many) of
engineering and technology students per 1,000 population in the 20-29 age group.

A long-term perspective on S&T uptake

A snapshot of the current student population presents the urgency of specific issues relating to
S&T. It obviously does not show whether the current status is the result of positive or negative
developments (either influenced by policy or not) in the past. In this section, we have used time

16 In Figure 4-2 the length of the bar indicates the absolute number of students (x1000), S&T disciplines are placed at
the left of the 0, facilitating comparison of the absolute number of S&T students.
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series of the student population (entrants, enrolment, and graduates) to examine differences in
the levels and trends in S&T in the six comparison countries.

National similarities notwithstanding, the experience of the six countries and the Netherlands is
vastly different. Table 4-2 compares the rates of growth of the student population in each of the
seven countries by field of study and gender in the approximate period between 1990 and 2000.
The main observations are:

® The number of men in technology/engineering has been on the decline for over ten
years.

e In Italy and the Netherlands the male student population in higher education has
declined across the board. The female student population performs marginally better,
especially in technology (Netherlands) and non-S&T subjects (Italy).

e The student population in S&T in Sweden and Finland (for both science and
technology studies), the UK' and Ireland (especially in science studies), is characterized
by rapid growth, both for men and women.

Growth rates refer to the development of the size of each individual subsection of the student
population and then only between two benchmark years. In addition, an analysis of growth rates
ignores the relative size of subgroups (e.g. gender or fields of study).

We also want to gain a better understanding of the share of S&T students relative to students in
other fields, and of the share of female participation relative to men. This understanding is
created by examining the relative (percentage) shares of S&T in the total number of new entrants,
enrolled students and graduates and the relative share of women in S&T and other fields of
study.

17 In the UK, this growth is primarily due to increases in the numbers studying I'T and the biological sciences, with the
overall increase masking downward trends in the numbers studying mathematics, engineering, chemistry, and the
physical sciences. For example, the number of entrants to chemistry degrees dropped by 16% between 1995 and 2000.
(Roberts, 2002)
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Table 4-2

Compound average growth rate of the student population in science, technology and all
other fields of study in the 1990s (%)

Men

Women
science  technology all other science  technology all other

Finland 1990- 1.8 3.3

2000 4.4 5.3

1990~
Germany 2000 0.5 -2.3 0.9 2.1 3.7 3.3
Ireland* 1990-

1997 2.8 -2.4 6.6

1995-
Italy 2000 -1.7 -2.4 -1.4 -0.3 0.4 1.8
Sweden 1990- 5.3 2.7 1.7

2000 9.1
UK 1990~

1999 6.1 -1.0 6.8 8.0 2.5 9.0
Netherlands 1992~

2000 -1.9 -1.9 -2.3 -0.4 1.8 -0.5

* The numbers for Ireland do not differentiate between men and women

New entrants

The choice for S&T by first-year students has fallen since the late 1980s in Germany and Italy
and since the late 1990s in the Netherlands. Only in Finland has there been a steady increase in
the share of S&T. In the Netherlands, however, the share of S&T students in the total number of

new entrants is remarkably low.

Figure 4-3

The share of new entrants studying science and technology in higher education, 1980-
2002 (%)
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Stock

The share of natural sciences, engineering and other S&T fields of study in the student
population was generally higher in the 1980s than it is today. Only in two countries has the share
of S&T increased: Sweden and Finland. In the UK, its share has dropped from over 35% in the
early 1980s to about 32% in 1990 and less than 25% in the late 1990s. In Italy the share of S&T
has been on the decline since the early 1990s. Once again, the Netherlands has the lowest
percentage share of S&T.

The Netherlands clearly shows up as a country where relatively few study S&T. It deserves to be
labelled as a country ‘falling further behind’. Sweden, now classified as ‘forging further ahead’,
actually started slightly below the Netherlands, but seems to have increased its S&T proportion
by almost 5% since 1990. Based on this data the country should be labelled ‘catching up’. In Italy
and Ireland, S&T has remained more or less stable (26-30%). Finland displays a slow but steady
rise and S&T comprises about 36% of the student population in higher education. There is
greater concern over Germany, but its position is not as bad as it is perceived. Until the early
1990s, more than 35% of all students were enrolled in S&T. At present, even with a drop in the
late 1990s — followed by some recovery — it is only slightly below Finland and well above the
others. The UK is a different matter altogether, with a steadily decreasing proportion of S&T,
losing approximately ten percentage points over 15 years.

Figure 4-4
The share of students enrolled in higher education studying science and technology,
1980-2002 (%)
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Female participation in S&T in higher education

Women are gaining on men in higher education. In Germany, female participation is
approaching 40% and in the UK and Ireland women now outnumber men. The shift is almost
always more pronounced in the non-S&T disciplines, such as social sciences, law, and health. Yet
even in S&T women are gaining ground.

Even in Finland, where most initiatives aimed at increasing female participation in S&T are
relatively successful, the increase is larger in non-S&T areas. In Ireland, female students now
outnumber men at the Institutes of Technology, which now account for about 40% of higher
education.” In the UK, the gender shift is more pronounced in S&T, particularly in chemistry
but also in engineering (where the share of women doubled), computer science and bioscience
(Greenfield, 2002). In Sweden, women are well represented throughout higher education. There
is only one discipline — engineering — where the dominant gender (male) comprises more than
60%. In Italy, where the gender shift is not a priority, women have made some gains in
engineering but this is almost masked by the general increase in enrolment. Germany is
characterized by a marked S&T decline (especially in engineering) while the general trend is a rise
in female participation of about 2—4% each year (in social sciences languages, economics, law,
arts and medicine). Figure 4-5 and Figure 4-6 compare the development of the share of women
in S&T and non-S&T subjects since 1980. Virtually every series shows an increase in female
participation. The two figures lead to three observations:

The share of women is considerably lower in S&T than in the other fields of study. This
can be attributed mainly to engineering and technology, where women usually account
for only a few percentage points.

Finland (in S&T) and Sweden (in non-S&T) are two exceptions in that the share of
women remained more or less constant. On the other hand, women already had a
substantial share in the number of students at the start of the period. The emancipated
stance of the Scandinavian countries is evident in the development of the share in non-

Figure 4-5

The share of women in the student population in all other fields of study, 1980-2002
(%)
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Figure 4-6

The share of women in the student population in science and technology, 1980-2002
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S&T students. In S&T itself this stance is less obvious.

The Netherlands and, to a lesser extent, Germany are among the worst performers in
terms of gender. In the 1990s, Dutch women contributed at least 10% less to the total
student population in S&T than in the other countries. In all other subjects only

Germany performed worse than the Netherlands, which is still 5-10% below the other
countries.

Aspects of higher education influencing study choice

Issues influencing study choice can be of a formal or informal nature. In this section we focus on
the formal issues such as

® entry requirements, entry limits, entrance exams, etc.;

e financial arrangements (imposed or not by governmental policies) might impact the

(relative) attraction of studies;
® image of S&Tj;

e quality and learning environment.

More informal influences such as perceptions of good teaching etc. are in part discussed in
chapter 7.

Entry requirements

The usual access to higher education runs through preparatory secondary education (e.g. upper
secondary schools, A-levels at secondary school etc.), but due to pressures on S&T demand, as
well as policy goals to increase the level of education overall, some countries have designed
alternative routes. The requirements for access in the six countries vary only to a limited extent.
Access is either regulated by numerous clauses (primarily through grade averages or performance
in secondary education) or by specific entry exams. These procedures, however, are generally not
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Table 4-3
Overview of moments and direction of choice for S&T in secondary education for the
various countries surveyed

Entry into HE dependent on choice Alternative routes
Finland No, entry exam is ultimate selection Yes, rarely used however
criterion
Germany Average grade in selected subjects Through vocational education

drives admission

Ireland Average grade in Leaving Certificate Not really
subjects drives admission

Italy No, entry exam is ultimate selection Not really
criterion
Sweden Various S&T-related grade testing Various alternatives

determines continuation

United Average grade in A-levels important, Widening of access possibilities but

Kingdom sometimes entry exams focus is still on A-levels.

Netherlands  SE diploma and profile (chosen Through vocational education
subjects)

different across disciplines or programmes. Entry exams are heavily influenced by admission
limits (where they apply); in that sense, given the generally lower levels of entry for S&T studies,
the entry exams for these studies tend not to be as competitive.

Access through secondary school: In Germany, the UK, Ireland and the Netherlands, access to
higher education is based on performance in secondary education. Germany and Ireland have
more or less centralized application mechanisms that control the allocation of students to
individual institutions and priorities on the basis of the pupils’ results in secondary education”.
In the Netherlands, entry also depends on choice of profile. The nature/science and
health/science profiles provide access to S&T disciplines and some 45% of pupils in secondary
education choose these profiles. In the UK, entrance exams are not commonly used except for
Oxford and Cambridge, but the required A-levels need to be achieved in the appropriate
programme. To enter higher education in the UK, a minimum of two A-level subjects is
required. While the number of A-levels being taken overall has increased, the number of A-levels
taken in mathematics and physics are decreasing yearly. As mentioned before, girls are choosing
biology and chemistry more often (Greenfield, 2002).

In Italy, the only access route is through the state high school diploma (Diploma di Esame di
Stato) and the type of secondary school often indicates the type of higher education that will
follow. In addition to the high school diploma, additional testing takes place at higher education
institutions. Some 70% of all pupils enrol in higher education, and as such the inflow in S&T, in
particular the applied areas of S&T, does not seem to be low in Italy.

In Sweden, some 40% of secondary pupils enter HE immediately after secondary school, and
another 30% follow within five years. The entry requirements are the same for all programmes
and courses: a diploma of upper secondary education and a certain minimum of credits required
for specific entry. In Finland, students enter the universities through entrance exams that are, in
S&T, mostly based on upper secondary school courses. Also the success in the matriculation
exam and upper secondary school grades are taken into account. In many studies, parts of the

' For example, this is based on the results of a maximum of six subjects taken as part of the Leaving Certificate.
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students are selected based on these results only. There is natural competition across universities
so that it is hardest to get in to the universities or on to the programmes that are perceived to be
of highest quality (e.g., Helsinki University of Technology among technical universities, Helsinki
University among other universities).

Alternative routes to HE: In Finland, it is always possible to enter university or polytechnic
through the entrance exam or based on the matriculation examination and upper secondary
school grades. There are also alternative routes, but these are used relatively rarely. It is more
common to switch between programmes once entered in higher education. In general, it is also
possible to enter a university by passing certain basic courses in the Open University.

In Ireland, only Leaving Certificates give access to HE, but because of high demand and
competition between universities, these certificates do not always give direct access. Students are
ranked by their results on the six subjects most relevant to the study of choice. Pupils wishing to
continue in S&T, but with only applied certificates, need to fulfil extra training first.

Financial issues

Financial issues influencing enrolment in general, and perhaps S&T in particular, involve matters
such as tuition fees, grant and loan systems, general support and funding. Although tuition fees
do not generally seem to influence enrolment, particularly when student support is sufficient, it
could be that when there is some differentiation across disciplines, they could influence inflow
and outflow (Frinking et al, 2003). There is no evidence of fee differentiation between S&T and
non-S&T. This could result in a disadvantage for S&T students as they tend to take longer to
graduate. Depending on the student financing system, and in particular the loan system, this
could lead to higher study debts for S&T students and perhaps be a disincentive to choose S&T.
Tuition fees: Sweden, Finland, Ireland and Germany do not charge tuition fees for full-time state
tertiary education. The latter three countries only charge a small contribution (approximately €60
a year) towards the use of institute facilities and health care.

In Ireland, private colleges do have the option to charge fees. In Italy, tuition fees differ by
institute and cover about 20% of the real cost. Currently in the UK, where a substantial
proportion of higher education is provided by private institutions, the undergraduate fee is more
or less fixed, and differentiation is sought through differing access requirements, with ‘high
quality’ universities setting higher standards.”” There is no differentiation with regard to
discipline; in the UK fees are differentiated by type of course (part-time or post-graduate) and by
nationality of the student (UK students pay least, non EU-students pay most). The new, recently
approved fee system will mean major changes, but these are not aimed at any specific discipline.
The Netherlands has a fixed fee for full-time EU-students (up to 30 years old) of approximately
€1450. Fees for part-time or non-EU students or students over the age of 30 vary per institute.
Student financing: Finland provides substantial student financing, with specific grants for living
expenses, while rent and meals at the university are subsidized. Students can take out loans for
additional funds or find work. All this can add up to between €644 and €944 per month, with a
maximum €200 per month loan. Technology students can request five months additional
support. Sweden supports students aged from 16 to 55. The ages 16 to 19/20 are supported
through the ‘studiehjilp’ (of about €92 per month) aimed at helping them through secondary
school. From 20 upwards there is the ‘studentmedel’, part grant, part loan. As in Finland, the
grant is subject to placing a cap on a student’s income from work. The loan is independent of any
other income, is reduced after the age of 41 and needs to be paid within 25 years of graduation.
There are several types of additional grants and loans as well (NAHE, 2003; Salerno, 2003;

2 In the new system they will be allowed to charge a substantially higher fee.
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Ministry of Education, 2003b). In addition to the high level of public funding, Irish students can
also request a grant to cover tuition costs and maintenance, while students at private colleges can
apply — on a limited basis — for tax exemptions or relief provisions.

The Netherlands issues a basic grant to all full-time students starting HE before 30. Additional
grants are available depending on the income of the parents. The grant system is supplemented
by a loan system for the nominal study duration plus 36 months.

In the UK, all students will need to pay back tuition fees after graduation, with discounts for
‘poorer’ students and a limit placed on the proportion of earnings used to service the loan.
Government only provides grants and hardship funds under extreme conditions. Research
council studentships have replaced the abolished grant system to a certain degree, but there is
discussion about reintroducing it to promote and protect access for less advantaged students.
German students rely on their parents for financial support. Additional support is available but
differs between regions (‘Linder’). Foundations and companies sometimes sponsor undergraduate
stipends.

Italy does have a grant and loan system, dependent on family income. Only 10% of the students
receive this kind of grant and it is unclear to what extent this is effective in increasing enrolment
from disadvantaged backgrounds. There are other, larger grants and a loan system (not very
common) as well as subsidized student accommodation and meals.

Image of S&T

The image of S&T within a country is often a reflection of different contributing factors. Many
of these factors are discussed in this report, such as the curriculum of S&T, the potential for
educational and career development, and the overall perception of S&T within society.
Measuring an overall image of S&T is rather difficult, although surveys do attempt to capture
broad societal perceptions. Unfavourable societal images of S&T are often related to the
perceived potential harmful effects of the results of science.

Across the countries surveyed, fairly different perceptions seem to be in evidence. In Finland, the
image of S&T is good. S&T is well represented in media and emphasis has been put on
popularisation of research results. Career opportunities are abundantly obvious with substantial
involvement of the engineering and electronics industry in education.

In Ireland and the UK, the image of science is fairly good (DfES, 2003). Enrolment in science-
oriented secondary education and applied S&T courses is high, although it is falling in the UK
among male students (Roberts’ Review, 2002). On the other hand, students believe a career in
S&T is difficult and unprofitable. In these countries the perceptions about career opportunities
are not fully supported by statistical evidence (see also the previous chapter).

The bad image that science has in Germany persists into higher education. Here as well, science
is seen as dull, difficult and future earnings are not expected to be high. All in all, science is often
perceived as just not being ‘worth the effort’. Furthermore, career prospects in applied science are
rather rigid, something which could be improved. The image of science in Sweden is also not
good, which is a constant concern for policymakers and has resulted in a number of initiatives.

In the Netherlands, S&T is seen as ‘too narrow’ (approximately 30%), ‘too difficult’ (22-26%)
and/or ‘too theoretical’ (25-30%). However, these are not the most often mentioned reasons not
to pursue a career in S&T; students do not expect it to be difficult finding a job following an
S&T education, but they do think that there are insufficient arttractive career prospects
(approximately 50%) and that S&T in general is too far removed from society (34-44%).*'

2 Source: Studentenmonitor 2003 in press
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Table 4-4
Ratio of students to teaching staff in public and private institutions in tertiary
education, calculations based on full-time equivalents (2000)

Tertiary-type A and

Tertiary-type B
v=yp advanced research All tertiary education

education
programmes
Finland n.a. 16.1 n.a.
Germany 14.9 11.7 12.1
Ireland 14.8 19.4 17.4
Italy 6.0 24.1 22.8
Sweden n.a. n.a. 9.3
United Kingdom n.a. n.a. 17.6
Netherlands n.a. n.a. 12.6

Source: OECD, Education at a Glance 2003

Teacher student ratios and quality of S&T

The number of students per teacher is a potential quality indicator, assuming that in smaller
classes students receive more attention and are consequently given a better education. Table 4-4
below presents overall student/teacher ratios for tertiary education in the six countries surveyed
plus the Netherlands. More precise distinctions of these ratios between S&T and non-S&T
subjects are, however, not available.

The quality of research in Finland is above average and due to many years of development, and
there are no general concerns regarding the quality of teaching at university or at the
polytechnics. However, the rapid increase in student intake especially in IT-related subjects has
led to a discussion on the high student-to-teacher ratio. Experiences with international exchange
programmes have proved that the quality of Italian S&T graduates, in particular engineering, is
high.

In the UK, all levels of science teaching suffer from a lack of qualified teachers, which is due in
part to the relatively unattractive earnings. Teacher training is therefore a priority and the
national network of science learning centres is being developed to support teachers in acquiring
the necessary expertise and skills.”” In spite of this, the knowledge base and quality of science
teaching are still very strong. The main concern is to uphold this and expand upon it.

In Ireland, the investments in improving curricula and teacher training have not paid off in
higher enrolment or lower drop-out rates. In Germany, teaching methods are still traditional and
perceived as being of poor quality. Teachers are becoming aware that this needs to change. In
Sweden, specific units — National Resource Centres — have been set up in universities to ensure
professional knowledge in the sciences.

Interaction and shifts between S&T and other disciplines
The question here is whether it is possible to switch to or between S&T subjects, or combine
non-S&T courses within an S&T major. It seems that where switching is made very easy, it may

22 These centres are developed with the Wellcome Trust, and give science teachers the opportunity to strengthen their
subject expertise and develop innovative teaching methods. The Further Education Standards Unit has identified
science and mathematics as priorities in developing good practice frameworks for teaching and learning. (Clarke,

2003).
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lead to more shifts out of S&T. That said, there is generally recognition of the need for more
flexibility and to combine courses, in particular combining engineering with economics and or a
foreign language seems to be a general development.

No restrictions: Germany, Finland and Sweden have no restrictions whatsoever on taking non-
related courses. Germany sees this basic freedom as the core of the ‘academic individuality’ and
the backbone of the concept of ‘Bildung’. In Sweden, this basic freedom of choice even stretches
to taking extended breaks from education and changing study programmes etc. (NAHE, 2003;
Solarne, 2002). In Finland, the basic freedom to choose any course once at university could even
explain the, sometimes low, yield of S&T tertiary education. Because the competition is low for
these subjects, students who are really interested in some other (perhaps non-S&T) subject enter
university as a S&T student and then proceed to choose courses in the subject they do wish to
pursue. There is no clear statistical evidence, but it would seem that this freedom does not lead to
observable shifts towards S&T. On the contrary, it seems this freedom is used to circumvent
competition in other subjects.

In the UK, there is no fixed system of major/minor subjects, and choosing elective courses
outside the chosen discipline is almost always possible. There seems to be an upward trend
towards more flexibility.

Interactions or shifts limited: In Italy, students are generally allowed to study only one subject at
a time. However, on an institutional level, there are more or less limited opportunities to switch
between subjects — with recognition of the exams already taken. Within S&T-related disciplines,
this is relatively easy because of the high level of similar courses. It is also becoming more
common to require at least one foreign language too (usually English). In Ireland, there are now
almost no possibilities to switch and there are only very limited options to combine non-S&T
subjects within S&T.
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Conclusions

The benchmark comparison shows that Finland’s frontrunner position with regard to the number
of S&T students is the result of a preference for these subjects, and not a consequence of a much
larger student population. The difference in the number of S&T students reflects the students’
choice between S&T and non-S&T subjects rather than a choice for or against higher education.
While the Netherlands has a relatively large inflow into higher education, students clearly prefer
law, social and behavioural sciences to S&T subjects, and the analysis supports the Dutch
perception of itself as a country seriously lagging behind in S&T inflow and share. Germany, on
the other hand, is not doing as badly as it fears.

Regarding the choice for S&T in secondary education and its consequences on the inflow into
HE, it is important to examine the level of finality of the choice. When the initial choice can be
reversed — either by postponing the final decision through provision of lower level courses over a
longer period, or by providing a ‘catch up’ year — this leeway makes amending an earlier choice
possible and can lead to a shift towards S&T in secondary and higher education.

Access is influenced by entry requirements and the option for alternative routes (circumventing
science insufficiencies), by financial issues (fees and the grants and loan system), by the image of
S&T, and by the quality of the learning environment in higher education. Two indicators for the
latter issue are included here: teacher/student ratio (if low, more attention can be paid to any
individual student), and the freedom to explore various disciplines.

We have found no examples of fee differentiation between S&T and non-S&T, which in itself
could result in a disadvantage for S&T students. S&T studies tend to take longer. In loan systems
this could mean that S&T students build up higher study debts. In an earlier comparison of
student financing systems (Frinking et al. 2003), the reluctance to acquire debt appeared to be
universal, and this could become a possible disincentive to choose S&T.

Ranking the six countries (and the Netherlands) relative to each other shows again that the
Scandinavian countries are the better performers. Germany and Italy perform below average,
while the Netherlands would be on a more or less middle position with Ireland and the UK.

Table 4-5
An assessment of performance in six areas

choice SE Student alternative T/S ratio in Interaction/
amendable financing routes to HE S&T image HE interdiscpl.
Finland ++ ++ ++ ++ - ++
Sweden ++ ++ +4+ + ++ +4
Ireland ++ + + ++ - _—
UK + + + + - +
Germany - + + - + t4
Italy - - - + —— -
Netherlands * + ++ + + +

Note: A plus or minus does not imply an increase or decrease in numbers or a low or high score in
absolute terms. Instead, a plus indicates relative good performance within this sample of countries and a
minus indicates relative bad performance.






CHAPTER FIVE

Outflow: yield and labour market position

This chapter presents an overview of the outflow of students from higher education, expressed in
drop-out rates, student retention and graduation levels. As in the previous chapter, the overview
combines a benchmark situation around 2001 with a long-term perspective illustrating the
developments with regard to the outflow from higher education in the last 25 years, and
establishes how the countries arrived at their current position.

There are a number of factors influencing the outflow: the labour market position of S&T
graduates and perception thereof by potential new entrants, including employability, salary levels,
career development and demand for S&T, career choice, and income.

A perspective on S&T graduates

Figure 5-1 gives an indication of numbers of graduates per field of study in the surveyed
countries. The relative numbers of graduates in the Netherlands, Ireland, the UK, and Sweden
are comparable. There are, however, considerably fewer S&T graduates in the Netherlands.
Germany, Italy and Finland seem to have fewer graduates overall, but Finland has about as many
S&T graduates as the former four countries. Thus, Finland’s lead in S&T seems to have gone at
the expense of law, social science and behavioural studies.

The pattern of development of the share of S&T in the total number of higher education
graduates is consistent with that of entrants and stock. Germany and the Netherlands have
experienced a decline since the early 1990s. Italy and Ireland have long managed to maintain
constant levels, although they each had higher S&T shares in the early 1980s. Only in Finland
has S&T recently recovered about 30% market share.

37
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Figure 5-1

The number of graduates per 1,000 population in the age group of 20- to 29-year-olds

per field of study and in total in seven countries, c. 2001/2
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Table 5-1
Estimated drop-out rate of students in science, technology and all other fields of
study in Germany, Finland and the Netherlands, average of 2000-2001 (%)

men women

science technology all other science technology all other
Germany -3 16 -2 10 9 11
Finland 24 1 15 -1
Netherlands 25 28 29 22 16 13

Note: The drop-out rate has been calculated by dividing the difference between the number
of graduates in the academic years 2000/01 and 2001/02 and the number of entrants in
1994/5 and 1995/6 by the number of entrants in 1994/5 and 1995/6, assuming an average
study duration of six years for S&T and four years for all other subjects. Negative percentages
occur when the number of graduates exceeds the number of entrants, which may be
explained by switching between studies and changes in the study duration.

In addition to graduation levels, we have also examined the students who have not completed
their S&T studies. Explicit data on this drop-out is not easily available. However, the difference
between the ratios for entrants and graduates is a proxy for the drop-out rate which is explained
by the fact that some switch to an alternative subject outside the S&T domain, while others leave
higher education altogether. We have compared the number of graduates in S&T studies in 2000
and 2001 with the number of entrants six years earlier in order to gain a better impression of the
drop-out rate.”

In general, the drop-out rate from S&T is higher than from other fields of study. Only in the
Netherlands is the drop-out rate from non-S&T subjects remarkably high, especially for men.
This indicates that the relatively small numbers of S&T students have an equally high drop-out
rate. This overall picture may indicate that within tertiary education, shifts occur which are not
captured by the statistics (e.g., students changing to tertiary or further education outside higher
education). Finnish data makes it possible to chart the development of the drop-out rate through
time (Figure 5-3).

% We also compared the number of entrants four years earlier to assess sensitivity to study duration in this measure.
Trends emerging from that comparison were very similar.
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Figure 5-3
Estimated drop-out rate of students in S&T and other subjects in

Finland, 1986-2001 (graduates as a percentage of new entrants in
1980-1995)
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Source: Yliopistot Universiteten [Finnish Universities] 2002; Suomen tilastollinen
vuosikirja [Statistical Yearbook of Finland] 1981-2002.
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This shows that while the ratio of graduates to entrants for non-S&T subjects steadily declined to
the point where the assumed drop-out rate was close to zero, the drop-out rate of S&T remains
fairly high at between 20 and 25 percent. In the case of S&T in Finland, students very often
combine working (part time, but also full time) with continuing their studies, which very often
results in prolonged duration and drop-out due to ‘lack of time’. This drop-out reflects badly on
the yield, while, in fact, the student (and the education) is successful in the sense that the student
has entered a profitable career — even before graduation.

Student retention (or yield) in general and for S&T

There are various ways in which the structure of higher education can influence student
retention.

One structural aspect is the freedom to change subjects or to follow an alternative route. When
this freedom is small, students making less than satisfactory progress in an S&T-related subject
find it difficult to change or repeat parts of the study, and so must drop out of the subject
altogether (Germany and Ireland), lowering the yield. On the whole, one would expect freedom
to combine subjects or to change the route within S&T would improve the yield. Indeed in the
UK, where there is relatively good degree of freedom, there is little drop-out. In Sweden too,
students are given the opportunity to take breaks and they have great flexibility to change study
programmes during the course of the study. However, Finland shows that more freedom need
not result in a better yield; on the contrary, it may even fall. Students are free to follow any course
once they enter university. This means that if students cannot get on their first-choice course
subject, they can register for another less competitive one, e.g. mathematics or physics. Once in
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they proceed to follow courses of their preferred subject and slowly drop out of S&T. This is
reflected in the statistics on successful completion.

A second structural issue that can lower the yield is the freedom (and the propensity) to work
during the study period. In Finland and Sweden this results in a low yield (or high drop-out rate).
In Finland this aspect really reflects the ‘success’ of the S&T studies. Students in S&T tend to
start working in their chosen occupation before graduation (part time or full time). Because of
this ‘success’ students lack time to pursue their studies and either take a long time to graduate or
even drop out. This reflects negatively on student retention. In Sweden this occurs more outside
S&T (humanities, social science and the like) and while it is not clear whether these ‘time out’
periods are used for working or other life-cycle activities, it does reflect negatively on student
retention overall.

Finally, the duration of an S&T education can influence retention levels. The hypothesis here is
that a longer period of study increases the chances of drop-out if other circumstances are equal.
Before the introduction of the BaMa system in 2003, the Dutch higher education system was
characterized by a nominal duration of four years for all studies, with S&T disciplines usually
taking a year longer on average. From 2003 onwards, the system has become somewhat similar to
the British system, with a three-year bachelor’s cycle followed by a two-year master’s cycle at
university level, and vocational routes leading to a bachelor’s degree after four years.

In all six countries an MA requires between five and seven years, with an average of six years. In
Finland and Sweden, however, students can take substantially longer. This is not due to the
quality or the difficulty of the courses, but a result of suspending studies for work or other
reasons.

In Ireland, there are three options for vocational as well as higher education. A bachelor’s degree
takes about three years, but some require five and medicine takes six years. The degree is
sometimes followed by post-graduate courses. In the UK, undergraduate courses require three
years for non-S&T and a year longer for S&T subjects. Medicine and veterinary medicine extend
to six years. A master’s degree requires an additional year or sometimes two, resulting in an
expected duration for an MSc of five to six years.

In Germany, there is a difference between universities — with a duration between five and seven
years — and Fachhochschule (for the more applied subjects), which require on average four-and-a-
half years.**

In Finland, the official duration of tertiary education varies by faculty. All students get about 55
months of support, with an option for an additional 5 months for technology students. This
would seem to indicate that the normal maximum would be somewhere between five and six
years. In Sweden there is a somewhat similar situation. The duration of tertiary education is
linked to specific time frames — diploma in two years, a bachelor’s in three, a master’s degree in
four years, and various professional degrees in one to five-and-a-half years depending on the
discipline. However, as students are free to take extensive breaks from their studies, it is difficult
to calculate the average duration of a degree. Estimates indicate that about 60% of students
complete a degree within ten years (Salerno, 2003). The average length for a doctorate is six to
seven years, with students in science, medicine and agriculture finishing in six. Breaks seem to
occur more in social sciences and humanities, where the average completion time is around ten
years.

In Italy, there are no differences in the duration of S&T and non-S&T studies: a basic
undergraduate degree (Corso di Laurea) requires three years; an advanced undergraduate degree
(Corso di Laurea Specialistica) needs two additional years. Students who have successfully

2 hetp://www.rwth-aachen.de/zentral/english_TH_allg guide4.htm
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completed a Corso di Laurea can access a First-Level Master’s degree, but only after a Corso di
Laurea Specialistica can they pursue a Second-Level Master’s degree, although this programme is
not yet in place.

Labour market position of S&T graduates

There is anecdotal evidence that provides insight into the importance on study choice of how the
future labour market position is perceived. An Irish survey (quoted below, p.43) examined the
reasons why new students chose a career in S&T. It appears that the main reasons were:

® astrong interest in the subject and in a career in S&T;
® perceived job availability;

e salary.
The main reasons for students 7ot to study S&T were:

® the comparatively long duration of an S&T study;
e alack of interest;
® perceived job unavailability.

The Forfas report describes how students may choose between different (S&T or other) subject

areas:
“Although certain SET professions are well paid, graduates continually search for best
opportunities. This manifests itself in the migration of SET graduates to non-SET
professions. [...] When comparing the starting salaries for these non-SET professions
with the average SET starting salary, it is evident that the average SET starting salary is
very competitive [...]. If migration to non-SET professions occurs in spite of a
competitive starting salary in the SET area, then it is most likely that other career-
associated factors are influencing the career decision-making process. [...] Migration of
science graduates from SET to non-SET areas can be viewed in a positive light because it
demonstrates that SET skills are adaptive, flexible and relevant. It might also be expected
that the presence of SET skills in non-SET professions would create a more positive
attitude in society towards SET in the longer term. However, this outward migration
pattern runs counter to the increasing demand by industry for science skills and the
reasons for this migration should be investigated.” [Forfs 2003]

Perceived job availability is not the most important driver of study choice, but it is second only to
interest. The question is whether these perceptions are substantiated by the actual job availability
for S&T students. This section provides information where available about the employability of
S&T graduates in the surveyed countries. In this discussion we address employment and demand
for S&T graduates and professionals, and as far as data is available, we discuss career choices, and
development and income.

Employment

In general, the labour market has improved between 1980 and 2000. Germany is an exception,
burdened as it is by the problems of reunification and slow economic growth. Table 5-2 provides
a summary comparison of total unemployment and youth unemployment in the sample
countries.
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Table 5-2
Unemployment in the comparison countries, c. 2000
youth
total unemployment
unemployment rate, under 25
2002 2002
(% of the civilian (% of the youth
labour force) labour force)
Finland 9.1 20.7
Sweden 5.1 12.8
Ireland 3.7 7.7
Italy 9.6 26.3
UK 4.8 11.0
Germany 7.9 9.7
Netherlands 2.7 5.9

Source: OECD, OECD in Figures 2003.

In terms of unemployment, Finland, Italy, and Germany stand out: all have comparatively high
unemployment rates, while Finland and Italy have a remarkably high rate of youth
unemployment. Ireland and the Netherlands are the most successful countries in employment,
which may be considered remarkable given that they also have the highest rate of population
growth.

There is comparatively little information on the employment status of graduates from higher
education. Labour-force statistics generally show the structure of the labour force by the highest
level of education, but they do not show employment by field of study.

Table 5-3
Cohort analysis of the employment status of /aureati by field of study and gender in Italy,
1995-2001 (%)

cohort 1998 in 2001 cohort 1995 in 1998 cohort 1992 in 1995
men women total men women total men women total
S&T
not working but
looking for work 3 7 5 8 18 11 9 13 11
not working or
looking for work 6 10 8 3 6 4 4 5 4
total unemployed 10 18 12 11 23 15 14 18 15
non-S&T
not working but
looking for work 15 16 16 31 32 31 28 27 27
not working or
looking for work 35 20 23 12 7 8 19 10 13
total unemployed 50 36 39 42 39 40 46 37 40

Source: Annuario Statistico Italiano.
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For Italy, there is a cohort analysis of the employment status of former higher education students
three years after graduation. An analysis of the data in Table 5-3 leads to three conclusions:

®  Unemployment is considerably lower among S&T graduates than among the graduates
in other fields of study. The unemployment rate of male S&T graduates has fallen since
1995 unlike that of female graduates.

e The level of unemployment in 2001 is similar to that in 1995, but a larger proportion is
no longer looking for work. This may suggest that there is a structural lack of demand in
the labour market. If it does, then the data suggests that there is no real lack of demand
for S&T graduates.

¢  Women who have studied S&T are more likely to become unemployed than men, but
among non-S&T graduates a larger proportion of men is unemployed (and not looking
for work).

Employment information for Ireland can be used for a similar analysis. The data in Table 5-4
confirms the long-term decline in unemployment in response to the continuing growth of the
Irish economy. However, quite contrary to the Italian data, in Ireland the percentage of graduates
seeking employment is somewhat higher in science and engineering than in most of the other
groups. The percentages are, however, low and the overall Italian situation is much worse than
that of Ireland.

Prospects for S&T professionals are generally good. In Ireland, employment levels have risen by
more than 50%. The shortage of skilled S&T professionals — brought about by declining cohorts
of young people — was met by an exceptional increase in female labour participation. There is a
constant demand for S&T professionals, but many (about half of all graduates) move into
business and the financial industry where wages are better.

In Finland, unemployment among higher education graduates is considerably lower than the
overall level (9.1%) at, on average, 3.5%. The unemployment rate for professionals with a
technological degree is a third of that for professionals with other degrees (1.3% as against 3.9%).
Unemployment for professionals is low in the UK at only 2%, against 4.1% for all people. In
Sweden the number of S&T graduates is not expected to be sufficient to meet demand (NIFU,
1998; Ministry of Education and Science, 2003c). This means that these graduates will have a
strong position in the labour market (NAHE, 2003a).
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Table 5-4
Proportion of graduates with primary degrees seeking employment in Ireland, 1995-2000
(%)

faculty 1995 1996 1997 1998 1999 2000
arts and social science 5.0 4.4 2.3 2.4 2.5 2.3
science 3.8 3.5 2.2 2.6 1.6 2.6
commerce and business 2.3 2.6 1.6 1.5 1.3 2.2
studies

medicine, dentistry and 0.5 - 0.8 0.4 1.0 0.2
paramedical studies

engineering 4.9 3.6 2.1 3.1 1.6 1.8
law 2.5 2.1 1.1 1.1 0.4 0.4
agriculture 0.9 2.1 1.3 2.1 2.6 2.9
architecture 1.9 4.0 1.4 - - 1.9
food science and technology 4.7 7.3 4.3 3.0 - 7.0
all faculties 3.8 3.4 2.0 2.1 1.8 2.1

Source: Higher Education Authority, First destination of award recipients in higher education (2000)
(Advisory Group on Labour market Trends; January 2002) p. 20.

Demand for S&T

In general the demand for skilled professionals, in particular for S&T, has increased over the last
few decades and is expected to rise even further.

The UK, Sweden, and Finland seem to be able to meet current demand. However, in Sweden
and the UK there is real concern about the future. The demand for S&T graduates in the labour
market is so high in the UK that it has become increasingly difficult to retain them for R&D. In
Finland, discussions about possible future shortages have been replaced by concerns about
sufficient job opportunities for S&T graduates. Since the burst of the I'T bubble at the end of the
1990s, Finland seems to be capable of meeting its demands for S&T graduates.

In Germany, there seems to be sufficient supply, particularly from a large pool of experienced
S&T professionals. This pool, however, is not used to balance the market. In Ireland, there are
not enough S&T graduates, a problem that is exacerbated by the fact that about half of these
graduates choose a more profitable career outside S&T.

Career choice and development for S&T

A persistent problem is the mismatch between study and employment. A large proportion of
S&T graduates appears unable to find a matching job. Germany has even developed a special
work permit to recruit professionals from other countries rather than to try and counter the
problem domestically.” The mismatch between demand and supply is less urgent in some
countries than in others. Table 5-5 presents international estimates of the degree to which
graduates find the kind of work for which they have been trained. In general, technology
graduates are more likely to find such work, presumably because their training is more closely
aligned with the practical application of skills. However, science graduates are between 10% and

5 http://www.goethe.de/kug/buw/fut/thm/en55917.htm
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25% more likely to find work outside the domain of their training, and will build more on their
generic capabilities.

In Germany, the educational system, particularly the technological areas, is somewhat rigid and
gives access to specific career options concentrated in specific industries and research. In Finland,
many graduates flow into industrial R&D, with Nokia as a leading representative, and large
numbers pursue a career in teaching or research at universities and polytechnics. Up to 90% of
university graduates end up in specialist occupations. In Sweden, S&T graduates flow into
teaching, S&T-related occupations and engineering.

In the UK, the choice is very open, from work in academic research and private organisations to
careers that lie outside S&T. More than half of physics, engineering, chemistry and computer
science graduates continue in business manufacturing and R&D. About one in four mathematics
graduates pursues a teaching career, making this the second most chosen career; about one in ten

of

Table 5-5
Percentage of graduates that finds a job
outside the domain of their education (%)

science technology
Italy 68 43
Greece 63 37
Sweden 60 24
Austria 56 24
France 53 28
Slovenia 50 23
Spain 48 26
Belgium 44 37
Hungary 44 27
Finland 43 23
Denmark 36 26
Netherlands 50 23

Source: EUROSTAT, “School leavers in Europe
and the labour market effects of job
mismatches”, Statistics in Focus, theme 3
(5/2003).

the other S&T graduates make the same choice. The pull of the financial sector here is much
lower (approximately 5%) than in Ireland, where, as mentioned before, about half of S&T
graduates flow into business or financial industry. In Italy, industry is more production-oriented
and a PhD can be an obstacle rather than a benefit in finding a job. In general, applied S&T
graduates, engineers in particular, flow into industry fairly easily (about 80% get a job within one
year) and from there into management positions. More scientifically oriented graduates can turn
to universities, but the employment opportunities are not very good at the moment. However,
from 2010 onwards this should change dramatically due to ‘mass’ retirement.
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Income development for S&T

There exists very little hard data on income. Statistical data on incomes in Italy seems to confirm
the opinion expressed in interviews that skilled S&T professionals earn somewhat higher salaries,
but the data is anecdotal. In Finland, the average annual salary of technically skilled professionals
appears to be some €12,000 higher (about 33%) than that of professionals with other university
degrees.

In Ireland, the starting salaries for S&T graduates are generally higher in S&T areas of
employment than in the alternative areas such as logistics or financial services. Only in general
scientific functions are salaries lower than in alternative employment opportunities. Information
technology, software development, medical and pharmaceutical work and engineering are
financially attractive (Figure 5-4). Only in consultancy do graduates have a better chance of
getting a higher salary than in the S&T sector itself (Figure 5-5).

The data for the Netherlands shows that salaries in S&T differ by profession and level (university
vs. polytechnic/vocational). In general, jobs in agriculture, environment, food technology and
laboratories are seriously underpaid. At university level, mathematicians and scientists (chemistry,
physics, etc.) are on average also underpaid, while salaries in engineering (civil, electro- etc.) are
on par with other salaries. Polytechnic graduates in information science and chemical technology
are relatively well paid.

Figure 5-4

Starting salaries of S&T graduates in S&T areas of employment in Ireland (€)
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€30,000
.Minimum Salary

. Average Salary

€20,000 :
B Maximum Salary

£10,000

Source: Forfas, A Comparison of Starting Salaries for Science and Engineering Graduates (ICSTI
Statement; June 2003)
RAND MG270 5.4
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Figure 5-5
Average starting salary for alternative professions pursued by S&T graduates
in Ireland, 2001 (€)
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Source: Forfas, A Comparison of Starting Salaries for Science and Engineering
Graduates (ICSTI Statement; June 2003)
RAND MG270 5.5

Conclusions

Yield of higher education

While the relative numbers of S&T graduates in the Netherlands, Ireland, the UK, and Sweden
are similar compared to the overall numbers of graduates, the Netherlands produces considerably
fewer S&T graduates for the labour market than other countries. Finland, the UK and Germany
have a relatively high share of S&T graduates among total graduates, while the UK has a high
share of S&T graduates in the total age group of 20-29-year-olds.

The structure of higher education could, in principle, influence the output to a considerable
degree. However, we have not detected specific factors that seem to affect the numbers in a
specific direction in any of the countries. With respect to the nominal duration of studying S&T,
there are no differences between S&T and non-S&T studies. Propensity to work can be
considered lower in the UK and Ireland where a more class-like education is provided, and higher
in Sweden and Finland where it is not. However, we have not been able to detect a relationship
between higher propensity to work and lower graduation ratios, even though this is considered to
be a factor for lower graduation rates in Finland. Compared to other countries, this observation is
difficult to support. Finally, freedom of changing studies could help explain a higher S&T drop-
out rate in Finland, as students use easier access requirements for S&T studies to enter other
disciplines. However, data cannot support such observations in other countries.

Labour market position

The employment situation of S&T graduates varies across countries. In general terms, it can be
stated that higher education provides much better employment opportunities than non-higher
education. S&T graduates are not necessarily better or worse off than non-S&T students. Most
striking, however, is the considerable migration of S&T graduates to non-SET professions.
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Finland is an exception in which S&T graduates have better opportunities for higher paid work
and remain working in the S&T sector as well. The high number of graduates here would seem
to indicate that the overall demand for S&T in the economy is very high.

The analysis described in chapters 3 to 5 has shown that the last twenty years have by no means
witnessed a general boom in S&T in higher education. The experiences of the six comparison
countries and the Netherlands vary considerably. Some countries have clearly forged ahead, while
others are in danger of falling behind. Using the data on the share of new entrants, enrolled
students, and graduates in higher education in S&T, and on the share of women in the S&T
student population, we have classified the countries into four groups: ‘Forging further ahead’,
‘Losing momentum’, ‘Catching up’, and ‘Falling further behind’.

Finland is obviously the best performing country among the seven: it is either forging ahead or
catching up. Sweden appears to perform almost as well. The Netherlands, on the other hand, is at
the bottom of the group and policymakers seem to have every reason to be concerned. Among the
remaining countries, Italy and Germany have not been able to copy the Scandinavian
performance, while Ireland and the UK may have reached their peak and are now losing
momentum.

In addition, we have compared the relative performance of the seven countries in five domains:
economic growth, demographic growth (including the potential future supply of students),
benchmark estimates of S&T in higher education in 2001/2, the rate of growth of the student
population in S&T since 1990, and the situation on the labour market (total and youth
unemployment).

This comparison confirms the good performance of Finland and Sweden and the slight lag of
Ireland behind the Scandinavian leaders. The UK still performs relatively well. However, with a
few exceptions (such as employment in the Netherlands), Italy, Germany and the Netherlands are
consistently behind the leading countries.






CHAPTER SIX

Policy developments: trends and types of measures

Both the status and the structural aspects of the education systems in the six countries surveyed
differ quite considerably. A main focus of this study is to establish whether governments have
developed specific policy measures in the past decade to change the structures and/or attempt to
influence the status of S&T in higher education. We selected the most prominent measures in
each country.

The relevant policy measures found in the six case study countries were organized in a number of
different ways. In this chapter, we have grouped and presented them by the various factors that
influence the choice for a particular field of study. Subsequently, we look at the types of policy
levers used, such as financial, regulatory or information provision. Finally, we have made an
inventory of the effects and effectiveness of the policy measures selected. An overview of all policy
measures analyzed — chronologically by country — is included in Appendix A.

Policy developments in the last decades

Finland, the UK, and to a lesser extent Ireland, are countries which realized relatively early that
some intervention with regard to S&T was necessary. Sweden followed in the early 1990s, when
it formulated the major goal of HE as “equality of the sexes, place of residence and social and
economic circumstances” (Ministry of Education and Science, 2003a). Italy and Germany are
relative latecomers to policy development for S&T, with all initiatives dating back only a few
years (1999/2000).

On the whole, there is no evidence that large shifts of priority for education have occurred
following political developments. On the contrary, education is usually perceived as a clear
priority by all types of government. In the UK, both the Labour and Conservative parties released
reports and white papers, which built on each other’s positions and showed no shifts in priority
or goals.

However, there is a difference in how new policies are implemented. In some countries,
education is more or less centralized in the sense that there is national legislation or set of
standards that can be ‘imposed’ on educational institutes (e.g. Netherlands, Sweden and, to a
certain extent, the UK). In this context it is easier to control the comprehensiveness of the
implementation, although even then the results may be a long time in coming (Ireland). In
countries where regions or institutions have a relatively large measure of independence (Finland,
Italy and Germany), compliance to policy or reform is more difficult to control.

In Finland, the government encourages regional development, which has resulted in many
educational institutions competing for students. In this environment, it is in the institution’s
interest to implement improvements as soon as possible. In Italy and Germany, where
institutions are relatively free in choosing how to implement regulations, institutes can either stay
rather insular or increase local cooperation (Italy).

The major focus areas in policy development are on
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®  Access and enrolment:

— Improving access to S&T education and increasing S&T uptake and enrolment in HE.
¢ Quality:

— Improving the quality of S&T education

—  Reforming the curriculum to meet better student preferences and expectations

—  Encourage an interdisciplinary approach

e Specific groups:

—  Encouraging women to choose S&T or to retain existing female S&T professionals

—  Encouraging the participation of less privileged, ethnic and other minority groups in HE
¢ Improve student retention of S&T

¢ Labour market:

— Encourage S&T as a career

— Industry involvement

— Immigration and remigration of professionals to meet the demand

Many policy measures do not uniquely focus on individual elements, as listed above. Many
include multiple aspects, either as the principal or the secondary aim of policy. This is the case
particularly for the more comprehensive initiatives such as LUMA or those that deal with
curriculum reform. As a result, a number of initiatives are mentioned under more than one

heading in the following paragraphs.

Improving access and increasing enrolment

Enrolment in S&T

In Finland, improving access and increasing entrance to HE is an important issue. It first targeted
access, initially by facilitating standard requirements (1974), then creating alternatives routes
(1988, see the section on targeting specific groups) followed by reforming the entire technical side
of HE by creating a large number of polytechnics throughout the country (1990), improving
S&T education at all levels (LUMA 1996) and creating more dedicated study places (e.g. IT-
related industry intake, 1998).

In this review, the creation of the common admission requirements for an MSc in Technology
and Architecture (Finland, 1974) is the oldest measure aimed at increasing access to tertiary level.
At first this initiative was implemented at only seven institutes in Finland, and aimed to
standardise admission requirements, making it possible to enrol at more than one institute, and
to facilitate a more efficient entry procedure. This successful initiative has since been copied (by
other institutes and in other subjects), and many other similar initiatives are now active within
Finland.

The Leaving Certificate Vocational Programme (LCVP) in Ireland is a typical example of
increasing enrolment by creating alternative routes into higher education. By tailoring the
curriculum towards more applied and vocational technological routes, access to S&T was
generally improved. Headstart in the UK (1991) is another inidative that helps access (and
presumably also yield) by increasing informed choice among groups already interested in S&T. In
Sweden the creation of the SciTech Basis Year has improved access for many graduates from
secondary education who change their career plans towards S&T (OECD, 1997).

The Bildungskredit in Germany facilitates access for less affluent students, but it can also increase
student retention by preventing drop-out for financial reasons.
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Shift towards S&T

In Sweden, measures are aimed all three levels of education (from ISCED level 1 to 6; OECD,
1997). The measures aimed at primary and secondary education often target teachers and are
meant to promote modern, high-quality S&T teaching (NOT or SciTech, since 1993) under the
premise that this will eventually result in higher uptake later on in the educational system. In
addition the SciTech Basis Year (1992) targets pupils leaving SE who lack sufficient S&T skills.
These students are offered an additional preparatory year before enrolling in the first year of HE,
thus creating a ‘second chance’ to choose S&T. This measure in particular has been evaluated as
highly successful.

Finland has implemented measures from 1974 onwards, many aimed at increasing or improving
S&T enrolment. A large set of policy measures under the