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Abstract in English

Scarcity of science and engineering (S&E) graduatetd potentially call for government
intervention, because of the role of S&E’s in R&Md because R&D in turn is characterised
by positive spillovers. In this report, we investig whether policies that stimulate enrolment in
S&E-studies are effective at increasing R&D-acyiviirst, we analyse the situation on the
Dutch labour market for S&E graduates. We do md fvidence for scarcity of S&E
graduates. Rather, the labour market position vis@ther graduates weakened. A possible
explanation to reconcile this conclusion with a @ljdfelt concern of S&E shortages among
employers is increasing internationalisation of #&E labour market. Concerning policy, we
argue that expanding the stock of S&E graduatastizery effective for boosting R&D

activity. More than half the number of S&E gradsati® not end up working in R&D. De
increasing internationalisation of the S&E labowarket can diminish the attractiveness of S&E

courses.

Key words: R&D, education policy, science and eagiing labour market
JEL code: 038, J31, H52

Abstract in Dutch

Schaarste aan afgestudeerden in béta en techmedekapotentiéle reden zijn voor de overheid
om beleid te ontwikkelen, omdat R&D gekarakteridesordt door positieve externe effecten
en beta’s een belangrijke rol hebben in het doenR&D. In dit rapport onderzoeken we of het
stimuleren van de deelname aan bétastudies eaniefi@estrument is voor het bevorderen van
R&D-activiteiten in Nederland. Allereerst is gekakeaar de situatie op de arbeidsmarkt voor
béta’s. We vinden geen aanwijzingen voor schaaistebéta’s. Hun arbeidsmarktpositie
verslechterde zelfs ten opzichte van andere afdgestden. De toenemende internationalisering
van de arbeidsmarkt voor béta’s kan een verklaziimgvoor de problemen die werkgevers
ondervinden bij de werving van personeel. Wat Ifigrdeid komen we tot de conclusie dat het
vergroten van de hoeveelheid afgestudeerde bérsgieffectief is ter stimulering van R&D.
Meer dan de helft van de afgestudeerde beéta’s karhin R&D-banen terecht. De toenemende
internationalisering van de arbeidsmarkt van bétatsde aantrekkelijkheid van béta-

opleidingen verminderen.
Steekwoorden: Onderzoek en Ontwikkeling, onderelgsth, arbeidsmarkt voor béta’s

Een uitgebreide Nederlandse samenvatting is bdsaaikvia www.cpb.nl.
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Preface

Shortages of scientist and engineers (S&E) have beehe Dutch policy agenda for many
years. International comparisons show that the lgufiS&E graduates in the Netherlands is
low. Scientist and engineers are important in neteand development. As many studies
provide evidence for spillover effects of R&D-adtis, shortages of scientist and engineers
might hamper productivity growth. This study focsism the role of the government in the
labour market for scientist and engineers: Why khthe government intervene in this labour
market and which policies are the most effective?
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Winden (Ministry of Economic Affairs) and BirgitneCate (Ministry of Finance) for
constructive comments and lively discussion inatieisory committee. The comments of the
advisory committee have been valuable for the ptpofit the analysis does not necessarily
represent the views of the committee. CPB is cotalyleesponsible for the analysis and
conclusions in this study. We would also like tartk Joke van de Band (VNO-NCW), Gerard
Jacobs (Philips), Teun Graafland (Shell), Willier®&gsen (Vereniging FME-CWM) and
Fennegien Brouwer-Key (VNCI) for their contributitma discussion at VNO-NCW. In
addition, we would like to thank Joop Hartog, Hés3esterbeek, Marc Pomp, Maarten Cornet
and Rob Euwals for comments on previous versiorieestudy. Finally, we thank participants
at seminars at CPB and the Ministry of Finance@hdr CPB colleagues for their comments.
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2.

3.

Summary

Shortages of scientist and engineers (S&E) have beehe Dutch policy agenda for many
years. International comparisons show that the lgufiS&E graduates in the Netherlands is
low. With approximately 7 S&E graduates per 1,0fiiabitants aged 20-29, the Netherlands
scores much lower than countries like the Unitedgdiom, France and Ireland, which have
more than 20 graduates per 1,000 inhabitants. ®ottier hand, the share of S&E graduates in
higher education in the Netherlands is equal testiae in the US. In addition, expenditures on
private R&D are relatively low in the Netherlands.

Recently, the formulation of the Lisbon targets bamed with employers’ concerns about
the hiring of personnel intensified the policy atien for this problem. In December 2003, the
Dutch government published a set of actions irfbtedta plan beta/technology: Action plan for
the approach of the shortage of science studedtgeghnicians’. While focusing on the whole
‘chain of S&E’, the plan aims at a 15 % increasennolment in S&E fields by 2007 and a
15 % increase in outflow of S&E graduates in 20ddhfpared to the year 2000).

This study started from the widely felt concernattshortages of science and engineering
graduates and focuses on three questions:

Why should the government intervene in the laboarket for science and engineering
graduates?

What do we know about supply and demand in the Dlatigour market for science and
engineering graduates?

Which policies are the most effective?

In this study, we try to answer these questionadigg the theoretical and empirical economic
literature and by analysing micro data on the Diatiour market for science and engineering
graduates.

The need for government intervention

Unbalances between supply and demand can in plénogsolved by market forces. So, why
should the government intervene in the market d@ree and engineering graduates? The main
economic motive for intervention in this labour ketris that science and engineering
graduates are important in R&D activity. Many sasglprovide evidence for spillover effects of
R&D-activities. From a societal perspective, firmi#l under invest in R&D because they can
not fully appropriate the returns on their investitse Hence, government interventions that
increase R&D activities of private firms can raikEmestic wealth. Shortages in the supply of
science and engineering graduates may hamper R&ilita@nd this may damage productivity
growth. Government intervention in the labour méafke science and engineering graduates
may be legitimate to internalise the external efféom R&D-activity. The economic literature
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does not provide evidence for spillover effectS&E graduates in other activities. This does
not mean that these effects are absent, but thdbwet know whether these effects occur.

The current labour market

Demand

The demand for science and engineering graduatefwtems from public and private R&D
expenditures is quite stable. Since the beginnfrige1980s, the Netherlands spends
approximately 1.9 % of GDP annually on R&D. Theefiarge Dutch multinationals are the key
players in private R&D (one third of total R&D emgiment). In the last 25 years, their share of
the total R&D activities in the Netherlands decezhsVioreover, the Dutch share in their
worldwide R&D activities decreased. This is theutesf expansion of activities abroad and not
the result of a relocation of activities. At thereatime, other firms expanded their R&D
activities in the Netherlands.

Supply

Since 1975, the number of graduates from highecathn have more than doubled. The share
of S&E graduates from university decreased from¥@2® 1975 to 20 % in 2002. In higher
vocational education this share decreased from 22 2875 to 20 % in 2002. The lower shares
of S&E graduates mainly originate from a compositidfect due to the increased enrolment of
female students. The developments in the supp8&dE graduates sharply contrast with those
of graduates in economic studies. Their sharesbp&%-points for university graduates and
25 %-points for graduates from higher vocationalcadion.

S&E graduates in R&D

In 2002, one out of three S&E graduates workedne &R&D. This share has decreased by

8 %-points since 1993. R&D is primarily done by pguvorkers; 43 % of S&E graduates
between 25-29 years works in R&D against 27 % eb8%ears. Internationalisation is
important in public and private R&D. The shareafdign workers in public and private R&D
is substantial and seems to be increasing. Onthiez band, the share of Dutch graduates
working abroad is increasing, especially S&T grdadsianterested in research jobs. Compared
to other countries, the Dutch shares on inflow amiflow seem relatively low.

The interaction of demand and supply

To investigate the interaction of demand and supp§&E graduates, we have looked at a
wide range of labour market indicators: vacanai@gmployment rates, wages, labour market
participation and weekly working hours. The mairdfng from this empirical analysis is that
we do not find evidence for a tight labour marketdcience and engineering graduates in the
recent past. Instead, the data suggest that tbadabarket position of S&E graduates has been
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weakening since 1996. This holds both for a consparivith all other graduates and
specifically for a comparison with economic gradsat

Especially the changes in the wage level are remdek The wages of S&E workers have
declined since 1996, compared to all other higleicated workers. At the university level, the
relative wage position of S&E graduates deteriatdg 5 % and at the HBO level by 3 %. In
addition, since 1979 the wages of S&E workers witmiversity degree have declined
compared to the wages of economic graduates. Whil879 the wage levels were about equal,
in 1996 economic graduates earned 9 % higher waggeswage differential further increased
to 12 % in 2002. In the light of the lower relatisepply of S&E graduates this is a surprising
result, which suggests that the demand for econgraiduates has been much larger than the
demand for S&E graduates.

Other explanations for the wage differential ass lplausible. A wage differential between
S&E’s and economic graduates can be related terdiftes in demand and supply conditions,
but also to other unobserved characteristics of §&fuates (like skills in wage negotiations).
However, this explanation cannot explain a chandke relative wage level of S&E graduates
over time- given that S&E graduates are comparable over time.

The fact that these labour market indicators dgpnavide evidence for shortages of S&E
graduates poses a puzzle. How can we explain thlogers experience hiring problems when
all our labour market indicators suggest the ogp8si

The S&E puzzle: why do employers experience hiring problems?

A possible explanation may be found in the intaomatlisation of R&D activities. The market
for S&E graduates becomes more and more interratama large share of R&D activity is
done by multinational firms. This has major imptioas for demand and supply of S&E
graduates in the Netherlands. On the one hand hDiutas have access to an international
supply of S&E workers and this puts downward pressm wages because the wage level is
increasingly determined in an international marieti.the other hand, firms may relocate R&D
activities to countries with the largest compamtivantage in doing R&D. The analysis of
demand and supply provides evidence that thisriatemalisation process is going on. In
recent years, we have observed an increase ofjfoBS.E graduates in Dutch universities and
private R&D. At the same time, the share of Dut8tEraduates working in R&D has
decreased by 8 %-points since 1993. Moreover,htagesof Dutch graduates from higher
education working abroad is increasing. This iria with a growing internationalisation of the
market for S&E graduates. As a result, wages facD&S&E graduates will remain at the
international level for S&E graduates. If this leigebelow the market clearing level in
competing parts of the Dutch labour market, firni mave problems with hiring Dutch S&E
graduates. In that case, they will have to sulistifiomestic S&E workers with foreign S&E
workers, even if this implicates higher costs amderuncertainty about the stability of the

working relation.
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The other side of this story is that firms willwehte their activities if the dependence on
foreign workers becomes too large. The observdtiahDutch multinationals do not expand
R&D in the Netherlands but abroad seems in linda wits. But this can also be related with the
higher economic growth in other parts of the wohtdan international market firms move their
activities to countries with comparative advantages

It seems clear that internationalisation is impatria the market for R&D. In addition, the
labour market for S&E graduates seems more intemetthan the labour markets for other
higher educated workers. Nevertheless, it is resrdf internationalisation is the major
explanation of the S&E puzzle. For instance, ca@rirationalisation really explain that since
1996 wages of S&E workers compared to all othedggges have fallen by 5 % at the
university level and by 3 % at the HBO level. Henege conclude that internationalisation may
be part of the solution of the S&E puzzle, but we r@ot sure if this is the whole story.

The level of aggregation of the data

Another factor that may explain the divergence leetwthe experiences of employers and the
empirical findings is the level of aggregation of @ata. In most of the analysis, we focus on
the whole sample of higher educated S&T gradudtea.more disaggregated level, the picture
might be different. In some disciplines it mightdi&icult for employers to hire graduates. In
other disciplines it might be difficult for gradestto find a job. Some empirical findings are in
line with this explanation. The analysis of wag#edéentials shows that at the higher vocational
level there is a large difference in the rewardsadénce graduates and transport graduates. In
addition, since 1991 the enrolment shares of sédeseiplines have changed substantially. If
this explanation is important the main issue wdgdo improve on the match between the
supply and demand of S&E graduates. This diffesmfthe current policy targets aimed at
increasing the number of S&E graduates by 15 %.

Future shortages?
Labour market forecasts indicate that the expedtadand exceeds the expected supply for
almost all types of higher education, including S&tldies. This is driven by the ageing of the
labour force. What will be the impact on R&D actyd First, R&D is typically done by young
employees. Occupations with a relatively young wiorke will be less affected by the
replacement demand induced by workers that aménggtiAs such, the replacement demand for
R&D workers may be smaller than in other occupation

Second, the impact on R&D activity will also dependthe changes in competing parts of
the labour market. Relative scarcity of S&E workierthe future is more informative because
this determines relative wages and thereby inflasmmnrolment decisions and choices of job
type. The predicted vacancy rate in S&E studidsvigr than in some other disciplines at both
higher vocational and university education. As assmuence, we may expect that market
forces are stronger in attracting students andugtiad to non-S&E types of education.
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In addition, the internationalisation of the laboumrket for S&E graduates will prevent the
wages of S&E graduates to adjust to changes in stierecarcity, which may reinforce the
decrease of the relative demand for S&E gradudtas.could undermine the wage prospects

of S&E graduates even more.

Which policy is the most effective for increasing R &D-activity?

Spillover effects to other economic activities tegate government intervention to increase
R&D activity in the Netherlands. But which policiese the most effective for increasing
domestic R&D-activity? The government can try torgase R&D activities with supply side
policies and with demand side policies. Supply sidkcies focus on increasing enrolment and
graduation in S&E studies. Typical instrumentsfarancial incentives (lower tuition fees) or
projects aimed to increase interest in technoldigg (Making R&D or research jobs more
attractive) or to promote the graduation rate irES®udies. Demand side policies focus on the
demand for R&D by private firms. Typical instrumemtre R&D subsidies, like the WBSO.

The choice between supply side and demand sideigolilepends on the degree of government

failure.

Government failure

Not all government instruments are successfulatisimg the targets that are aimed for. This
so-called government failure is important for bstibsidising the demand and supply side.
However, the effectiveness of demand side polieess to be much larger than the
effectiveness of supply side policies. The mairsoeas that demand side policies are directly
targeted at increasing R&D activity whereas sugpde policies generally are not. Several
steps have to be taken before supply side polillkesschool projects aimed at changing
educational decisions, translate into an incred&&M®. This is illustrated in Figure 1.1 which
shows the supply chain from university or HBO to R§bbs.
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Figure 1.1
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Approximately 40 % of all S&E graduates end up jolain R&D. Hence, subsidies on

enrolment in S&E studies are not well targeted almolut 60 % leaks away in the supply chain.
This leakage of resources will be smaller if S&Bdpates, who do not enter R&D jobs, also
enter jobs with spillover effects. However, theezrtll effects of S&E graduates in other jobs
are unknown. Demand side polices, in contract,dafitectly on an increase in R&D-activity.
In addition, the time between the subsidy and ticegiase in R&D is much smaller for demand
side policies. For supply side policies to be dffecit takes at least several years because
graduating from S&E studies takes time. Demand galigies can not only increase R&D
activity but can also increase the attractivené & studies.

International dimension

The internationalisation of R&D production will ie#o an efficient relocation of S&E workers
and R&D firms. What does this mean for the effemtiess of demand and supply policies
which aim at increasing domestic R&D? In generakrinational forces can change the
elasticities of demand and supply for R&D which mges the effectiveness of policies. For
instance, opening up international labour marketdi&D workers will make it easier for firms
to actually find such workers if demand increa3éduss increases the effectiveness of a subsidy
on the demand for R&D. Another consequence ofrtermationalisation of the supply of R&D
workers may be that domestic supply side policeEsoime less effective. Suppose that the
government wants to make S&E education more aiteactlative to other studies. As a result
of the internationalisation, domestic S&E workeasd to compete with a growing influx of
cheaper foreign S&E workers. The growing compeatitié foreign workers makes it less
attractive to enrol in S&E studies which undermitteseffectiveness of supply side policies.
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And even if students enrol in S&E studies they maiitake R&D jobs if other jobs are more
attractive, in term of wages or other aspectsitérnationalisation of R&D production causes
the market clearing wages for R&D workers to faldw that of other professions, the only
effective way to stimulate S&E graduates to chd®&® jobs is to subsidies thogabs

Policy options

The ‘Delta plan béta-techniek’ is a mixture of mvientions aimed at various targets. The main
motive for government intervention in the labourrked for S&E graduates can be found in the
spillover effects of R&D production. Hence, the mgarget of these government interventions
should be to increase R&D-activity in the Nethedsn

Define policy in terms of R&D objectives.

The case for demand side policies is stronger tiraicase for supply side policies. Demand
side policies are directly targeted at R&D productiwvhereas supply side policies are not. Even
if supply side policies succeed in increasing ensoit in S&E studies, graduates might choose
not to work in R&D if other jobs are more attraetiHence, a large share of the supply side
subsidies will leak away in the supply chain. Thieiinationalisation of the labour market for
R&D workers further reduces the effectiveness achspolicies.

Be cautious with supply side policies, becauseetihgight be a lot of government failure.

The government failure with supply side policiedl Wwe smaller if there are also external

effects of S&E graduates in other activities th&DRHowever, there is no empirical evidence
on this and there is also no empirical evidencexdarnal effects of graduates from other
disciplines. The empirical literature on labour glypsuggests that the elasticity of the decisions
on the type of job and the number of hours worlseigher than the elasticity of enrolment in
education. Policies that focus on more elastic margill suffer less from government failure.
Hence, the government failure will be smaller fuerventions further down the supply chain
such as ‘attractive jobs’ and ‘attractive location’

The effectiveness of the current policy programit&aan beta-techniek’ can be enhanced by
increasing the emphasis on interventions furthevrdtine supply chain like ‘attractive jobs’
and ‘attractive location’. Instruments that focustbe most elastic margins of the decision on
the supply of labour working more hours in S&E jobs and on choosingveein working in
R&D and in other jobs (e.g. through special taxddeefor S&E workers)- are the most
effective.
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The current knowledge on the impact of supply &itlerventions is very limited. There is no
convincing evidence on the impact of various prigi@chich aim at increasing enrolment and
graduation in S&E studies. Moreover, private firactively support these projects. A sensible
way to approach in this context, could be to getegraowledge on the impact of these projects.
This can be done by choosing experimental designthé various public - private initiatives
and evaluating their impact. If the government wisto stimulate supply with various projects
aimed at increasing enrolment and graduation in S&iies:

Formulate policy measures in such a way that tleybe evaluated and that credible evidence
can be generated on the impact of various projects.

For instance, to find out to what extent partidipain S&E courses can be boosted with
additional grants, a controlled experiment can dxeed In this experiment a randomly selected
group of final-year secondary school pupils is @fteadditional student grants, whereas a
control group is not. The effect of the additiosaldent grants can then be measured by
comparing the participation in technical coursethimexperimental group with the participation
in the control group.
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Introduction

The problem of a shortage of scientists has begheagenda for decades. Godin (2002)
describes how the particular demands on the lalauket from the war efforts in World
War 1l lead to systematic discussion about and oreasent of highly qualified personnel.

Since then, potential shortages particularly ofstists and engineers have often been forecast.
This is no different in the Netherlands. The lastd 20 years concerns have been voiced
over possible shortages of students in sciencestshjindeed, students seem to loose interest in
science and engineering (S&E) fields. While in 1850s about 30 % of the first-year university

students enrolled in an S&E related-field, thisrstdeclined to approximately 25 % in the
1970s and around 20 % today. Confronted with thisrdvard trend, companies and politicians
have regularly voiced concern about a potentiattalye of S&E graduates. In reaction to this,
in December 2003 the Dutch government publishest afsactions in the ‘Delta plan
beta/technology; Action plan for the approach efshortage of science students and
technicians® The plan is aiming at increased enrolment of S&Eents.

This government intervention raises several questibirst, why is the government intervening
in the labour market for science and engineeriglgates? In principle, market forces will
solve unbalances between supply and demand: shkertdgupply will induce higher wages
and this will attract new students. The answeht® question can be found in the special role
that science and engineering graduates play ikrtbe/lledge economy. These graduates are
potential employees in research and developmenD)R#&ofessions. In turn, R&D plays a key
role in the ‘production’ of innovations which is;@rding to modern economic growth theory,
an important determinant of economic growth. Thistdbution to economic growth is
explained by spillovers: positive external effettat enhance the productivity of the economic
process at large. In economic theory it is wellwndhat external effects can be a justification
for government intervention. Hence, the aim ofrivéming in the labour market for science and
engineering graduates is to increase R&D activitthe Netherlands. This brings the second
and third question. Does the current situationhenRutch labour market for science and
engineering graduates hamper R&D-activity? Is iasieg the supply of science and
engineering graduates an effective method of irsingaR&D-activity? This study focuses on
these questions.

The analysis consists of three steps. First, webnigfly look at some economic theory, to
make explicit the possible need for governmentgtetion, and to form some hypotheses
about what we would expect to find in the empir@aalysis. Second, we will look at the data
on the current labour market situation. What ddoew about supply and demand for science
and engineering graduates and how does this tel&®&D-activity? Although most of the data

' See OCW (2003). The plan will be further discussed in chapter 2.
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bear on the recent past, we will also look at treglable labour market forecasts. Third, we will
look at the effectiveness of policies aiming tore@ase the R&D-activity. How effective are
supply side policies in increasing R&D-activity?

18



2

The problem

The concerns over the shortage for science ancheegs are based on a comparison of shares of S&E’s

with other countries, general trends towards a mkamewledge intensive society, signals from companie

and universities who resort to hiring foreignerdahe R&D ambition as part of the Lisbon agenda.

Supply in the Netherlands is indeed low compareathier countries, although not declining rapidly.

2.1 Current numbers
In this study, S&E graduates are defined as atlestts from university and Higher Vocational
Education (HBO), who received a diploma in onehef following fields: life sciences, physical
sciences, mathematics and statistics, computingeagiheering. In the data analysis in chapter
6, agriculture is also counted as an S&E field.
S&E workers are a sub sample of the group of kndgdeworkers. Table 2.1 below gives a
rough idea of the numbers involved. The conceptd us the table are discussed further down.
Table 2.1 Make-up of the Dutch labour force, 2001 ( x 1,000 persons)
Whole population  With higher education
Labour force® 7,921 1,894
of whom knowledge workers (HRST)b 3,268 1,894
of whom in HRST professions 2,964 1,590
of whom managers 241 241
of whom specialists 1,345 1,039
of whom technicians and assistants 1,378 310

a ) . .
International definition, all persons working more than 1 hour per week.

b . .
HRST: Human Resources in Science and Technology.

Source: CBS, Kennis en Economie 2003, table 2.5.1. Note: these numbers roughly correspond to NOWT (2003) data.

Knowledge workers are, according to the ‘Delta gdata/technology’, “everybody with a
degree in higher education and all others, mokthg¢ with intermediate vocational education,
who play a catalytic role in innovative processgCW, 2003, p. 9). This definition comprises
nearly half the Dutch work force. It includes stists, but also most economists and people
working in fields like law or journalism. OCW (20p8tresses the fact that these people ‘are all

necessary to come to innovation and higher prodcgrowth’.?

2 The above definition is related to the definition of Human Resources in Science and Technology (HRST) as described in
the so called Canberra manual of the OECD. It combines two different dimensions: education and profession. OECD (1995,
p. 16) states that “HRST are people who fulfil one or other of the following conditions: (1) successfully completed education
at the third level in a Science & Technology field of study; (2) not formally qualified as above, but employed in a Science &
Technology occupation where the above qualifications are normally required.”
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In this study, we are particularly interested su# sample of knowledge workers, and we use a
narrow definition of what is comprised in Sciencel & echnology (S&T). The OECD opts for

a broad definition, in which science means knowéedgknowing, and technology means the
application of knowledge. Here, using a narrowrm#éin, we focus on those who received
higher education in the fields of science and emgimg (S&E). This means we identify them

by their education, rather then by occupation.dwaihg the definition of the European
CommissioR, the fields of education in S&E are:

Life sciences (biology and other bio-sciences);

Physical sciences (physics, chemistry);

Mathematics and statistics;

Computing;

Engineering (including engineering trades, manufécy and processing, architecture and
building).

Broader definitions often include health (e.g. nogw#, nursing) and agriculture (including
forestry and veterinary sciences) within the S&Hds. We focus on the core fields of exact
sciences and engineering, since health and agnieudtre usually not part of the fields that are
considered to be problematic. However, in the daglysis we do include agriculture in our
S&E definition, due to restrictions in the EBB dadse (see appendix).

The definition by education also applies to attdieducational level. We focus on higher
education, which in the Netherlands comprises urityeand Higher Vocational Education
(HBO)?

To get a feel for the number of graduates fromrsmeand engineering fields, see Table 2.2. In
section 5.3 we take a closer look at the developmithe number of graduates over the last 25
years. In the table below we also included the grafueconomists, because apart from using

% Table A.3in EC (2003) is particularly useful in defining S&E, also in relation to the ISCED nomenclature.

“ In the definitions above of HRST and S&E workers we speak of different educational levels. The classification usually
applied to (internationally) compare education levels is the International Standard Classification of Education, the so called
ISCED 1997 nomenclature (UNESCO, 1997). ISCED is also used by the OECD and the European Commission, and ranges
from pre-primary education (level 0) to advanced degrees (level 6). In this classification higher education is defined as
programmes falling into ISCED5 and ISCEDS6, where ISCED5 stands for the first stage of tertiary education and ISCED6 for
the second stage, being advanced research programs (PhDs). Within ISCED5 we can distinguish between level ISCED5A,
being long-term degrees (minimum 3 years), and ISCED5B which includes only short-term degrees (less than 3 years). (In
addition to education levels, ISCED also contains a classification of education groups or fields of education. This way, it is
clearly defined which educational programmes can be referred to as science or engineering programmes.)

Higher education in the Netherlands is made up of so called HBO, which we will refer to as higher vocational education
(HBO; HBO-schools refer to themselves internationally as Universities of Professional Education), and universities, also
referred to as WO. In general, HBO schools offer mostly vocational degrees, and universities offer mostly degrees with a
more academic emphasis. The Netherlands have very few degrees of type ISCED5B. Most short-term students are
generally of MBO (intermediate vocational education) level (ISCED3), whilst for many other countries they are counted in
ISCEDS. In the Netherlands, the level ISCED5A corresponds therefore to university (WO) and higher vocational education
(HBO).
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the total population as a reference group, we falsas on the comparison with economists. We
will elaborate more on this in later chapters.

Table 2.2 Outflow of graduated students in higher e ducation in the Netherlands, x 1,000 persons

1997/'98 1998/'99 1999/2000 2000/'01 2001/'02
University 22.7 20.8 20.8 20.8 21.7
of whom science and engineering 4.9 4.4 4.0 4.1 4.3
of whom economics 3.6 3.7 34 3.6 3.8
Share of S&E 21% 21% 19% 19% 20%
Higher vocational education (HBO) 42.7 43.4 44.8 44.6 46.2
of whom technical fields 9.8 9.6 9.7 9.5 9.4
of whom economics 11.9 12.8 13.3 13.4 145
Share of S&E 23% 22% 22% 21% 20%

Source: CBS Statline

What is considered R&D?

In later chapters, we will partly shift our focusd particular activity which S&E workers can
perform: research and development (R&D). R&D idrkd in the Frascati manual (OECD,
2002a, p. 30), as “creative work undertaken onstesyatic basis in order to increase the stock
of knowledge (...) and the use of this stock of knalgketo devise new applications.” Of the
people who conduct R&D, two groups are regularltidguished: research scientists and
engineers (RSEs) and technical and associatedsgiofeals. RSEs are “engaged in the
conception or creation of new knowledge, prodymtscesses, methods and systems and also in
the management of the projects concerned.” (OEQD24, p. 93).

Table 2.3 R&D workers in the Netherlands, 2001 (x 1,000 full time equivalents)
R&D workers in companies 48
of whom researchers 22
of whom technicians and assistants 18
of whom others 8
Research staff at universities and related institutions 27
of whom researchers 16
of whom in science and engineering (incl. agriculture and health) 11
of whom technicians and assistants 0
of whom others 1
R&D workers in government financed research institutes (not being universities) 14

of whom researchers
of whom in science and engineering
of whom technicians and assistants

w b~ O N

of whom others

Source: CBS, Kennis en Economie 2003, tables A.3.1.2, A.3.2.2. and A.4.1.5; CBS Statline.
Note: these numbers roughly correspond to NOWT (2003) and OCW (2003) data.
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2.2

R&D workers are identified by their occupation et then their education. The Dutch
equivalent of the International Standard Clasdiiicaof Occupation (ISCO) is the SBC92
(Standaard Beroepenclassificati®92), which is being used by CBS (Statistics Kd#énds).
The SBC distinguishes between different levelsamupations: low (first digit: 1-5), high (6-7)
and scientific (8-9). The second digit indicate $leetor of occupation. We classify within the
category ‘core R&D occupations’ the sectors: 2rgitd8CP 4-8 (agriculture, mathematics and
physics, engineering, transport) and within thegaty ‘broad R&D occupations’ the sectors
2nd-digt SCP 0 (other occupations) and SCP 8 (masag

In 2001, R&D-personnel constituted about 3 % of $8 labour force. About half of these
R&D-workers are RSEs.

The problem from the perspective of the policym akers

In policy, special attention is being devoted t@sce and engineering in higher education, and
to the S&E job market. These efforts stem frompleception that a shortage in the S&E work
force is already a fact or an eminent possibiitysummary of the analysis behind these
concerns, from both business and government, engivthe report ‘No knowledge workers,

no knowledge economy’Zonder Kenniswerkers, geen kennisecongmidich is published
together with the ‘Delta plan beta/technology’. Teport analyses the market for knowledge
workers and S&E graduates in particular. After gsialg these, the report signals an increasing
discrepancy between demand and supply of S&E gtadud/e will here shortly discuss these

factors.

Supply of S&E graduates

The report signals a concern about the low supp8&E graduates. This is particularly based
on a comparison of the Netherlands with other itrialcountries. Data from the European
Commission show that the Netherlands falls far hetlermany, France and UK in terms of
the percentage of S&E graduate students out abthépopulation. With about 10 S&E
graduates per 1,000 of male population aged 2(-28r(males and females together in that age
bracket), the Netherlands falls in the lowest grtagether with Italy. Finland and Ireland are in
the leading group with both more than 20 S&E graefmper 1,000 inhabitants in the age
bracket 20-29. Further, while other countries slaovincreasing trend like UK, France or Italy,
the number of S&E graduates in the Netherlands the21993-2002 period remains fairly
stable at a low level. The low numbers are notva peenomenon. For the United States, data
are only available for the earlier years.
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Table 2.4 Number of male S&E higher education gradu  ates per 1,000 males in the age of 20-29 (ISCED5
and ISCEDEG: short-term, long-term and advanced rese  arch programs)

Ireland Finland France UK Germany Netherlands Italy us
1993 26.6 20.8 19.8 18.3 13.2 8.9 3.6 15.4
1994 28.7 20.8 - 19.3 14.2 9.0 35 16.2
1995 29.5 20.8 - 19.4 14.9 9.3 3.6 16.4
1996 28.4 20.7 - 20.2 14.8 10.8 5.2 16.6
1997 28.1 23.6 24.5 20.4 14.4 - 5.7 -
1998 29.2 23.7 25.4 21.1 13.7 9.9 6.2 -
1999 - 26.1 26.4 215 13.2 9.5 6.7 -
2000 28.6 22.7 27.1 21.4 12.6 9.5 7.1 -
2001 27.4 24.6 28.3 25.6 12.2 10.0 7.6 -
2002 28.3 - - 255 12.2 10.8 - -

Source: Eurostat (Structural indicators - Innovation and research).

However, the numbers in Table 2.4 should be potpetrspective, as these data include both
long-term and short-term high-level education. Effiene, the high score of a country can for
some countries be explained by a large numberat-¢érm tertiary degrees, rather than long-
term ones.

Because of the possibly distorted image due totdbon degrees, it is complemented by
Table 2.5. Also in this table, the Netherlandssfaito the last group. This table contains data of
the OECD (2004) on the share of S&E graduates keral long-term and advanced research
programs in higher education (ISCED 5A and ISCED®6}otal, less than 20 % of Dutch
students enrol in S&E related fields, while thisqemtage is 42 % in Korea and around 33 % in
Germany. The Netherlands, together with the Uniedes, Denmark and Norway, score below
the OECD average of 26 %.

Table 2.5 Share of S&E graduates per field of study  out of the total student population in higher
education (ISCED5A and ISCED6, 2002)

Engineering, Physical Life sciences Mathematics = Computing  Agriculture Total S&E

manufact. & sciences & statistics

construction
Korea 27.4 3.5 2.1 1.9 3.5 2.6 41.0
Germany 17.6 5.0 34 1.7 3.3 1.9 32.9
Finland 21.6 2.0 1.4 0.6 34 2.2 31.2
France 12.5 4.9 5.8 2.5 3.0 0.3 29.0
Netherlands 10.7 2.2 1.0 0.3 1.8 2.4 18.3
USA 6.3 1.4 3.7 0.9 34 2.3 18.0
Norway 7.4 11 11 0.2 5.1 1.2 16.0

Source: OECD, Education at a glance 2004 (Table A4.1)

® See the definition of higher education earlier in this chapter.
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Table 2.5 shows how students are distributed withéndifferent S&E related fields. A few
countries like Korea or Finland compensate théatinely low levels of students in physical

and life sciences by a large number of engineeende, instead, exhibits a rather large number
of students in exact sciences, with just more exggimthan in the Netherlands. The picture for
Germany looks rather balanced, combining high scorevery field. The Netherlands,

however, seems to show no strong fields with loares in every field.

Demand for S&E graduates

As for the demand for S&E graduates, the repast ignals an increasing demand for
knowledge workers in general in the coming yeanshe basis of general trends and surveys.
Then it complements this demand with the policy gimiis from the Lisbon agenda, boiling
down to the ambition to raise R&D efforts in thetherlands from the current 2 % of GDP
spending to a future 3 %. The report concludesetifon that if this ambition is to come true,

there will be a shortage of R&D personnel.

International comparison of S&E shortage perception

How is the problem of a shortage of S&E workers perceived, compared to other countries? The Global Competitiveness
Report 2004/2005 from the World Economic Forum is a useful source for a quick comparison.? The tables in the report
are compiled using the Executive Opinion Survey, which is a questionnaire among business executives and
entrepreneurs in large number of countries and across industries. The data report on the perception of the interviewed
executives, as they compare their country in relation to other countries. Scores are from 1 to 7, and a relative ranking is

made among about 100 countries.

Dutch managers rate the technological readiness of their country rather high: a 5.0 average, which ranks the
Netherlands at position 20. The quality of scientific research institution is considered high (position 11), as is company
spending on research and development (position 10). In comparison, subsidies and tax credits for firm-level R&D are
still above average, but the Netherlands captures position 18.

The rank on the availability of scientists and engineers is remarkably low: position 36. The score is still relatively high
(5.0) and just above average, but the ranking is rather on the low side. The same picture emerges in the perception of
education: quality of schools ranks in the top 20, but quality of math and science education ranks position 24. Finally,

the ease of hiring foreign labour is still considered below average: the Netherlands ranks position 70.

It must be stressed that survey data are difficult to interpret. Since cultural backgrounds differ among countries, the
answers are not always comparable. Also, the absolute scores are often not widely dispersed, which makes a ranking
rather volatile. Note however, in addition, that ‘hard facts’ in international comparisons, particularly relating to R&D and

innovation, also have their interpretation difficulties.

a Reference is made here to tables 3.01 to 4.11.
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Also, the report signals that the last years, thalver of R&D labour years has increased by
2 % per year. This is seen as a signal of a staodgncreasing demand for S&E graduates.

Further, universities have been recruiting a langmber of foreign students to fill up PhD
vacancies in S&E fields. The same goes for comaiiiee report takes this as a signal of a
strong demand that cannot be met by the currergiDaupply. Indeed, firm surveys reveal that
companies find it more and more difficult to findadified personnel in S&E fields.

The ‘Delta plan beta/technology’

The report Deltaplan béta/techniek; Actieplan voor de aanpak tekorten aan béta’s en
technicl was presented jointly by three Dutch governmeagattments, namely the Ministries
of Education, Culture & Science; Economic Affaiasid Social Affairs & Employment. The
expected future shortage of knowledge workers,iapérticular people in science and
engineering (S&E), is the point of departure of ‘Delta plan beta/technology’. The long term
goal is to have more employees contributing to wation. The medium term goal is a 15 %
increas@in outflow of S&E students in 2010 and 15 % higimélow in 2007. Also higher
inflow of women and the immigrant population, andrenforeign students and knowledge
workers.

Special attention is given to the whole chain oES&he full path of education through to
attracting, keeping and utilising knowledge workensthe labour market. The idea is that the
government, educational institutes and employeve @ work together. Four main lines of
action are identified:

Attractive education: more attractive technicatigts all round and less drop outs;

Attractive jobs: jobs with an appealing perspective

Attractive choices: improving image of S&E jobs diedds of study, and experimenting with
monetary incentives to coax students;

Attractive locational factors: removing obstaclesfbreign knowledge workers to come to and
stay in the Netherlands.

Some of the core measures of the ‘delta plan’ ohelexperimenting with lower tuition fees for
S&E students, promoting research jobs and reliebargiers to immigration for knowledge
workers. Attention is largely devoted to higher eation, but the Deltaplan also focuses on
intermediate vocational education (MBO). Both thpy side of S&E workers are targeted
(mostly through measures the government can takejel as the demand side (mostly through

measures business can take).

® In the aim of the Deltaplan the 15 % increase is related to student flows in 2003 (p. 16). In the calculation of the student
numbers necessary to meet the 15 % increase, it is related to student flows in 2000/2001 (p. 17).
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Some examples of policy action taken, following fro m the Deltaplan

The ‘Action programme Platform beta/technology’ contains further details on the concrete short term actions that will be
taken to execute the Delta plan. The programme lists 22 actions, focussing on all levels of education (primary, higher
and vocational), on attractive jobs and attractive choices. These actions together give insight on where funds are spent
in 2004-2005. The total sum spend in 2005 is 15 million euro.

A number of actions aim at renewing the way S&E education is done. For instance for primary and secondary
education, funds (2 min euro) are being directed to subsidise schools to guarantee solid and structural attention for S&E
in the educational programme. The ultimate aim would be a change in the choice patterns of youngsters. Likewise,
funds (1.3 min euro) are available to reassess the curriculum for S&E subjects in the upper classes of high schools, and
perhaps to develop one new, overall S&E subject. The curriculum at universities (bachelors degrees) are also under
scrutiny, and talks are being set up to explore the possibilities to include more social context or multidisciplinary
elements in the S&E programmes (0.4 min euro). In the same vain, the trajectory of vocational education (lower,
intermediary and higher) is being redesigned as for the S&E content (1.7 min euro. The main instrument is to work with

pilots, institutions who make an effort towards renewal, and later build on the best practices from these pilots.

As an example of an action focussing on attractive jobs, 3 min euro is devoted to so-called public/private mobility,
especially with respect to R&D. The idea is that career perspectives can be more interesting in S&E fields, if businesses
and the public sector (research and education, mostly) exchange more experiences and people. An example aiming at
attractive choices is science and engineering communication (1 min euro). The money is available as a subsidy for

various organisations, which should perform activities that make S&E education more attractive.

In some cases, the way the money is spent takes the form of an experiment, or a pilot. However, as far as can be
understood from the action programme, the design of these experiments don’t seem to give opportunity for a solid

guantitative assessment of the effectiveness of the actions taken.

The available funds for the ‘delta plan’ are 6 ioilleuro in 2004 up to a maximum of 60

million euro in 2007. As a back of the envelopeuttjiat experiment, assuming the full 60

million is spend in 2007, we can calculate the £@str additional student, or more interestingly,

per additional R&D worker. Using a quick and dicgiculation, the costs per additional R&D
worker is 150.000 eurbThe costs per additional R&D worker change if odgsumptions are

made. For instance, the above calculation assufi®eadditional S&E graduates. If instead we

assume that the ‘delta plan’ increases S&E outfiova structural basis, then the subsidies up
to 2007 also generate additional R&D workers &2@t0. The figure of 800 would then have to

be much higher, which means average costs per R&fRex are lower.

" A 15 % increase means an increase from roughly 14.000 graduates in 2001 to 16.000 in 2010. About half of those are
already in the baseline projections, for which no additional policy is required, which leaves about 800 graduates extra to be
achieved by these policies. This comes down to 75.000 euro additional cost per graduate (60 million euro divided by 800
graduates). If we were to very roughly assume that about half of these graduates move on to work in R&D, this would imply
each R&D worker would have to contribute about 150.000 euro in additional social returns, at which figure the cost-benefit
analysis for society would break even.
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Policies before the ‘Deltaplan beta/technology’

Before the Deltaplan was presented, various policies already existed or had been tried, which are aimed at science and
engineering. A number of efforts have been made in the past through advertisement campaigns, to improve the image
of S&E courses of study, particularly for women. The aim was increased enrolment. Other measures are not directly

related to enrolment, but show special attention and extra funds for technical fields of study.

For instance, universities receive higher funding for students in S&E courses. The compensation a university receives
from the central government for education (rather then research) is for more than 60 % based on student numbers (both
enrolment and number of graduates). Science and engineering students yield roughly 1.5 times higher yearly payment
than other students (apart from medical students, who yield 3 times higher payment). For HBO institutions the difference
between funding for S&E and non-S&E students is smaller (OCW, 1999). These policies are usually attributed to the
higher cost of these specific courses, especially the costs of laboratory environments and materials. Also, students are
allowed longer course duration for S&E courses. This implies extra costs for the government because the eligibility for
student grants is based on official course duration. This policy is usually attributed to the degree of difficulty of the

courses, or to efforts aimed at the quality of courses, to put it differently.

In 1998, the government together with various groups within education and business decided to establish a special
platform - Axis - whose aim was to stimulate the supply of S&E graduates on the labour market. The mission of Axis is
to identify a series of best practices that can effectively increase the enrolment into S&E fields. Projects are organised
along three main lines: influencing choices of pupils and students in early stages of the education system (in primary
and secondary education); proposing a new design for the teaching of S&E fields (in secondary and higher education);
making S&E careers more attractive. A lot of these best practices ended up in the ‘Deltaplan beta/technology’, which

was launched in 2003.
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3 Economic rationales for government intervention

Many studies provide evidence for spillover effe€®&D-activities. From a societal perspectiverns
will under invest in R&D because they can not falbpropriate the returns on their investments. Henc
government interventions that increase R&D actgtof private firms can raise domestic wealth.
Shortages in the supply of science and enginegniaduates may hamper R&D-activity and this may
damage the growth of productivity of the economicess at large. Government intervention in theolab
market for science and engineering graduates mdgdigmate to internalise the external effectairo
R&D-activity. The private return to higher educaticoughly equals the social rate of return at cuntre
levels of government expenditures on higher edoicalihe case to further subsidise the supply dédki
workers in general is rather weak.

3.1 The supply of S&E workers and economic growth

Human capital in general, and science and engimgstiudents in particular, are believed to
contribute in a non-trivial way to economic growiththe standard neoclassical growth
theories, a higher level of education increasescéffe labour input and hence raises steady
state income per capita (Mankiw, Romer and Wei§2)9First-generation endogenous growth
theories suggest that increasing levels of humpaiatanay prevent decreasing returns to
capital accumulation and may get the economy @stef growth path (Romer, 1986, Lucas,
1998). In the second-generation growth theoriesjamnucapital is the most important input in
R&D activities which are, in turn, the engine obaomic growth (Romer, 1990; Jones 1995).

Some early empirical findings by Murphy et al. (198uggested that countries with a higher
proportion of engineering graduates grow fasten d@untries with a higher proportion of law
graduates who are associated with rent-seekingtéesi Hence, it is not surprising that

policymakers who want to promote economic growth@mcerned with the supply of skilled

workers®

More recently, it is beyond empirical dispute thatman capital has a large private rate of
return? The private returns are estimated to be in therooél 7-9 %, i.e., gross wages increase
7-9 % with every additional year of education. Hoes in spite of very suggestive initial
findings on the importance of human capital forvgitn'® a growing body of empirical

evidence nowadays suggests that education doesmgethe level of income per capita but not
the growth rate. More importantly, the private rateeturn to higher education roughly equals

® Sianesi and Van Reenen (2002) state that the findings of Murphy e.a. are not very convincing.

? See for excellent overviews Card (1999) and Harmon, Oosterbeek and Walker (2003).

19 See Murphy et al. (1991), Barro (1991), Mankiw et al (1992), Benhabib and Spiegel (1994), Barro and Sala-i-Martin
(1995).
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3.2

the social rate of return at current levels of gaweent expenditures on higher educafibiihis
would imply that in the current situation all extal effects are internalised: additional
education for educated workers will not generatermal effects to less educated workers and
workers fully receive the returns on their eduaatibherefore, the case to further subsidise the
supply of skilled workers in general is rather welatom a policy perspective, this could be the
end of the story: current evidence does not sugbgasthe supply of human capital falls below
the socially desirable level.

However, these are analyses based on averageshéasmme hold for the case of S&E
workers? S&E workers are the most important ingretfor R&D activities. Through this link,
there might be a case for government interveniidwe. central question then is: do these R&D
activities generate spillover effects to othenatitis? That is, do the benefits to society exceed
the benefits reflected in the salaries of R&D waoske

The supply of S&E workers and R&D

Science and engineering workers may increase gromittcome through the process of
research and development. According to (semi-)esogs growth theories as developed by
Romer (1990), Grossman and Helpman (1991), AghmohHowitt (1992) and Jones (1995),
the stock of S&E graduates is an important detegintiof the innovative capacity of a country,
because the supply of R&D workers determines tted ganount of R&D activities which can
be carried out. R&D in turn generates technologit@nge and increases in economic growth
or income per capita.

From the labour market statistics we can indeeabéish the importance of S&E workers for
R&D. According to data from the Dutch Labour Mar&atrvey 2002, S&E graduates represent
56 % of all human resources working in core R&Dugaations. They also form the largest
group of researchers since 75 % of all high eddcpéesonnel working in core R&D
occupations has an S&E background. Due to theimprent role in R&D occupations, the
stock of S&E graduates is believed to be an impbdaterminant of R&D. Again, the question
is, does R&D matter for growth? And, more imporkgans government intervention

warranted?

1 See also Heckman and Klenow (1997), Acemoglu and Angrist (1999), Krueger and Lindahl (2002), Sianesi and Van
Reenen (2002), Ciccone and Peri (2002) and many others.
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Positive R&D externalities

R&D (research and development) may generate pegstiternal effects, also called
‘spillovers’. R&D creates benefits to a wider groafipeople or firms than to those who are
actually involved in R&D activities. These exteredfects occur because knowledge which is
codifiedin technologies, ideas and patents, has the deaisic of a public good. First,
knowledge technology can be easily copied and tered (technology is non-excludable).
Even patents protect only part of the knowledgeaidd in a technological innovation (and
for a limited time); the rest can be freely usedthers. Second, using the technology does not
make it more difficult for others to use it as wéhi other words, several persons can use a
technology at once (technology is non-rival). Doighese specific properties, the knowledge
created through R&D by one agent can ‘spill overitany other agents in the economy.
Economists say therefore that the social returf®&D are larger than the private returns.
Because R&D firms can not charge for these spil@fects the incentives for investing in
R&D are less than optimal. The market fails, in $kase that the suppliers of R&D can not

fully appropriate the returns on their activities.
The literature distinguishes between diverse tyfgmsitive external effects:

Knowledge spillovers: one company learns from tiierts of other companies.

Network spillovers: the returns on R&D investmeintene company increase when another
company invests in R&D (complementarity).

Market spillovers: the buyer of a new product dhesproduct for lower costs than the old

version of the product (high price-quality ratio).
The literature also pays attention to negativeregieeffects related to R&D:

Patent-races: companies may duplicate technoldg@patent-race and this leads to a waste of
costly resources.

Business stealing effect: new products may makeuaiducts quickly obsolete (Aghion and
Howitt, 1992)*?

The empirical literature generally supports thénslaf substantial positive external effects.
Due to methodological difficulties the range ofa@ames in the literature is rather large.

2 past innovators lose profits when other firms introduce new products. If past innovators take into account the possibility of
dynamic competition the difference between private and social returns will be smaller.

*2 For a discussion of this literature see Nadiri (1991), Griliches (1992), Mohnen (1996), Cameron (1998), Canton (2002) en
Cornet (2001).
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However, overall, the positive effects seem to nibasm compensate the negative effects. The
major conclusions of this empirical literature &te:

The private returns to R&D are generally estimatexlind 15-30 %.

The external effects are manifest and quantitagtiiraportant at all levels of aggregation (firm,
sector, region, country).

The lower boundary for external effects is foundbéoat about 25 % of the private returns.
External effects on R&D are not only present atrthonal level but also at the international
level. Firms and sectors in the home country befreim R&D efforts of firms and sectors
located abroad.

Foreign external effects diminish with the (phy§ichstance between the home country and the
countries abroad. The external effects of foreigbRare therefore smaller than the effects of
national R&D (per unit R&D).

The literature gives no clear picture regardingrtatire of the R&D spillovers (knowledge,
network or market). They all appear to be relevant.

Conducting R&D in a firm, sector and country magter order to benefit from external effects
of R&D in otherfirms, sectors and countries (particularly in dropken economies). This is
referred to as the absorption capacity argumeingties that a minimum level of R&D is
necessary to benefit from R&D done elsewhere (CamehLevinthal, 1990).

Hence, the main conclusion from the empirical &tare is that the returns to R&D are high,
both at the private and social level. This raibesquestion why firms and countries do not
spend much more on R&D. The literature does nowvanshis question. A factor that may be
important in this respect is risk. R&D projects aharacterised by many uncertainties, for
instance about the possible applications of thgeptpthe demand for the new products and the
activities of competitors. In addition, governmethtst try to increase the level of R&D activity
may encounter a lot of government failure (seei@e&.2). Another issue is the wide range of
the empirical findings. As mentioned before, estimgathe returns to R&D is difficult because
of methodological problems, such as the measureafdd&D spending.

S&E workers in non-R&D professions

A fair share of S&E graduates end up working in4S&E professions. In turn, of those
working in S&E, a large part do not work in R&D agations. They might work in
occupations related to the R&D core activities hsas distribution or other activities further
down in the product chain. Obviously, from a busmpoint of view, these activities are
necessary to benefit from the R&D investments. H@rgeas regards the role of the
government, the question is whether these non-Réii¥ties are characterised by positive
spillovers? In other words, are the social retinigber than the private returns. The empirical

1 Empirical evidence for the Netherlands confirms those conclusions (Jacobs, Nahuis en Tang, 2002).
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3.4

literature does not provide any evidence for thisich means that to our knowledge there are
no studies on this subject.

Policy intervention

Our discussion thus gives a legitimate rationategfovernment intervention in research and
development. The private returns of R&D lie beldw social returns to R&D because of
external effects to R&D activities. Therefore gaweents may want to develop policies that
increase R&D activity. However, these policies may be effective if the R&D capacity of the
country is insufficient because there are not ehd8§E workers who can perform R&D tasks.
If there is a shortage of R&D personnel, Goolsli&®8) shows that promoting R&D activities
will result in higher wages of R&D workers, redugithe policy impact on R&D volume. In
that situation there might be a case for promativegsupply of R&D personnel. It is therefore
of crucial importance whether there is sufficiempgly of workers with an S&E background.

The next chapters will touch upon this question.
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4

The demand for S&E graduates

The demand for S&E graduates which stems from paloldl private R&D expenditures is quite stable. The

five large multinationals did not relocate R&D adties from the Netherlands, but their expansioR&D

takes place in other countries. The share of tBi&D activities in the Netherlands carried out by thig

five decreased as a result of an expansion of Ré&fividies of other firms in the Netherlands.

4.1 Expenditures on private and public R&D
Private expenditures on R&D are relatively lowtie Netherlands. Figure 4.1 shows that the
R&D intensity of Dutch firms lays below the R&D arisity of the major large countries and
below the EU average.

Figure 4.1 R&D expenditures of companies, in % GDP
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Source: OECD Main Science and Technology Indicators 2004/1
The low R&D expenditures of the Netherlands aratsel to the sector structure or
specialisation pattern of the country. The Nethettahas little specialisation in R&D intensive

sectors (pharmacy, computers, automobile, nonf&enichines, etc). This sector effect
explains 28 % of the GDP lag of the Netherlande (BB, 2002).
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Figure 4.2

1,1~

l_

0,9 +

0,8 J

0,7 1

062 g

0,5 4

0,4 4

¢

The picture is quite different if we take into aaobthe (semi-)public expenditures on R&D.
The share of R&D done by the public sector (unitiesbut also public research organisation)
is relatively high in the Netherlands (see Figu@) #

Public R&D expenditures, in % GDP
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4.2

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

Source: OECD Main Science and Technology Indicators 2004/1

Over the last 25 years the R&D expenditures ageeptage of GDP spent on wages and thus
on R&D personnel has remained stable. Hence, there evidence that a larger part of R&D
expenditure has been spent on machines rathep#raonnel in the last decades.

Relocation of R&D production?

The production of R&D becomes more and more int@ynal as a large share of R&D activity
is done by multinational firms. Firms may relocRi&D activities to countries with the largest
comparative advantages in R&D production. CPB dat&&D-expenditures and -personnel of
the five large Dutch multinationals (the Big Fivejow that there is little evidence for

relocation of Dutch R&D-activity to other countrigsthe past 25 year§.In 2002, the Big Five
accounted for about one third of R&D-personnel)(fitthe Netherlands. Their share decreased
over time, but this was mainly because R&D-actiafyther, smaller or foreign, firms
increased (Figure 4.3).

*® Note that although business R&D is mostly in S&E fields, larger parts of public R&D are also in social sciences and
humanities.

18 Akzo Nobel, Philips, DSM, Shell, Unilever. Data source: CPB company database, April 2004; see also Cornet and
Rensman (2001) for an extended analysis, and Rensman (2004) for an update of the data.
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Figure 4.3 R&D-personnel Big Five and other firmsi  n the Netherlands
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The number of R&D-workers of the Big Five at thBitch and foreign locations fluctuates by
firm and over time (Table 4.1). The share of R&Dgmmnel at Dutch locations compared to
total worldwide R&D-personnel of these five multiimealstogether decreased in the past 10
years (Figure 4.3). This is the result of the gloeft R&D activities abroad, such that the share
Table 4.1 Big Five: share of Dutch R&D in the compa  ny’'s world-wide R&D, 1977-2000
1977 1980 1985 1990 1995 1999 2000 2002
R&D-personnel
Akzo 60 32 34 34 52 54 51
DSM 100 100 82 80 70
Philips 45 43 39 36
Shell 50 35 29 34 40
Unilever 26 16 13 12 18 18 18
R&D-expenditures
Akzo 61 44 52 40 50 50 51
DSM 100 100 100 95 90 77 80 71
Philips 50 46 45 46 36 45 38 35
Shell 42 42 27 33 44 36 37 63
Unilever 25 18 21 21 24 22 14 12

Source: Rensman, 2004. R&D-personnel: CPB company database, April 2004. R&D-expenditures: Cornet and Rensman (2001), Table
2.5, p.20, with update for 2002. If no data were available for the years under consideration, the nearest years are chosen.

of domestic R&D activity has fallen. The expanstrR&D activities abroad is in line with the
stronger economic growth in other countries, siclhina, than in the Netherlands.
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5 The supply of S&E (and R&D) personnel

Since 1975 the number of graduates from higher &titut has more than doubled. The share of S&E
graduates from university decreased from 28 % in51® 20 % in 2002. In higher vocational education
this share decreased from 22 % in 1975 to 20 %0B22 The lower shares of S&E graduates mainly
originate from a composition effect due to the @ased enrolment of female students. The developrment
the supply of S&E graduates sharply contrast wiibse of graduates in economic studies. Their shares
rose by 8 %-points for university graduates and@points for graduates from higher vocational
education (HBO).

In 2002 one out of three S&E graduates worked ite &®&D. This share has decreased by 8 %-points
since 1993. R&D is primarily done by young worket3;% of S&E university graduates between 25-29
years works in R&D against 27 % of 45-55 yearsednationalisation is important in public and priat
R&D and seems to be increasing. the share of fareigrkers in public and private R&D is substantial
and seems to be increasing. On the other handstthee of Dutch graduates working abroad is
increasing, especially S&T graduates interesteddientific jobs. Compared to other countries thedbu

shares on inflow and outflow seem relatively low.
5.1 The supply chain from enrolment to working in R &D

In this chapter, we look at the supply of possi&D workers, namely students graduating
with an S&E degree. However, the number of graduisteot the only determinant of the stock
of R&D personnel. S&E graduates have other chditéise labour market and also there is an
inflow of foreign S&E workers, be it graduates aperienced staff. Also note that people who
have originally chosen to work in other occupatjamild still be persuaded (by interesting job
offers or otherwise) into an R&D occupation althbubis will become more difficult the

longer a worker has not done R&D work. These flanessummarised in the figure below,
which pictures the flows that determine the effex8upply of scientists and engineers. The
inflow of first-year students in S&E fields and teop-out rate out of these fields determines
the actual stock of S&E graduates. The entry aitdoéS&E graduates into R&D occupations
and the inflow of foreign S&E graduates determime dctual stock of R&D personnel available
in the economy. The figures attached to the chanmill be explained in this chapter.
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Figure 5.1 Flows in the supply chain of scientists and engineers
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Key: The easiest way to interpret this flow chart, is by taking an example with real numbers. For instance, if (for some

reason, be it policy or by other causes) the number of first year students would rise by 500, then the number of first year
students in S&E would increase by 100 people; 67 would graduate and subsequently 27 would start a job in R&D. After a
while, some of them leave as well to other occupations (about 2 % per year for university students). Looking at it from the
other way: if the goal is to increase R&D personnel by 100 people, this would imply 250 S&E graduates, which would imply
375 new first year S&E’s. If this has to come from an straight increase (rather than a change in the S&E preference of first
year students) in first year students, you'd need 1875 more first year students.

5.2 Enrolment of first-year S&E students

As can be seen in Figure 5.1, a crucial factohénsupply of R&D personnel is the enrolment
of new students into S&E fields in higher educati&nrolment trends indicate whether the
interest of students for science and engineeringeca are changing. Table 5.1 presents the
growth rates in the number of first-year male stugiger field of study over the 1975-2002
period. Three observations are striking. Firstlbfthe total number of first-year students
(university and higher vocational education (HB89s doubled since 1975. Secondly, the
absolute number of students in science and engiigleave increased over the last decades.
Although enrolment in science fields at universigcreased by 3 %, engineering enrolment
increased by 71 %. In higher vocational educatiengrowth in engineering enrolment was
slower (39 %). The third striking feature of Tablé is the explosive growth of enrolment in

economic studies.
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Table 5.1

University
All students
Science
Engineering
Economics

HBO

All students
Engineering
Economics

Source: CBS,

Growth rates in the number of first-year  students (male and female), 1975-2002

Number of first years Absolute growth Growth of the share  Number of first years
in 1975 in % in %-points in 2002

19,502 + 84 35,810

2,421 -3 -6 2,360

2,610 +71 -1 4,470

1,493 +329 +10 6,400

32,809 + 145 80,280

9,926 +39 -13 13,810

1,950 +1.312 + 28 27,540

1992, 1994, Statline

However, given the large increase in the total nemab students, absolute growth is not the
whole story. We also look at the shares of theaetsye fields of study. The share indicates

whether new students have different choice pattians students from previous years. If we
look at science and engineers there is a decredke share for university enrolment and a

larger decrease for HBO students. This suggedigftao§interest of first-year students away
from S&E fields towards, among others, economics.

Although not shown in the table above, the undegdyigures for university students also show
an increase in the share of behavioural studidatiRely, languages studies have lost
popularity. The shares for higher vocational edocaincreased for health related subjects, at
the expense of the social and behavioural stud@ltes evolution of the shares of first-year
students can be seen in Figure 5.2 and Figurdf®@.look at the university students (Figure
5.2), the percentage of students choosing for seifirlds has decreased over the whole period.
While, in 1975, 13 % of students enrolled in sc&rthis is 7 % today. The enrolment share of
engineering was quite stable, 14 % in 1975 and 18 2002. In total, currently about one fifth
of the first year students, both in university &8O, enrol in an S&E field (this is the first
arrow in the above figure). In contrast to S&Edi|social sciences have become increasingly
popular in the last 25 years. The share of studsmslling in economics increased from 8 % in
1975 to 18 % in 2002.
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Figure 5.2
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Source: CBS (1992, 1994) and CBS Statline.
In higher vocational education (Figure 5.3), thalt&&E share has decreased by 13 %-points.

In contrast, the economic cluster has experienneskplosive increase in enrolments from 6 %
in 1975 to 34 % in 2002.
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Figure 5.3 Shares per degree category of first-year ~ students (male and female) in HBO
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Source: No one consistent set of data exists. Therefore the figure is based on several sources, which contain similar, but not
entirely comparable data. The years 1975 - 1991 are based on CBS (1992, 1994), 1992-1993 on CRIHO/CW!I data and
1994-2002 on CBS Statline.

5.3 The supply of S&E graduates

The next step in the supply chain of Figure 5thésnumber of first year students that actually
graduate. The graduate outflow pattern is not idahto the student inflow pattern, and
especially differs for HBO students. At this letteé change in the share of S&E graduates is

much smaller.

Table 5.2 Growth rates in the number of graduates (  male and female), 1975-2002

Number of graduates Absolute growth Growth of the share  Number of graduates

in 1975 in % in %-points in 2002°

University
All students 9,979 +117 21,690
Science 1,130 +47 -4 1,660
Engineering 1,621 + 60 -4 2,600
Economics 921 + 313 +8 3,800
HBO
All students 22,705 + 109 47,480
Engineering 4,900 +94 -2 9,530
Economics 1,700 + 814 +25 15,530

a . . . .
For university the figures are for 2001, since they refer to the pre-bachelor/master ‘doctoraal’ exams.
Source: CBS, 1992, 1994, Statline
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Figure 5.4
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Figure 5.4 and Figure 5.5 show the share of S&Huates at both levels of higher education
since 1975. At the university level we observe thatS&E shares decrease. The share of
science graduates drops from 11 % in 1975 to 8 2001 and the share of engineering students
drops from 16 % in 1975 to 12 % in 2001. These ghamainly originate from the strong
increase in enrolment of female students. For fersaldents the share of S&E graduates is
much smaller. Hence, an increase in enrolmentroffe students decreases the share of S&E
students of the total student population. Changesrauch smaller if we consider male and
female graduates separately. The total share af 8aE graduates has dropped from 32 % in
1975 to 30 % in 2001. For female S&E graduatesshise remained stable at 10 %, within
which there was a shift from science to engineetitence, the drop in the total share of S&E
graduates mainly originates from a change in tmepmsition of the student population and not
from a change in educational decisions. Judgingp fdo graduates in what field, students do
not seem to loose interest in S&E.

Shares per degree category of graduates
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Source: CBS, 1992, 1994, Statline.

At the level of HBO (Figure 5.5), we see the stafrengineering graduates decreased from
22 % in 1975 to 20 % in 2002. Again, we see a casitipn effect: male S&E graduates’ share
increased from 35 % to 38 %, and female S&E gradighare decreased from 7 % to 6 %.
Hence the main reason why the total share decrdgs2db-points is the larger growth of the
total number of women over the growth of the nundfenen.
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Above we analysed movements in student numbengdntahe last 25 years. If we take a
shorter period of time, say the last ten yearspibiire changes slightly although not
dramatically. For HBO the last ten years show didedn the engineering share, 6 %-points
(rather then 2 %-points in the last 25 years). Wasithe male share actually increased over the
last 25 years, it shows a decline if we look atl#st ten years. For science fields at university
level the picture looks different. The total dece@n share was 4 %-points over the last 25
years, but over the last ten years this was offyfdoint (overall, about the same for men and
women). Engineering at university level became pditts less popular over the last 25 years,
and 2 %-points over the last ten years. For maldd@males separately however, the decrease
in share was 2 %-points or 0 %-points respectivly 3 %-points worse then over the 25 year
period.

For the second arrow in Figure 5.1, we need to esenthe numbers for outflow to those for
inflow, albeit with a delay (namely, of the duratiof the course of study). A rough comparison
gives us a figure of about two thirds of the fiysar students who end up graduafih@his

goes for both HBO and university S&E students.

Changes within S&E fields of study
The figures of total in- and outflows above ara aather aggregate level. Now we take a closer
look at the movement within the S&E field. Partanly, since an often heard perception is that

* This is consistent with the figures in OCW (2004).
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students divert away from the ‘hard’ sciences talsdhe ‘soft’ sciences. The figures show that
indeed some ‘hard’ sciences loose more studentsatieer sciences, especially chemistry, but
this does not apply to all ‘hard sciences’. Thaltaumber of university graduates in
engineering declined from 3.430 in 1992/'93 (14 Pthe total student population) to 2.600 in
2001/02 (12 % of the total student populationhatttime). Table 5.3 summarises the change of
the shares out of the total number of engineeriaggates or science graduates, in the last
decade. Note that, given a decreasing total nunab&gble share implies a smaller number of
graduates in 2001/'02 than in 1992/'93. For instammtice in the table that the number of
technical mathematicians went from 80 to 50, bat the share out of all engineers was stable.
This means that students’ choice patterns didrdhge. On the other hand, the number of
students in architecture increased from 280 to 4B0ncrease of a mere 70 %. In share terms,
the 280 students were 8 % of the total populatioengineering graduates in 1992/'93, and the
480 now are 18 %. The increase in share is therdfdb-points.

Table 5.3 Change of relative preference within univ  ersity graduates S&E, 1992-2001
Number of Number of Change in share
graduates in 1992 graduates 2001 in %-points
Number of graduates, all fields 23,690 21,690
of whom Engineering 3,430 2,600
of whom Technical mathematics 80 50 0
Technical informatics 360 160 -4
Civil engineering 170 290 6
Architecture 280 480 10
Mechanical engineering 560 300 -5
Electrical engineering 480 190 -7
Technical chemistry 380 200 -3
Technical physics 260 200 0
Aviation- aerospace technology 110 100 1
Industrial design 150 130 1
Maritime engineering 20 30 1
Geodesy 20 10 0
Mining engineering 50 40 0
Technical business administer. 390 240 -2
Engineering, other 110 180 4
of whom Sciences, all 1,980 1,660
of whom Mathematics 110 110 1
Information science 360 300 0
Physics 230 210 1
Chemistry 440 200 -10
Pharmaceutics 170 290 9
Biology 450 350 -2
Physical geography 150 140 1
Environmental science 80 60 0

Source: CBS Statline
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5.3.1

Figure 5.6
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The bottom part of the table summarises the shithin science. The total number of science
graduates was 1.980 in 1992/'93, and 1.640 in 2001which was in both cases 8 % of the
student population. Especially in science, theehare relatively stable, apart from a shift
away from chemistry to pharmaceutics. The ‘harttifiein which one would have expected a
decline (mathematics and physics) are not subjderge changes. In engineering, the
‘winners’ are the construction related fields (temgineering and architecture), at the expense
of electrical and mechanical engineering.

We constructed a similar table for higher vocati@thucation. The picture there is comparable.
The total number of HBO graduates in engineering rgtatively stable at about 9.500 students.
Construction related fields became more populadidiformation science. The share of
technical physics declined by a small 1 %-pointiclvtseems minor but it signifies a decline in
the number of students of 40 % (from 180 in 199210 in 2002). One change stands out
particularly: electrical engineering declined irmghfrom about 20 % to about 10 %.

PhD’s

The in- and outflow figures above include universind HBO students, but not students with
an advanced degree. For the last decade, thentotdder of PhD’s increased somewhat , from
about 2.360 in 1992 to nearly 2.600 in 2002. Asloauseen in Figure 5.6, the relative
preferences of students was fairly stable as Wwak. already high share of medical PhD’s
increased slightly, as did the remarkably smaltsld economics students obtaining a

Shares per degree category of PhD gradua tes (male and female)
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Source: CBS, 1992, 1994, Statline
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doctorate. As for S&E courses, we see a declirseience, but a slight increase in engineering.
The combined share of S&E PhD'’s fell from 39 %ha total number of PhD’s in 1992, to
37 % in 2002.

It should be noted that the PhD’s in figure 6.6ude Dutch and foreign PhD’s. Although the
numbers of PhD’s are not decreasing markedly, timber ofDutchPhD’s is declining. In
Research voor Beleid (2005) figures are collectethfvarious sources on the
internationalisation of higher education. Two thériecome clear. First, about 20 % of the
scientific staff at Dutch universities was foreigr2004. Particularly the technical universities
(Delft, Eindhoven and Twente) have a large pergentd foreigners (32 %), compared to about
13 % in other fields (except for agriculture, with %). Secondly, the majority of foreigners at
universities are concentrated in PhD programmesi@a lesser extent in post-doc positions.
At the technical universities, about half of theDPhare foreign, in Eindhoven even 75 %. In
the early ‘90’s the share of foreigners at tecHnicaversities remained below 10*%Hence,
these figures indicate that the share of foreighassbeen increasing over the last 10 to 15

years.
Entry and exit in R&D occupations

Entry

The supply of scientists and engineers dependsatisuon how many S&E graduates choose a
career in science and engineering. The report {&amd Work 2000’ conducted by
SEO/Elsevier (2002) collected data on the job oatiops of higher education graduates who
entered the labour market approximately two yeafsrie. Table 5.4 shows the distribution of
university and HBO S&E graduates on the labour mgbly occupation.

The proportion of university S&E graduates workindprivate) R&D” after their study
remains generally below or around 25 %. Engineegirggluates work generally more in R&D
(except for civil engineering) than science gradsaAmong science graduates, 24 % of
informatics students move on to work in private R&fder their studies, while only 7 % of
chemistry students do so. Instead, graduates itt sg@ences mark a clear preference for PhD
programs. Recent graduates in mathematics aredkespread among occupations. Among
HBO students, more than 50 % of the graduatesem@try hold an R&D-occupation after
their study. The outflow into R&D is less for otHfexlds of study.

18 Intermediair, 9 January 2003.

*® persons classified in the ‘research and R&D' sector have responded that they occupy one of the following functions: 1)
post- docs, 2) scientific researcher, 3) market or marketing researcher, 4) leader/ employee in technical (industrial) R&D, 5)
leader/ employee in environmental R&D, 6) leader/employee in process and production development, 7) leader/employee in
a laboratory, 8) chemical or physical analyst, 9) other R&D functions.

48



Table 5.4 Distribution of recent S&E university gra  duates among occupations, in percentages, 2000
(graduation between 1.5 and 2.5 years ago)

Field of study Occupation

Economics Education Computing Engineering PhDs R&D
University
Mathematics 5 29 14 10 14 14
Physics 0 8 12 2 52 18
Chemistry 0 28 11 7 43 7
Informatics 0 0 54 4 10 24
Biology 3 4 5 1 46 19
Mechanical engineering 2 2 8 40 8 26
Electrical engineering 0 0 27 27 7 27
Chemical engineering 1 2 4 25 17 26
Civil engineering 3 0 4 49 1 11
Higher vocational education
Chemical laboratory education 0 0 7 14 - 52
Electrical engineering 3 3 28 44 - 11
Civil engineering 0 0 75 - 0
Chemical engineering 0 0 7 22 - 53
Computing 3 0 67 7 - 7

Source: SEO/Elsevier. Own computations for university graduates — N (univ)=3.272. Reproduced from SEO/Elsevier (2000) for HBO
graduates.

The figures in Table 5.4 raise the question whapkas with S&E graduates after their PhD.
This question can not be answered with these Hataever, data from the Dutch Labour
Market survey Enquéte Beroepsbevolkinmclude the whole sample of S&E graduates ranging
over all age groups. Hence, these data can givera comprehensive picture of the
occupational decisions of S&E graduates.

We focus on the sub sample of S&E graduates agedeba 25 and 55 years-old with a
higher education (university or higher vocatiordlieation). The definition of S&E fields in the
Dutch Labour Market Survey includes the fields @éace, engineering and agriculture (and
transport for higher vocational education). Tahke ghows that, in 2002, 34 % of all university
S&E graduates aged 25-55 are working in core R&Eupations? This is almost 7 % less
than in 1993, although there has been a smallasersince 1997. The declining trend is also
observed for HBO graduates. In 1993, 43.5 % of $& graduates were working in core
R&D. In 2002, this share is of only 36 %. In gehenawever, HBO graduates tend to work
more in core R&D than university graduates.

Decreasing trends in core R&D contrast with insmeg trends into other R&D occupations

including managerial positions.

% Core R&D occupations are defined as mathematical, physical, biological and engineering occupations at higher and
academic levels. Other R&D occupations are defined as managing positions and other occupations at higher and academic
levels.
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Table 5.5

Percentage of S&E graduates (including Ph  Ds) working in R&D

1993 1997 2002
University
R&D core 41.7 32.2 34.4
R&D other (excluding core) 8.2 11.2 11.1
Higher vocational education
R&D core 43.5 37.2 36.1
R&D other (excluding core) 5.8 7.0 6.6
N=2,013 N=2,272 N=2,608
Source: EBB, 1993, 1997, 2002.
The Gini-Hirschman coefficientSpresented in Table 5.6 give an indication of tisgrithution
of the different graduates over occupations. Afideht of O indicates that a field of education
leads to only one type of occupation. A higher fioieint indicates that a given education yields
to more occupations.
Table 5.6 Gini-Hirschman coefficients
1993 1997 2002
University
S&E 0.89 0.92 0.92
Economics 0.86 0.86 0.88
Higher vocational education
S&E 0.89 0.90 0.89
Economics 0.76 0.78 0.77
Source: EBB 1993, 1997, 2002, own computations.

Three observations emerge from Table 5.6. Firs& §&aduates are generally more spread out
over occupations than economic students. Thisiesfor both university and HBO graduates,
as indicated by a larger Gini-Hirschman coefficEEmtS&E graduates. Second, S&E university
graduates work in a slightly larger range of octigpe today than 10 years ago. This is
indicated by an increase in the Gini-Hirschman ficieht for S&E university graduates from
0.89in 1993 to 0.92 in 1997 and 2002. This trendhdwever, not observed for HBO S&E
graduates. Third, HBO students tend to be moreadrated in certain occupations than
university students. This is expected since HB®scational type of education.

% The Gini-Hirschman coefficient is calculated as follows: GH=(1-5; €;%)(m/m-1) where ey is the share of occupation i in the
education sector k, and m is the total number of occupations.
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Exit

Table 5.7 provides a further breakdown of the dattimn of Table 5.5, namely it gives the
distribution of S&E graduates over R&D occupatiges age class using 2002 data from the
Dutch Labour Market Surve¥.About 43 % of the young S&E university graduatest@een

25 and 29 years old) work in core R&D occupatidosHBO this figure is 37 %. We use this
number in Figure 5.1, as an indication of the sloff®&E graduates who move on to a job in
R&D. Taken for HBO and university together, a rowgtimate of two fifths of the students
follow this path. Note that this figure includesidtnts who have done a PhD in between their
graduation and their occupation in R&D.

The figures in Table 5.7 are also useful to see looy graduates remain in R&D jobs. As
we see, only 27 % of S&E university graduates ateé4 still work in R&D. There is clear
evidence that, along their career, university gadelsitend to leave core R&D occupations.
HBO graduates in the age class 30-34 work moreSibB Ehan younger or older graduates. Just
as for university graduates, older S&E graduatesgaly leave core R&D and tend to work
more in other R&D occupations. In general, thetshifay from R&D occupations as age
increases is larger for university than for HBOdyrates. On average, 2 % of university
graduates and 0.5 % of HBO graduates working in R&Bupations leave these professions

each yeaf®

Additionally, a well-known phenomenon is that wonvwearking in R&D have a higher chance
of exit than men. Empirical evidence on US datanshtihat women who have begun working

in S&E jobs are more likely to leave these prof@ssithan men in comparable jobs, even when
correcting for family characteristics (Preston, 49 his high rate of exit of women seems to
be related to a mismatch between women'’s prefesesmog S&E jobs requirements.

Table 5.7 Age distribution of S&E graduates (includ  ing PhDs) working in R&D (share in percentages)

25-29 30-34 35-44 45-55
University
R&D core 42.5 40.2 34.1 27.2
R&D other (excluding core) 9.4 6.9 11.3 14.6
Higher vocational education
R&D core 36.5 37.9 37.6 32.6
R&D other (excluding core) 3.4 4.0 6.5 10.6

Source: EBB, 2002.

2 gimilar trends were observed using 1993 and 1997 data, which are therefore not reproduced here.

% This is the arrow from ‘R&D personnel’ to ‘other occupations’ in Figure 5.1. To compute the average yearly exit rate, we
calculated the proportion of S&E graduates working in R&D in the group aged 27-47 and in the group 28-48. The difference
gives the number of graduates that had left R&D occupations within one year. We calculated this rate for each year from
1994 to 2002 and averaged it over the period.
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5.5 The international mobility of S&E graduates

Data on the mobility of S&E-graduates are hardlgikble. Internationally comparable data on
migration of high-skilled people are only availahtea highly aggregate level. However, we can
sketch a rough picture using data on two categofiegrkers: science and technology (S&T)
personnel and R&D-personrfélThe S&T labour force consists of managers, pridesss and
technicians working in the fields of physics, matiagics, life sciences, health and education.
R&D-employees are a small sub group of these S&Tkers. Table 5.8 compares the share of
foreign workers in the Netherlands with the EU-ager.

Table 5.8 Share of foreign workers in 2000 (%)
Labour force Higher educated S&T-personnel Annual growth (%)
foreigners S&T
personnel,
1994-2000
EU-average 4.6 3.7 4.1 5.8
The Netherlands 3.9 3.4 4.0 7.3

Source: EC (2003), Table 4.4.5 and Figure 4.4.13.

S&T workers: low share foreigners, and relatively s mall flows
If we look at current shares, we observe thataked aictive S&T labour force in the
Netherlands amounted to 2.5 million people in thblic and private sector in 2000 (see also
table 2.1° About 16 % of these S&T workers were professiomaisking in physical,
mathematical, engineering, health and life scieumipationg®

In 2000, only 4 % of the S&T-workers were non-nativof which more than 50% came
from other EU-countries. This small share of notives is comparable to that of other EU-
countries?’ However, the current figure seems to be the resultcatch up with other EU
countries. The annual growth in the number of native S&T employees on the Dutch labour
market between 1994 and 2000 was with 7.3 % allev&U-15 average of 5.8 %. It is
plausible that this is related with the relativest economic growth in the Netherlands in this

period.

If we look at flows instead, we notice that theamd outflow of S&T workers is relatively
small compared to the size of the Dutch S&T lalfoure. The inflow from other countries is

¥ The main sources of the data in this section are NOWT (2003), EC (2003), Bison (2002), EZ/ROA (2003), and the CPB
Company Database of July 2003. See Rensman (2004) for an extended analysis.

% Includes both lower and higher educated people. In 2000, the size of the group higher educated S&T workers is 1,3
million, slightly more than half of the total S&T labour force (NOWT, 2003, Table 3.2, p.60).

% ‘S&E-employees’ as defined by EC (2003, p.437): aged 25-64, ISCO 21 and 22 (thus excluding teaching professionals,
and excluding technicians). Note the definition includes health and life sciences (ISCO 22), and also both lower and higher
educated people.

%" See EC (2003), Table 4.4.5, p.236.
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about 1 % of the total S&T labour force in 208@he outflow to other EU countries is of
about the same magnitude as the inflow from thesatcies, resulting in very small net
migration.

Data on the outflow to non-EU countries are noilatsée, but probably smaller in size. Of the
graduates of Dutch higher education who were warkibroad in the period 1998-2002, only
one fifth went to non-EU countries.

However, the S&T labour force is defined broadhgliding non-beta, low educated workers.
We now turn to a smaller sub group of S&T workeanely R&D-workers.

R&D-personnel: high share foreigners, and relativel y high mobility

In 2000, R&D-personnel constituted less than 4 %hefS&T labour force. About half of these
R&D-workers are researchers, scientists and engiriee¢he public and private sectdiThere

is no systematic overview of the migration of R&nkers and researchers from and to the
Netherlands. The available sources suggest migratid mobility are important within this

group of workers.

Inflow

In 2004, about 20% of the scientific staff at Dutstiversities was foreign (Research voor
Beleid, 2005). This figure is higher (32 %) for tieehnical universities (Delft, Eindhoven and
Twente). At the agricultural university Wageningbe share is 16 %. The foreigners are
concentrated in PhD programmes and post-doc positist the technical universities, about
half of the PhDs are foreign, in Eindhoven ever®@3 ooking at fields of science, it appears
that natural sciences and engineering show relgithigh shares of foreigners, 32 %, compared
to about 13 % in other fields (except for agrictétuwith 16 %).

The share of higher educated foreign workers in R&Eelatively low in the Netherlands
compared to Belgium, Sweden and the United King@# ROA, 2003). The share of higher
educated foreign workers from non-EU countrieswe®en and the United Kingdom is double
the share of the Netherlands.

Systematic figures on changes in the share ofdgareiorkers in R&D are not available.
Individual multinational firms state that these r®saare increasing (see box).

% Calculated as the inflows from EU and non-EU countries (14700+9747) divided by the S&T labour force (2449000).
% The Frascati manual presupposes that there is a correspondence between these researchers and high education (EC,
2003, p.436). Then the share of researchers in the total of higher educated S&T workers is estimated at about 3%.
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Anecdotal evidence on the share of foreigners in mu Itinationals in the Netherlands

- Philips expands its campus in Eindhoven. Its R&D activity is said not to be hampered by a limited R&D-budget, but
rather by a shortage in available qualified personnel. In 2000, 40 % of the newly hired at Philips Research Netherlands

were foreign. In 2002, this appears to be about 50%.2

- DSM expands its activities in China, but its R&D-units are still settled in Europe and the USA, because these units are
embedded in a local network that is difficult to relocate. However, the availability of higher technical personnel is
important. It is increasingly difficult to hire such personnel locally. In 2003, DSM Netherlands hired one third of its new
research employees from abroad.b

- In 2003, 3.5% of Akzo Nobel's personnel in the Netherlands is foreign. Among personnel with a university degree,

more than 7% came from other countries. More, this percentage is slightly increasing during the past few years.C

a Volkskrant, 24-02-2003, Hoog scoren op de hightech-markt, and Intermediair 45, p.13, respectively.
b - .

Volkskrant 13-02-2003, China is hoop in bange dagen voor DSM.
© Akzo Social Annual Report 2003.

Outflow

» The share of Dutch university graduates workingralirhas increased from 2.2 % in 1999 to
3.4 % in 2003. Within this group the share of gietda working in a research occupation
increased from 33 % to 39 %. Approximately one tpraof this group works at an institute for
higher education. The majority of these graduatesking at a foreign institute of higher
education are S&T graduates: 56 % in 1999 and 6 2003 (RvB, 2005).

* The same pattern is found in EZ/ROA (2003). Higk#mcated Dutch graduates working
abroad more often choose for research jobs. Asdegpecially holds for S&T graduates.

» About 40 % of the Dutch scientists staffed at Dutoiversities moved abroad in the past 5
years, but generally only temporarily (RvB, 2005).

» Compared to other European countries the shareitwhiyraduates working abroad is low (EZ,
ROA, 2003).

To summarise, the figures on inflow suggest thatstiare of foreign S&E workers in Dutch
public and private R&D is substantial and seenisetincreasing. The figures on outflow
suggest that the share of Dutch graduates workbngga is increasing, especially S&T
graduates interested in research jobs. Howeverpawed to other countries the Dutch shares on
inflow and outflow seem relatively low. The mainmnotusion is that internationalisation is
important in public and private R&D and seems tarfoeeasing.
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6 Developments in the labour market for S&E graduat  es

High wages, high labour participation, low unempimnt, long working weeks and high vacancy rates
can be indicators of a tight labour market. In thlsapter we find that the relative wages of S&Edyrates
compared to all other graduates declined, bothhatuniversity and the HBO level. Compared to ecaniom
graduates, whom we consider a more adequate cogtonip, we find the same pattern. Especially the
differences at the university level are remarkalnel 996 S&E graduates earn on average 9 % less tha
economic graduates and this difference increasei®téb in 2002. In the private sector the deteriaat

of the relative wage position of S&E graduategtiergyer. S&E graduates working in private R&D ed&n
to 10 % more than S&E graduates in other jobs mphivate sector. However, since 1996 this ‘R&D
premium’ has decreased and the relative wage posiaf S&E graduates working in R&D has
deteriorated even more than the wage positionteéio8&E graduates. The labour participation and
employment of S&E graduates is on average lowar tha participation and employment of other
graduates. In addition, the labour market posit@ffS&E graduates seems to be weakening since 1992.
The number of hours worked and the vacancy rats @b not indicate a tight labour market for S&E
graduates. We conclude that this range of indicatbwes not provide evidence for a tight labour read€
S&E graduates. Instead, the data suggest thataheur market position of S&E graduates has been

weakening since 1996.

In this chapter, we describe recent developmenth®tabour market for S&E graduates in the
Netherlands. We start with a general descriptionaef the labour market works (section 6.1).
Next, we devote attention to the definition of dgage’. The next sections show the results of
the empirical analysis of changes in the Dutch lmboarket for S&E graduates. In section 6.2
we analyse differences in wages between S&E gradumtd other graduates. In section 6.3 we

look at differences in labour participation, emptmnt and vacancies.
6.1 The labour market

Scarcity of S&E graduates on the labour market m¢laat the demand for these graduates is
large compared to supply. As in any market, the@is/measure for scarcity is the price, given
that the market clears properly. On the demandfsiths signal their need for scientists and
engineers by their wage offers. Firms demandingenS#E workers have to offer higher wages
so as to increase the supply of workers willingvtok at their firm. The message to potential
workers is clear: come to work for us, because pyreciate your labour more. However, as
wages increase, demand will respond as well. Samne fvill find raising wages too costly and
reconsider their activities. Hence, the demand®E workers will decline when wages rise.
On the supply side, why would higher wages be #etebe way to attract new S&E
workers? There are three potential channels. Teedhannel is the supply of potential S&E
workers in the labour market. Not all S&E studesmigl up working in S&E professions. A
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higher wage level will give an incentive to switobtween jobs and consider working (again) in
an S&E profession. The second channel is that cu8&E workers may decide to work more
hours in their current occupation when it beconmesnicially more rewarding. The third
channel is new entry of workers on the labour marke increase in wages for scientists and
engineers provides incentives for students to dnrBKE fields because the relative benefits
being an S&E worker compared to other jobs improdthough clearly there is a delay, since
it takes a few years to train a student into an S&iker, the economic literature is conclusive
on a positive relation between pay and enrolmi&tit.

The wages for S&E workers will adjust until demard supply are equalised and the
market for S&E workers clears. Indeed, shortagdisdigiappear because prices increase if S&E
workers become scarcer. This is efficient becaoaece resources are allocated to activities
where their marginal benefits are highest and loedpctive activities will be stopped. At
higher wages, firms demand less workers becaugenthee become too costly and some
workers will find it attractive to apply for a jads an S&E worker. This process of rising wages
continues until supply and demand will be equilieca

The responsiveness of firms or workers to increpsiages is denoted by the elasticity of
demand or supply. The elasticity measures the ptxge-wise change in demand (or supply)
with respect to a percentage-wise change in thewégupply is inelastic, that is, when
workers do not react strongly to increasing wafigss may demand more workers, but this
only results in higher wages, not in more hireS&E workers. Or, in other words, they need to
increase wages a lot to attract new workers. Ithenother hand, supply is elastic, firms
demanding more workers need to offer only slighifyher wages to attract a lot of potential
employees.

As long as the market clears, there can be notapes’ in a literal sense because supply
always equals demand if the market is in equilioridThe only thing economists can say is that
S&E workers have beconsearcerif their wages are higher. If S&E workers are seartheir
wages will go up. If there is ample supply, wagesntome down. Although, markets can be
out of equilibrium temporarily, economic forces W@hsure convergence to equilibrium in the
long run, unless there are all kinds of marketadtgins. See also the box in this section.

From this discussion follows that the definitionaoshortage’ is not well defined in an
economic sense. Following RAND (2003), one couklilgadentify various types of

‘shortages’. In the short run, supply could indeedoo low to meet demand. But, market
forces would normally eliminate these shortagethénlong-run.

% see for instance the recent paper by Ryoo and Rosen (2004) about the labour market for engineers in the US. They show
that the demand for engineers is very responsive to their price (i.e. wages), but also that supply is equally sensitive to future
earnings. The observed time lag is about four years.

31 Obviously, there are other elements which determine the relative attractiveness of a certain profession, like innate
capacities, interests, training possibilities, social standing, non-wage benefits, etcetera. Often the latter are part of a package
including an attractive wage.
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Equilibrium in the labour market

The labour market follows, like any other economic good, the laws of supply and demand. The demand for labour is
determined by the level of activity in the economy. Companies, operating on the product market, hire employees as long
as they can contribute to the profits of the company. The supply of labour is determined by the number of persons
participating in the labour force. The latter is defined as the sum of both the employed and unemployed.

The wage mechanism ensures that demand and supply converge over time (see Figure a). For instance, if demand for
labour were to exceed current supply, there will be a (temporary) shortage of workers on the market. Due to this
scarcity, firms will offer higher wages to fill their vacancies. So wages rise and, as a result, supplying labour becomes
more attractive and more workers are willing to participate in the labour market in general, or in the segment where the
shortage arises. The supply of labour increases until the point where supply meets demand. The wage at that point is
called the market clearing wage level (w*). Inversely, when the supply of labour is larger than the demand, this surplus
will lead to falling wages. Consequently, the supply of labour will decrease (and demand will increase) until the point

where supply equals demand.

Two special cases:

1. Supply is inelastic. This is illustrated in Figure b. In this case, increasing the wage does not lead to an increase in
supply. So the market does clear, but at an increased wage level, the level of employment remains the same.

2. Wages are rigid. In this case the wage level is bounded from above, due for instance to the institutional structure of
the labour market (w in Figure a). This means that wages cannot increase enough to attract the supply that would be
necessary. Hence, the market does not clear and there is a shortage (due to increased demand). In the reverse case,

when wages are too high for the market to clear, there is unemployment.
Figure a The market for labour Figure b The mark et for labour with inelastic supply
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Also, a ‘shortage’ can be perceived when therenssamatch of actual supply compared to

expected supply. Expectations may turn out to lengibecause they are based on levels from

the recent past (e.g. declining number of graduat€&E fields). Since the stock of workers
on the labour market only adjusts slowly and gpitedictably, it is not plausible that firms or

workers are systematically mislead by predictiowrs; as opposed to, for example, traders in

the stock markets. ‘Shortages’ may also be perddailevels are lower than what is deemed
desirable in society (e.g. underinvestment in R&D)is has to do with a market failure



(external effect) and could/should be restoredgyprapriate government intervention, see also
later in this report. Also, the definition of ‘stiage’ may be confused by definition issues, e.g.
what is considered part of supply. For instancehéncase of S&E’s shortages are generally
defined only in terms of domestic shortages andem¢gnternational aspects. Based on all these
considerations we will define shortage of S&E waskenly in terms of scarcity.

In this analysis, we take a long-run perspectivayhich we assume that price adjustments
on the labour market ensure market clearing, fiarmd workers are well informed, and we take
the foreign dimension of supply into account. Thesgumptions guarantee and imply that the
wages are a correct and true measure for the gcafS&E workers. When necessary we will
discuss the implications of relaxing our main agstons.

An extensive empirical literature confirms the tredizal relation between wages, demand and
supply. Katz and Autor (1999) document the rolsugply and demand factors for
understanding changes in the wage structure an@lbearnings inequality. Ryoo and Roosen
(2004) look particularly at the labour market fogaeers. For a recent Dutch example of the
relation between labour demand and supply, and syage table 6.1. During the economic
boom of the late nineties, the demand for highecatkd graduates increased strongly. After
2001 demand decreased. As can be seen in the ttadblgtarting salaries of graduates of various
types of technical and economic studies, seem nsspoto these changes in demand.

Table 6.1 Starting wages by type of education, 1998 -2003

1998 1998 1999 2000 2001 2002 2003

Level? Index

Electrical engineering 2040 100 109 122 122 121 118
Information science 2040 100 109 117 106 111 108
Chemical technology 1770 100 114 116 124 132 131
Technical business 2120 100 109 110 115 119 110
Technical information science 2030 100 111 125 131 109 110
Technical physics 1810 100 133 140 124 124 118
Technical mathematics 1830 100 109 120 117 125 114
Mechanical engineering 2030 100 109 113 118 121 123
Business 2210 100 101 108 111 115 114
Econometrics 2010 100 109 115 114 111 115
Economics 2090 100 108 111 113 119 116
Fiscal economics 2000 100 106 119 121 132 135

a
Euros per month

Source: WO-monitor
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6.2

The control group

In the next sections, we compare the job markeasdn for S&E graduates with those for
other graduates on a number of indicators andquéaitly the wage level. Although the
comparison with all other graduates provides usegights, we also focus on a comparison
with economic students. There are a couple of reasdy the comparison with economic
graduates is useful.

First, in recent years there has been an increase isupply of economic students on the
labour market. This movement is interesting, sitheesupply of S&E graduates has gone down.
Secondly, S&E and economic studies are possiblstisutes for students. That is to say,
students in S&E and economics by and large comm the same pool of high school
graduates, namely those with science in their spudfiles. Thirdly, the same principle applies
in the labour market: economic and S&E graduategels end up in the same jobs. Obviously,
this is slightly one-sided: you won't find econoisign a chemistry lab. However, you do find
S&E graduates in all kinds of more economic occiopat like managerial positions. A
particular example is the ICT bubble, when emplsyeere hiring from the pool of both S&E’s
and economists.

Concerning size, the group of economic graduatesadout the same size as the group of
S&E graduates. This can be seen in Table 2.2, wdoakains the outflows from higher
education. The outflows also give an indicationhaf shares of these educational group in the
labour force. Note that this is not the same asithmber of people working in S&E
occupations. This is due to the fact that many S&ifkers work in non-S&E occupations.

Wage differentials

This section analyses the evolution of the wage®&# graduates in comparison with all other
types of graduates, and also separately with ecmngraduates. Based on data from the LSO,
we compare recorded wage levels between the geslo&different fields of study. In the
sample, S&E graduates are all people who indicttattheir highest degree of education is
higher vocational education (HBO), university oDPih science, engineering or agriculture.

The basic procedure is as follows. We study eaelvaat sub-sample separately (e.g. all
people with an HBO degree). For each group, wenast a so-called Mincer wage equation in
which the logarithm of the hourly wage is the deget variable and the explanatory variables
are age, age-squared, gender and type of educhtitive regression, we always exclude one
field of study, which thus serves as our referaroeip. In combination with the logarithmic
specification, this allows us to interpret the dm&nt as a wage differential in percentages. For
instance, a found wage differential of 0.05 for 8&E field of study in the HBO group can be
read as: HBO S&E graduates earn on average 5 % timamehe reference group.

The top panel of Table 6.2 compares the averagesvagS&E graduates with the wages of
all other graduates. At the university level S&BEdmates earn on average 2 to 3 % more than
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other graduates between 1979 and 1997. After 11897etative position of S&E graduates
clearly deteriorated and in 2002 the wage lev8&E graduates is 2 % below the average
level of all other university graduates. At the HB®el the relative position of S&E graduates
improved strongly in the first halve of the eighktién 1985 S&E graduates earned on average
10 % more than other HBO graduates. However, sif8& this wage difference has declined
steadily and in 2002 S&E graduates earned on ages&g more than other HBO graduates.
Hence, for both levels of higher education we finak the relative wage position of S&E
graduates has been deteriorating since 1985.

Table 6.2 Estimation of wage differentials per type of education 1979-2002, compared to all other
graduates
1979 1985 1996 1997 2002
Compared to all other graduates
University S&E graduates 0.02 0.03 0.03** 0.02* —0.02**
(0.025) (0.044) (0.009) (0.009) (0.010)
N=711 N=318 N=9,913 N=10,146 N=7,572
HBO S&E graduates - 0.03* 0.10** 0.08** 0.06** 0.05**
(0.014) (0.017) (0.006) (0.006) (0.006)
N=1,737 N=882 N=23,644 N=23,422 N=17,535
Compared to economic graduates
University S&E graduates 0.02 0.03 - 0.09** - 0.09** —-0.12%
(0.027) (0.047) (0.010) (0.010) (0.010)
N=711 N=318 N=9,913 N=10,146 N=7,572
HBO S&E graduates - 0.06** -0.01 0.00 -0.01 -0.01*
(0.017) (0.024) (0.007) (0.007) (0.007)
N=1,737 N=882 N=23,644 N=23,422 N=17,535

An asterisk */** indicates significance at the 10% / 5% level. Standard errors are given in brackets.
Source: CBS, LSO 1979, 1985, 1996, 1997, 2002, own computations

The bottom panel compares the wages of S&E grasluégth the wages of economic graduates,
which we consider a more appropriate control gré\ghe university level we again find that
the wage position of S&E graduates deterioratesH®uthanges are more dramatic. In 1979
and 1985 there is no significant difference intiberly wages of S&E and economic graduates.
In later years however, S&E graduates earn leshqarthan their economic counterparts, up
to 12% less in 2002. Hence, wages for economists geown faster over the last 20 years than
wages for scientists and engineers. For 1996 dadyears we can distinguish between types of
S&E education. For all types of S&E education, itlative wage position has deteriorated
since 1996 (not shown in Table 6.2).

For HBO S&E graduates the picture is somewhat iffe Since 1985, the wages of S&E
graduates and economic graduates have been ah@lt €qe pattern differs between types of
S&E studies. HBO engineering students earned a@&titmore than economic graduates.

There was no significant difference in later ye@msaduates in science earned about 9 % and
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6.2.1

12 % less than economic graduates in 1996 and &@ctively. Transport graduates earn
12 % more than economic graduates in 1996 andnitrisased to 18 % in 2002.

The samples used in Table 6.2 also includes gradwéth a PhD-degree. To check for a
possible bias of the results by this group we rigukall estimations for a sample excluding
those with a PhD-degree. The results are quitdain8ince 1996, the relative wage position of
S&E graduates at both levels of higher educatiand®deriorated against all other graduates. In
addition, wages of S&E graduates strongly declihderxcompared to economic graduates at
the university level and remain stable at the HB@el.

Moreover, the previous estimates focus on montldges and do not take changes in fringe
benefits into account. From 1996 onwards, the W&tgacture Survey also contains data on the
fringe benefits received by the different graduat®e constructed a new wage variable
consisting of the structural and incidental eleraemtd repeated all estimations of Table 6.2.
The results are quite similar, although the dropvéiges since 1996 of S&E graduates

compared to economic graduates has been 1 %-pogarl

Wages of S&E graduates working in private R&D

Using again data from the LSO (Wage Structure Sgrwee estimate the wage differentials of
graduates working in the private sector. Estimat&sults are given in Table 6.3, column (1). In
column (2), we also report coefficients for S&E dmates working in R&D occupations. R&D
occupations are defined as the more technical @timns, i.e. in science and engineering. We
estimated the wage differential for later years/pdue to a lack of data on sectors and
occupations in the Wage Structure Surveys of 19d91885.

In Table 6.3, columns (1) present the estimatdéhedfvage differential of graduates working
in the private sector. In 1996 S&E graduates omaeearned 4 % more at the university level
and 8 % more at the HBO level than other gradu&te2002 their wage position has
deteriorated, at the university level they earn 86 than other graduates and at the HBO-
level their wage advantage has decreased to 2 #ieelthe findings are quite similar to the
estimates in the top panel of Table 6.2, althohghdeterioration of the relative wage position
of S&E graduates is stronger in the private sector.

Columns (2) in Table 6.3 and Table 6.4 give arginisin the premium an S&E worker gets
from working in R&D. We compare the wages of S&Bdpates working in private R&D and
the wages of other graduates in the private setTtos.results in what we call the total wage
differential. l.e. university S&E graduates who eddip working in private R&D earn in 2002
1 % less than other university graduates workintpénprivate sector. This total wage
differential can be computed as the sum of thefimderfit of S&E graduates and the coefficient
of an interaction term. We can see that at botblseef higher education S&E graduates
working in R&D earn more than other S&E gradualdee estimated R&D premium lies
between 5 and 10 % and has been decreasing sifi6e 19
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Table 6.3 Estimation of wage differential for S&E g  raduates working in private R&D, compared to all ot her
graduates in the private sector

1996 1997 2002
@ @) (€Y @ (€Y @)
University
S&E graduates 0.04** 0.00 0.03** 0.01 - 0.04** - 0.07**
(0.014) (0.017) (0.013) (0.016) (0.016) (0.019)
R&D * S&E graduates 0.08** 0.05** 0.06**
(0.022) (0.021) (0.025)
Sum: (total) wage differential 0.09** 0.06** 0.00
(0.019) (0.018) (0.024)
N=4,505 N=4,505 N=4,708 N=4,708 N=2,760 N=2,760
HBO
S&E graduates 0.08** 0.04** 0.05** 0.01 0.02** -0.02
(0.008) (0.010) (0.008) (0.010) (0.010) (0.012)
R&D * S&E graduates 0.10** 0.09** 0.08**
(0.013) (0.013) (0.015)
Sum: (total) wage differential 0.13** 0.10** 0.07**
(0.012) (0.011) (0.013)
N=11,233 N=11,233 N=11,226 N=11,226 N=6,095 N=6,095

An asterisk */** indicates significance at the 10% / 5% level. Standard errors are given in brackets.
Source: CBS, LSO 1996, 1997, 2002, own computations

Hence, the relative wage position of S&E graduatdd&D compared to all other graduates, as
indicated by the total wage differential in Tabl8,&leteriorated even more than the wage
position of other S&E graduates. Our analysis aatrdistinguish the factors that determine this
R&D premium. Factors that may play a role are tlaaim between education and job or
selection effects if more ‘high quality S&E-gradesitwork in R&D. Table 6.4 shows the wage
differences of S&E graduates in R&D compared tonecoic graduates.

The pattern of findings in Table 6.4 is quite samito the findings in Table 6.2. The
development of wages of S&E graduates at both sevkethigher education lags behind wages
of economic graduates. This holds both for S&E gedes working in R&D and in other jobs.
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Table 6.4 Estimation of wage differential for S&E g

economic graduates in the private sector

University
S&E graduates

R&D * S&E graduates

Sum: (total) wage differential

HBO
S&E graduates

R&D * S&E graduates

Sum: (total) wage differential

1996
1) 2

- 0.09% - 0.13*
(0.015) (0.017)
0.08**

(0.021)

- 0.05*

(0.019)

N=4,505 N=4,505
0.00 - 0.05*
(0.009) (0.011)
0.10%

(0.013)

0.05**

(0.012)

N=11,233 N=11,233

raduates working in private R&D, compared to

1997
1) )

- 0.08* - 0.11%
(0.014) (0.017)
0.05*

(0.020)

— 0.06*

(0.018)

N=4,708 N=4,708
- 0.02% - 0.06*
(0.009) (0.010)
0.09%*

(0.013)

0.03**

(0.011)

N=11,226 N=11,226

An asterisk */** indicates significance at the 10% / 5% level. Standard errors are given in brackets.
Source: CBS, LSO 1996, 1997, 2002, own computations

)

- 0.16%
(0.019)
0.06**
(0.024)

- 0.10%
(0.021)

N=2,760

- 0.07*
(0.012)
0.08**
(0.015)

0.02
(0.013)

N=5,955

Robustness and selectivity of the results

The previous results show that the wage positicB&E graduates has deteriorated compared

to other graduates. This indicates that there iscaocity of S&E graduates in the Netherlands.

It should be noted that this finding is based @oparison of wage differentials over time.

This makes other explanations less plausible. figiance, it has been suggested that S&E

students are ‘nerds’ and ‘have more difficulty agotiating high wages’. This unobserved

factor may explain the difference in earnings betw8&E graduates and other graduates at one

point in time but not changes over time, since veg mxpect that hidden characteristics, like

the ability to negotiate wages, do not change tiweg. Thus, it is not likely that selectivity will

bias the finding that S&E graduates have beconsedesrce.

6.3 Labour market participation of S&E graduates

If the labour market for S&E graduates is tightewpect low unemployment, high labour

participation, long working weeks and a high numtiferacancies. In this section we contrast

the labour participation of S&E graduates withather graduates and with economic graduates
using data from the Dutch Labour Market survey (EBBthe years 1992, 1997 and 2002. An
individual is defined as ‘participating’ if he dnes indicates in the survey that they were either

working or unemployed (at the time of the survey).
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6.3.1 Chance of participating in the labour force
Do S&E graduates have more chance of dropping fathiedabour force? We estimate the
chance of participating (i.e. the chance of beimpleyed or unemployed) versus the chance of
non-participating. This gives an indication of teadency of S&E graduates to exit the labour
force. Probit estimates for the male and femalessubples (controlling for age) are given in
Table 6.5. The top panel compares S&E graduatdsalligraduates, the bottom panel
compares S&E graduates with economic graduates.

Most estimates in table 6.5 have a negative sifiictwmeans that the labour participation
of S&E graduates is lower than the participatiomthfer graduates or economic graduates.
Especially at the HBO level and for female gradsiate find significant negative effects. The
estimates also suggest that the participation dt §&aduates relative to other graduates has
decreased since 1992. Hence, this indicator doeshoav that the labour market for S&E
graduates has become tighter. In fact, the estersitew that the labour market for S&E
graduates has become less tight.

Table 6.5 Chance of participating in the labour for ~ ce (marginal effects)
Male Female
1992 1997 2002 1992 1997 2002
Compared to all graduates
University S&E graduates 0.01 0.00 -0.00 -0.01 -0.04 -0.03
(0.010) (0.007) (0.006) (0.040) (0.032) (0.030)
N=3.066 N=2.985 N=3.268 N=1.360 N=1.575 N=1.948
HBO S&E graduates -0.01* - 0.03** - 0.03** -0.06* —0.12* —0.12*
(0.008) (0.010) (0.007) (0.035) (0.032) (0.030)
N=5,483 N=6,042 N=6,406 N=5,302 N=5,484 N=6,185
Compared to economic graduates
University S&E graduates 0.00 -0.00 -0.01 -0.03 - 0.10** -0.05
(0.013) (0.009) (0.008) (0.048) (0.045) (0.037)
N=3.066 N=2.985 N=3.268 N=1.360 N=1.575 N=1.948
HBO S&E graduates -0.02 -0.02 - 0.03** -0.01 —0.11* - 0.13*
(0.011) (0.012) (0.011) (0.036) (0.034) (0.033)
N=5,483 N=6,042 N=6,406 N=5,302 N=5,484 N=6,185

An asterisk */** indicates significance at the 10% / 5% level. Standard errors are given in brackets.

Source: EBB, own computations

6.3.2

Chance of being employed

Next, we analyse the probability of employment3&E graduates. Table 6.6 shows the results
of a probit analysis on the probability of havingph. The top panel compares S&E graduates
with all other graduates, the bottom panel comp&8#&as graduates with economic graduates.
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Table 6.6

Probit estimates of the chance of beinge  mployed (marginal effects)

Male Female
1992 1997 2002 1992 1997 2002
Compared to all other graduates
University S&E graduates 0.01 -0.02* - 0.02** 0.04 -0.05 -0.03
(0.013) (0.012) (0.011) (0.042) (0.036) (0.030)
N=3,066 N=2,985 N=3,268 N=1,360 N=1,575 N=1,948
HBO S&E graduates -0.02* - 0.02** - 0.03** -0.03 -0.13* -0.13*
(0.009) (0.010) (0.009) (0.036) (0.032) (0.030)
N=5,483 N=6,042 N=6,406 N=5,302 N=5,484 N=6,185
Compared to economic graduates
University S&E graduates 0.002 - 0.03* - 0.03** 0.01 - 0.09** - 0.06*
(0.015) (0.015) (0.013) (0.051) (0.046) (0.039)
N=3,066 N=2,985 N=3,268 N=1,360 N=1,575 N=1,948
HBO S&E graduates -0.02 -0.02* - 0.03** 0.004 - 0.13* -0.13*
(0.012) (0.013) (0.011) (0.038) (0.035) (0.033)
N=5,483 N=6,042 N=6,406 N=5,302 N=5,484 N=6,185

An asterisk */** indicates significance at the 10% / 5% level. Standard errors are given in brackets.

Source: EBB, own computations

6.3.3

As in Table 6.5, we find that most estimates hawegative sign, which means that the
probability of having a job is lower for S&E grades than for other graduates or economic
graduates. In addition, the probability of employtier S&E graduates has become more
negative which means a deterioration of their laboarket position. This holds for the
comparison with all other graduates but especfaliyhe comparison with economic graduates.
As with the previous indicators, we find that tabdur market of S&E graduates is becoming
less tight when compared to other graduates.

Working time
If the demand for S&E workers is strong, they miglotk more hours per week, on average. In
Table 6.7 we estimate the effect of different fietd study on the amount of hours worked
controlling for age. We only look at the sample=oiployed workers. Again, the top panel
compares S&E graduates with all other graduateshdittom panel specifically looks at the
difference between S&E graduates and economic gtadu

The picture in the top panel is mixed. Male S&Edyrates at the university level work less
hours than other graduates; at the HBO level S&klgates, and especially female graduates,
work more hours. Compared to economic graduatesiwiie consider a more adequate
control group, S&E graduates at the university levark less hours and there is no difference
at the HBO level. As with the previous indicatos® do not find evidence for a tight labour
market for S&E graduates.
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Table 6.7 Working hours per week of S&E graduates

Male Female
1992 1997 2002 1992 1997 2002
Compared to all other graduates
University graduates -1.11% - 1.48* - 1.26%* 1.18 1.35 0.81
(0.35) (0.36) (0.50) (1.09) (0.85) (0.96)
N=2,646 N=2,631 N=2,901 N=1,023 N=1,246 N=1,572
HBO graduates 0.67** 0.84** 1.02** 2.11** 1.43* 2.14**
(0.22) (0.24) (0.32) (0.84) (0.79) (0.88)
N=4,636 N=4,942 N=5,438 N= 3,343 N=3,619 N=4,522
Compared to economic graduates
University graduates - 1.26** - 1.57* - 0.92** -1.25 -0.93 - 1.96**
(0.43) (0.42) (0.38) (1.21) (0.96) (0.80)
N=2,646 N=2,631 N=2,901 N=1,023 N=1,246 N=1,572
HBO graduates 0.12 0.14 0.04 -0.24 -0.45 -0.98
(0.27) (0.27) (0.25) (0.89) (0.84) 0.72)
N=4,636 N=4,942 N=5,438 N= 3,343 N=3,619 N=4,522

An asterisk */** indicates significance at the 10% / 5% level. Standard errors are given in brackets.

Source: EBB, own computations

6.3.4 Vacancies
The number of vacancies available for each typgraduates completes the analysis of the
labour participation of S&E students. The vacamzdeik represents the number of (difficult to
fill) job vacancies corrected for the total emplaymhper sector of education. The index is
computed using data from the CBS Vacancy survey neyears 1996-2002. Figure 6.1 and
6.2 show the evolution of the vacancy index for Sggduates compared to all graduates and
compared to economic graduates.

Figure 6.1 Vacancy index for HBO graduates, difficu It to fill vacancies, 1996-2002
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Source: CBS vacancy survey
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Figure 6.1 and 6.2 show that the vacancy rate&f aduates are at about the same level as

the vacancy rates of all other graduates. In aafdithe vacancy rates of economic graduates

are higher, both at the university level and atHIRE level. This is in line with our previous

findings that there had been a large

r demand fon@uic graduates than for S&E graduates

over this period. The same pattern is found if @eklat all vacancies. Hence, vacancy rates for

S&E graduates do not suggest a tig

ht labour market.

Figure 6.2 Vacancy index for university graduates, difficult to fill vacancies, 1996-2002
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7

Forecasts

Labour market forecasts indicate that the expedmiand exceeds the expected supply for almost all

types of higher education, including S&E graduafdss is driven by the ageing of the labour fortke

predicted vacancy rate in S&E studies is lower tmeome other disciplines. As a consequence, rharke

forces may be stronger in attracting students aratigates to non-S&E types of education and jobs.

The previous sections dealt with statistical datasich are by definition concerning past
development. However, also given the ambitionsignDeltaplan, it is useful to try and get in
inside in future developments. What can we expedhe labour market for knowledge workers
in the coming years?

The most recent forecasts for the labour mark#iemext years can be found in ROA
(2003). Forecasts are made for specific occupatodsypes of education. The ROA forecasts
are based on a confrontation of the expected nuoftethool leavers with the expected change
in demand (replacement and enlargement of work&hs.outcome of this confrontation is
translated in the so-called ITKP indicatordicator toekomstige knelpunten in de
personeelsvoorziening naar opleid)n@his indicator characterises the hiring problerhs
employers. A low score indicates large hiring peols, a high score indicates that the supply of
workers is larger than demand. Table 7.1 showsnib&t recent forecasts. The second column
shows the expected new demand of workers throughcagase in activities or a replacement
of older workers. The third column shows the expeéetumber of new entrants to the labour
market (including short term unemployed, as theypart of supply) and the fourth column
shows the difference between demand and supply.

Table 7.1 Supply and demand 2003- 2008 per type of  higher education

Type of education (1) Demand (2) Supply (1)-(2) Share of em- ITKP-
ployment 2002 indicator®

Higher vocational education

Science and engineering 61,200 49,400 11,800 - 5% 0.99 Large

Economics 62,000 81,200 -19,200 + 4% 1.05 Some

Education / social cultural 161,300 105,600 55,700 -10% 0.97 Large

Medical 43,300 23,000 20,300 -16 % 0.92 Large

University

Science and engineering 29,700 18,400 11,300 - 8% 0.92 Large

Economics 52,600 42,100 10,500 - 5% 0.93 Large

Languages / social cultural 48,400 29,600 18,800 -11% 0.95 Large

Medical 13,900 12,600 1,300 -1% 0.99 Large

& Indicator of future bottlenecks in staffing by education. An ITKP smaller than 1 indicates expected future hiring problems.
Source: ROA (2003), p. 36, 39, 61
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The forecasts in Table 7.1 show that expected ddrmarscience and engineering workers
exceeds expected new supply of these graduatesh®lis both for higher vocational and for
university education. This unbalance of supply dethand is, with one exception, also
predicted for all other types of education. Espigian the education and medical sector at the
higher vocational level, there are large gaps betwhe expected supply and demand.

The driving force behind these unbalances is tieénggof the work force. In most education
types, 75 % of new demand originates from the pepteent of older workers. The main
conclusion from these forecasts is that expectathdd exceeds expected supply for almost all
types of higher education. The ageing of the lalforae will lead to absolute shortages of
workers everywhere.

In this sense, the figures in Table 7.1 are nog idprmative. No policy can solve absolute
shortages. It is more informative to look at refatshortages because it is the relative supply on
the labour market that determines relative wageslagreby influences enrolment decisions
and choices of job type. The fifth column in TaBlé shows the differences between demand
and supply as a share of total employment in 28G2particular type of higher education.
These numbers could be labelled as the ‘prediciedncy rate’. The predicted vacancy rate in
S&E studies is lower than in some other studidso#t levels of higher education. As a
consequence, we may expect that market forcegrarger in attracting students and graduates
to non-S&E types of education.

Despite the fact that the absolute demand for Stddgates exceeds the absolute supply, it
is plausible that the relative demand for S&E gedds, and the relative demand for R&D
workers, will fall. This could further underminectivage prospects of S&E graduates.
However, it remains difficult to draw firm conclesis from the figures in Table 7.1. The
forecasts are based on a large number of assurapkoninstance, adjustments in wages, in
activities of firms or in the hiring of employeeaot taken into account. The same holds for
drop-out rates, share of part time work etcetetdchvcould also be responsive to changes in
the wage level. In addition, it should be noted thase forecasts apply to the whole range of
activities done by S&E graduates. There are noragpéorecasts for supply and demand for
R&D activities. The previous sections showed thgdraximately one out of three S&E
graduates works in core R&D, suggesting that tle&rsts a large pool of S&E graduates not
working in R&D. Moreover, R&D is typically done byoung employees (Table 5.7). We might
expect that the demand for R&D workers will be lafscted by the need to replace workers
that are retiring.
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7.1 Student decisions in secondary education
As an indication of future flows, we can look at tthoice of pupils who are currently in
secondary school. In particular, we can check wdratiere are trends in the numbers of pupils
who choose ‘study profiles’ that allow entry int&ES degrees in higher education. If pupils no
longer enrol in these science study profiles, tHi@w into S&E studies will dry up.
Table 7.2 shows the allocation of students ovesthealled ‘study profiles’ in the two highest
types of secondary education. These profiles wdreduced in grade 4 of the school year
1999-2000. Students can choose out of four sepprafites: science & engineering (N&T),
science & health (N&G), economics & society andud & society. Moreover, they can
combine the science profiles and the society (il
Table 7.2 Subject profile in secondary education, s hare of total student population by grade (%)
Pre-university education (VWO) Higher general secondary (HAVO)
Grade 4 N&T N&G Combined Total N&T N&G Combined Total
1999 13 17 20 50 14 14 2 30
2000 12 19 18 49 14 15 1 30
2001 12 20 18 50 12 16 1 29
2002 11 20 18 49 11 16 1 28
2003 11 20 19 50 11 17 1 29
Grade 5
2000 16 24 6 46 14 13 0 27
2001 16 26 5 47 13 15 0 28
2002 15 28 4 47 11 16 1 28
2003 15 29 3 47 11 16 1 28
Grade 6
2001 16 24 3 43
2002 15 27 3 45
2003 15 28 3 46

Source: OCW (2004)

Table 7.2 shows that the share of students chodasirthe ‘exact profiles’ is rather stable or
slightly increasing (in pre-university educatiowithin this pool of ‘exact students’ there is a
clear trend: the share of students opting for t&d Igrofile is decreasing and the share of
students choosing for the N&G profile is increasiHgnce, health oriented subjects and
probably also health oriented studies are becomiog attractive and engineering seems to be
losing ground. This reallocation within secondagiyeation can have consequences for the
future supply of R&D workers. Is seems likely thia¢ specialisation of the supply of future
R&D workers will be more oriented towards healtuiss.
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8 The S&E puzzle

How can we explain that employers experience hiprablems when all our labour market indicators
suggest the opposite? The internationalisation &DRactivities may be a possible explanation. Wafgpes
Dutch S&E workers may be determined in an inteoratl labour market for S&E graduates. If the
international wage level is below the market clagrievel in competing parts of the Dutch labour kedy
firms will have problems with hiring Dutch S&E graates. Another explanation may be found in the
aggregation level of the data. In most of the asiglye focus on the whole sample of higher educa&dd
graduates. At a more disaggregated level the pictaight be different. In some disciplines it migdt
difficult for employers to hire graduates. In othdisciplines it might be difficult for graduatesfind a

job.

In the previous chapters we looked at a wide rarid@bour market indicators: vacancies,
unemployment rates, wages, labour market partiopand weekly working hours. The main
finding from this empirical analysis is that we wlat find evidence for a tight labour market of
S&E graduates. Instead, the data suggest thaalioeit market position of S&E graduates has
been weakening since 1996. This conclusion is basedcomparison of S&E graduates with
all other graduates. If economic graduates arentakecontrol group, most indicators show that
the labour market for economic graduates was tighieaddition, approximately one out of
three S&E graduates works in core R&D and thiseslhais decreased in the last decade. Our
results are in line with findings of a previousdstiby Groot and Plug (1999). Using data from
OSA labour market surveys over the years 1985-19@%, rejected the evidence of a shortage
of S&E graduates. They found that graduates inrexgging fields (including lower and higher
education) earned on average 10% less than nonesrgig graduates. They also find that high
educated non-engineering graduates have a higbbkalpitity of employment than high
educated engineering graduates.

Changes in relative demand

Our findings are remarkable considering the germratern for shortages of S&E graduates in
the last decade and the major divergence in sigipéydevelopments. Since 1975, the supply
of university graduates in economics has increage?ll8 % and the supply of HBO graduates
in economics has increased by 717 %. The increaS&E graduates in this period remained
below 50 %. This suggests that there have beengsforces at work on the demand side of the
labour market. Despite the large increase in redaupply of economic graduates we still find
that the labour market for these graduates isdighian for S&E graduates. This can only be
explained by a major increase in demand for ecoogmaduates. This strong demand for
economic graduates may also probably have affébheedupply of S&E graduates. Attractive
jobs for economists might have led students to sedor economic studies in stead of S&E
studies. This strong demand for economic graduatgkt also be part of the explanation for
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the low share of S&E-students. This picture ofldi®ur market developments also has
implications for policies which aim to increase thember of S&E graduates. The main
implication is that policy interventions have tongoete with strong market forces leading
students to other alternatives. The experiencheofast decades shows that these forces have
led many students to choose for economic professioraddition, the effects of these policies
might only be temporary as they can reinforce mafidees. For instance, if some policies
attract more students in S&E studies this may eseehe shortages of economic graduates.
These market forces limit the opportunities for gament interventions and raise questions
about the effectiveness of policy interventionsisTissue however, is not unique to government
policies concerning S&E graduates. The fact thadbour market indicators do not provide
evidence for shortages of S&E graduates posesAepiiow can we explain that employers
experience hiring problems when all our labour raaikdicators suggest the opposite?

Internationalisation

A possible explanation may be found in the intdomalisation of R&D activities and the R&D
labour market. The market for S&E graduates becam@® and more international as a large
share of R&D activity is done by multinational fismiT'his has major implications for demand
and supply of S&E graduates in the Netherlandsth@rone hand, Dutch firms have access to
an international supply of S&E workers and thid wilt a downward pressure on wages. On
the other hand, firms may relocate R&D activitiesountries with the largest comparative
advantage in doing R&D.

The analysis of demand and supply provides evid#ratehis process is happening. In
recent years we observe an increase of foreign @&HBuates in Dutch universities and private
R&D. At the same time the share of Dutch S&E graesiavorking in R&D has decreased by
8 %-points since 1993. Moreover, the share of Dgtelduates from higher education working
abroad is increasing, especially S&T graduatesésted in scientific jobs. This is in line with a
growing internationalisation of the market for S§Eaduates. As a result, wages for Dutch
S&E graduates will remain at the international l6ee S&E graduates. If this level is below
the market clearing level in competing parts of Bhetch labour market, firms will have
problems with hiring Dutch S&E graduates. In thate, they will have to substitute domestic
S&E workers with foreign S&E workers, even if thigplicates higher costs and more
uncertainty about the stability of the working teda.

The other side of this story is that firms will@ehte their activities if the dependence on
foreign workers becomes too large. The observdtiahDutch multinationals do not expand
R&D in the Netherlands but abroad seems in liné wits. In an international market firms
move their activities to countries with comparatagantages.

It seems clear that internationalisation is impatrta the market for R&D. In addition, the
labour market for S&E graduates seems more intemealtthan the labour markets for other
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higher educated workers. Nevertheless, it is redrdf internationalisation is the major
explanation of the S&E puzzle. For instance, ca@rirationalisation really explain that since
1996 wages of S&E workers compared to all othedggées have fallen by 5 % at the
university level and 3 % at the HBO level? Hentseems safe to conclude that
internationalisation may be part of the solutioritef S&E puzzle but we are not sure if this is
the whole story.

The level of aggregation of the data

Another factor that may explain the divergence leetwthe experiences of employers and the
empirical findings is the level of aggregation of @ata. In most of the analysis we focus on
the whole sample of higher educated S&T gradudtea.more disaggregated level the picture
might be different. In some disciplines it mightdi#icult for employers to hire graduates. In
other disciplines it might be difficult for gradestto find a job. Some empirical findings are in
line with this explanation. The analysis of wag#edéentials shows that at the higher vocational
level there is a large difference in the rewardsadénce graduates and transport graduates. In
addition, since 1991 the enrolment shares of sedeeiplines has changed substantially.

If this explanation is important, than the mainussvould be to improve on the match
between the supply and demand of S&E graduates.ditfiers from the current policy targets
aimed at increasing the number of S&E graduateEais.

It is also questionable whether government policas be effective in improving the match
between supply and demand. It is well known thainges in specific labour markets are
difficult to predict. Market signals are expectedde superior to ‘manpower planning’ by the
government. Policies that focus on the design efctirriculum may be more successful. A
broader curriculum could increase the number oflichies for specific jobs. The benefits of
these policies should be weighted against the @o$esms of the loss of specialisation.
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9

Policies to foster R&D

The choice between supply side and demand siddgsotiepends on the degree of government failure in

stimulating R&D activity. Demand side policies alieectly targeted at increasing R&D activity whesea

supply side policies generally are not. Supply sidlesidies will leak away if S&E students will not

graduates or will not enter R&D jobs. As a resultlee internationalisation of R&D production domiest

S&E workers have to compete with a growing infllifooeign S&E workers. This makes it less attragtiv

to enrol in S&E studies which undermines the eiffestof supply side policies.

9.1

An increase of R&D activities seems desirable gitrenevidence on spillover effects of R&D
production. Currently the government uses a vaoéfrograms which may stimulate R&D
such as, tax credits for R&D personnel (WBSO) thiate the demand for S&E graduates,
education subsidies to increase the supply of S&lfgates and recently the ‘Delta plan
beta/technology’ which includes supply and demauiities (see also section 2.2.1). The
guestion is which measures are most effective dmpting investments in R&D. Is it more
effective to stimulate the supply of S&E studentshe demand for R&D?

This section attempts to shed light on this quedtip analysing the consequences of demand
side (which are aimed at the employers side ofitagket) and supply side policies (which are
aimed at the employee side, i.e. the graduatejt, ke analyse on a more abstract and
theoretical level how subsidies on the demand apglg of R&D activities will affect the
equilibrium level of R&D where the interaction oémhand and supply is explicitly taken into
account. As we shall see, ignoring the interactietween demand and supply may lead to
misguided policy advice. Second, the analysis abus policies should not only take into
account direct market responses but also the ieidjoe unintended) effects. Some policies may
feature little additionality and result in more stitution and crowding out effects than others.
Hence, government failure is potentially importaminany policy measures, and policies to
foster R&D are no exception to the rule. Third, peg/ attention to the consequences of the
globalisation of R&D production for the choice been supply and demand policies.

Stimulating supply or demand?
In order to evaluate the effectiveness of R&D prangpsubsidies, it is important to know how
much more R&D will be generated. That is, whethaigies will have sufficient additionality.

The total effect of R&D policies depends on therattion between the demand and supply
sides of the market.
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Figure 9.1
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To illustrate this point, we consider a simple itecidence model of the market for R&D
personnef? Assume that the supply of R&D workers is increasing in the net inconwsof

R&D workers:Lg(Wy), with L' > 0. Policies that promote the supply of S&E werk— such as
bonuses for S&E students — increase net incom8g&gfworkers. Assume that net incomes are
given by market waged/ plus government subsidieS; @s a percentage of the net-wage) to
promote the supply of R&D workergs, = W(1 +S). Similarly denote the demand for R&D
workersL® which is a decreasing function of producer waggsl 4(Wy), with Ly < 0. Demand

for R&D workers may be subsidised at r&eAs such we can writédly = W(1 —S)). The
equilibrium in the market for R&D workers is foumdhere demand equals supply:

L = LgW1 - Sy)) = LW +S)). Figure 9.1 illustrates.

The labour market for R&D workers

Key: Equilibrium in the market for R&D workers is found at point A where the demand curve Lq and supply curve L intersect.
An increase in subsidies on the supply of R&D workers shifts the supply curve out from L to Ls’ and the new market
equilibrium is found at B where wages are lower and total R&D activity is larger. An increase in subsidies on the demand for
R&D workers shifts the demand curve from Lq to Ly" and the new equilibrium is found at C where wages will be higher as
well as R&D activity.

What happens with the equilibrium level of R&D attiy if, starting from an initial situation,
we increase the demand or supply side sub&dgr(S) with one percentage point? If we
assume for the moment that the market for R&D persbis perfectly competitive and both
employers and workers are price-takers, then wdindrthe following expressions for the
percentage change in the equilibrium level of R&Bptoymentl = dL/L and wagesv = dW/W
in response to a percentage change in the subsidiadS/(1 - S;,) andss=dS/(1 +S):

%2 see also Fullerton and Metcalf (2004) for a general discussion on tax incidence.
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whereeq = “WyL4'/Lg > 0 andss = WiLs/Ls > O denote the (absolute) wage elasticities of
demand and supply, respectively.

The equilibrium amount of R&D activity (as measulgdhired R&D workers) increases
identically for a 1% increase in subsidies on thmdnd side and a 1% increase in subsidies on
the supply side. Hence, it does not matter whethbsidies are given to the demand or to the
supply side of the R&D labour market for the t@aiount of R&D carried out in a competitive
economy (although it does matter for wages). Boeghiraprinciple equally potent channels to
boost R&D.

The effectiveness of R&D policies to generate additl R&D is determined by the
elasticities of both the demand and supply sideutjin the factoesed/(eq + &5). Clearly, if either
one of the sides of the market is completely in&lds; = 0 ores = 0) any policy is impotent to
increase R&D activities. Further, the larger thedarct of the elasticities relative to the sum,
eqged (g4 * €5), the more effective R&D policy is to generate iiddal R&D. This implies that if
either one of the elasticities increases, the impgpolicy on the equilibrium level of R&D
increases as well. Therefore, the impact of R&Dqgied goes up if the sum of demand and
supply elasticities increases. The conclusionas both the elasticities of demaadd supply
are crucial in determining the effectiveness ofgyolo boost R&D. One cannot look at one
side of the market in isolation.

To summarise, in order to determine the effectigsrad policy to promote R&D it is
important to know how much the equilibrium levelR&D responds to policies. In a
competitive labour market it does not matter whiethe supply or demand side of the market is
stimulated. If either one side of the market is ptately inelastic any policy is ineffective.
Therefore, we need to know whether the elasticgfedemand and supply for R&D are not

equal to zero.

The elasticity of demand for R&D

The demand for R&D is determined by wages of R&Drkees, but also by the costs of
machines, laboratories and so on. Nevertheless wagts constitute the bulk of total R&D
expenditures. Hence, demand for R&D is indeed ingmtly affected by wage costs of R&D
workers. Cornet (2001) finds that the demand folCR&to a certain extent quite elastic. His
findings suggest that the elasticity of R&D witlspect to the WBSO subsidy is at least 0.4 for
small firms in the unfavourable scenario and att8ds for big firms in the favourable
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scenario. These findings are in the ballpark ofieica findings>® Hence, a unit demand
elasticity of R&D with respect to wages of R&D, seeempirically plausible. Then a 1%
decrease in wage costs generates a 1% increaesenand for R&D workers.

The elasticity of the supply of R&D workers
The supply elasticity of R&D workers is driven hyee decision margins. First, individuals
decide upon how many hours to work. This isitliensivelabour supply margin. Second, on
the extensivdabour supply margin, individuals decide whetleestipply their labour in R&D-
related jobs or in other jobs. The third labourgypnargin is whether to enrol in S&E
education or not. Elasticities of labour supplytba intensive margin are typically small.
Goolsbee (1998) estimates the (uncompensated) elaggcity with respect to hours worked
for US R&D workers and finds elasticities in theler of 0.1 — 0.2. These figures imply that
hours worked in R&D will increase with 1 — 2 % fmwage increase of 10 %. These estimates
of the labour supply elasticity are typically fouimdmicro-econometric studies of labour
supply, see also Blundell and MaCurdy (1999). kdakts of labour supply on the extensive
margin are probably larger. Unfortunately, empireédence for the elasticity of the supply of
labour in R&D-jobs is not available. Ideally, we wd like to know how much the supply of
R&D workers increases when wages for R&D workecseéase relative to other occupations.
However, from the empirical literature we do kndhattthe extensive margin for the decision
whether to participate on the labour market or isatypically much more elastic (Saez, 2002).
Empirical estimates of these elasticities are éndtder of 0.5 — 1. In the long run, the decision
whether to pursue an S&E study is important as.widhce, the elasticity to enrol in (S&E)
education is important here. In general, the pelesticity of the demand for higher education is
low (CPB, 2003). However, we do not know whethés thw elasticity also applies to
subsidies which aim to make S&E education moraeitiire relative to other studies. In
addition, the effectiveness of school projects aimechanging educational decisions, such as
intended in the current Delta plan Beta/technoldgg not been analysed in studies which use a
credible evaluation design. As such, there is edibfte evidence on the elasticity of the
enrolment in S&E studies. A recent study by Ryo Reden (2004) shows that the supply of
S&E workers adjusts with some delay to changeslative wages. Hence, this study suggest
that the supply of S&E graduates is not equal to.ze

Although the evidence on the elasticities is fragile may conclude that demand and supply
for R&D are not completely inelastic. This meamsttR&D policies can increase domestic
R&D activity.

% This can be computed as the change in R&D (as a percentage of total R&D investments) after the WBSO was introduced.
In the most favourable scenario this was 22% and the least favourable scenario this was 12%. The decrease in total costs of
R&D has been at least 6% for big companies who mainly benefit from the marginal subsidy of 14% for R&D personnel and
potentially increasing to 30% for small firms who benefit from the 40% subsidy on the initial 90 thousand euro wage costs
(assuming that total wage costs are 50% of total costs of R&D in big firms and 75% in small firms).
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9.2

Government failure

Whether the government should intervene to stiredR&D activities by means of R&D
subsidies depends on the balance between the tseswedi costs of such intervention. Wage
subsidies for R&D personnel or education subsiftie S&E students may appear equivalent in
boosting the aggregate level of R&D as we have shiovthe previous section. The equilibrium
level of R&D is not affected by which side of therket receives the subsidy.

However, if the government is going to interven¢hi@ market on the basis of these insights,
we will have to take into account so called govegntrfailures. It may not always be possible

to design policies at reasonable costs which eviegttarget the goal of the policy. So what

mix of demand and supply side policies to choorgially depends on the government failures
involved in both subsidies on the wage costs foDR&orkers and subsidies on S&E

education. A substantial part of subsidies migiakl away’ due to lack of additionality,
substitution effects and fungibility problems. Tagsoblems are present both with subsidies on
the demand for R&D and the supply of R&D workemse(glso Cornet, 2001):

Lack of additionality This is related to a low elasticity of demandsopply. If the elasticity of
demand for R&D is lower, more subsidies are givefirtns and projects which would have
conducted R&D in the absence of subsidies. In otfeeds, subsidies generate no additional
R&D. We have seen above that the demand for R&D to@pme extent be quite elastic. At
the supply side, subsidies on S&E education wilintyebenefit the graduates who decides to
enrol anyhow.

Substitution Subsidised R&D activities generally replace R&iaties which are not being
subsidised. For example, stimuli on R&D productiend to focus solely on ‘hard’ innovations,
i.e. technological innovations. This may come at¢bst of non-technological innovations like
innovations in services (for instance in fieldeltrategy, marketing or organisation). These
‘soft’ innovations can be potentially carried oytiton-S&E graduates like economists or
jurists. Indeed, focusing too much on R&D would Iyna shift of (human) resources away
from soft innovations. This is especially true dtb activities call upon the same occupational
group. At the supply side, heavily subsidised S&Haation may attract too many marginal
students who have no socially beneficial R&D capespects.

Higher wageslf the supply of knowledge workers is inelastiabsidising R&D activities leads
to higher wages rather than additional R&D actgtiAs we have shown, labour supply may
not be completely inelastic in the short-run. Thersrun elasticity is roughly equal to the long-
run elasticity if the Dutch labour market remaifssed to foreigners. In the long-run, and in the
absence of foreign supply of R&D workers, 25% afr@ased subsidies may leak away due to
higher wages (Cornet, 2001).
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Figure 9.2
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Fungibility (a labelling problem). Companies can charge cobtshwhave nothing to do with
R&D as if they were R&D expenses, and thus beldkgior a subsidy. A reported increase in
R&D might in fact only be a re-labelling of old adties. Empirical work suggests that this
problem may be substantial and about 10% of tatdhgs on R&D subsidies leak away on that
account. In fact, re-labelling might also occurhadictivities that were R&D in the first place,
but not labelled as such before the subsidy omeentive. At the supply side, higher
educational institutions may engage in re-labelbfhgducational costs between fields of study
so as to attract more funds from the central gawemt if the government decides to heavily
subsidise S&E education.

Hence, government failure is important for bothssdising the demand and supply of R&D
activities. Both demand and supply side policiey swu#fer from lack of additionality,
substitution, and fungibility problems. Based orpéinal evidence it is not clear which policy
suffers most from these problems. However, theomésimportant difference. Demand side
policies are directly targeted at increasing R&Ehdity whereas supply side policies generally
are not. Several steps have to be taken befordyssipe policies, like school projects aimed at
changing educational decisions, translate intonarease of R&D. This is illustrated in Figure
9.2 which shows the supply chain from universityH®0 to R&D-jobs.

The supply chain from university to R&D
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9.3

About 40 % of all S&E graduates finds a job in R&fence, subsidies on enrolment in S&E
studies are not well targeted and about 60 % leales in the supply chain. This leakage of
resources will be smaller if S&E graduates, whandbenter R&D jobs, enter jobs which are
also characterised by spillover effects. Howeuss,dxternal effects of S&E graduates in other
jobs are unknown. Demand side polices, in contfacts directly on an increase in R&D-
activity. In addition, the time between the subsiahgl the increase in R&D is much smaller for
demand side policies than for supply side polidies.the latter to be effective it takes at least
several years because graduating from S&E studiesttime.

The main conclusion is that demand side policiespaeferable to supply side policies
because they are more directly targeted at ingrga®&D activity.

The internationalisation of R&D production

R&D becomes more and more an international actavity the market for S&E workers
increasingly becomes a global one. On the one Hauith firms have access to an
international supply of S&E workers. On the othandi, firms can relocate R&D activities to
countries with the largest comparative advantagiding R&D. This internationalisation of
R&D production will lead to an efficient relocatiaf S&E workers and R&D firms. What does
this mean for the effectiveness of demand and sypgicies which aim to increase domestic
R&D?

In general, international forces can change thgtieldes of demand and supply for R&D
which changes the effectiveness of policies (segmel0.1). For instance, opening up
international labour markets for R&D workers wilbke it easier for firms to actually find such
workers if demand increases. This increases tieetaféness of a subsidy on the demand for
R&D. Another consequence of the internationalisatibthe supply of R&D workers may be
that domestic supply side policies become less®ff Suppose that the government wants to
make S&E education more attractive relative to ogitedies. As a result of the
internationalisation domestic S&E workers havedmpete with a growing influx of cheaper
foreign S&E workers. The growing competition ofdayn workers makes it less attractive to
enrol in S&E studies which undermines the effectass of supply side policies. And even if
students enrol in S&E studies, they may not takédR@&bs if other jobs are more attractive, in
term of wages or other aspects. If internationttiseof R&D production causes the market
clearing wages for R&D workers to fall below th&tother professions, the only effective way
to stimulate S&E graduates to choose R&D jobs sulssidies thospbs
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Conclusions

This study started from the widely felt concernattshortages of science and engineering
graduates. These shortages can seriously liminttevative capacity of the Netherlands,
hamper growth of productivity and may call for pglinterventions. This study focuses on

three questions:

Why should the government intervene in the laboarket for science and engineering
graduates?

What do we know about supply and demand in the Diatigour market for science and
engineering graduates?

Which policies are the most effective in increadR@D-activity?

The need for government intervention

Unbalances between supply and demand can in plénegsolved by market forces. So why
should the government intervene in the marketd@ree and engineering graduates? The main
economic motive for intervention in this labour ketris that science and engineering
graduates are important in R&D activity. Many saslprovide evidence for spillover effects of
R&D-activities. From a societal perspective, firm#l under invest in R&D because they can
not fully appropriate the returns on their investiise Hence, government interventions that
increase R&D activities of private firms can raig@mestic wealth. Shortages in the supply of
science and engineering graduates may hamper Ré&idta@and this may damage the growth

of productivity of the economic process at largev&nment intervention in the labour market
for science and engineering graduates may bereafiti to internalise the external effects from
R&D-activity. The economic literature does not pdevevidence for spill over effects of S&E
graduates in other activities. This does not mhanthese effects are absent, but that we do not
know whether these effects occur.

The current labour market

Demand

The demand for science and engineering graduatef stems from public and private R&D
expenditures is quite stable. From the beginnintp@fL980s, the Netherlands spends
approximately 1.9 % of GDP on R&D. The five largatth multinationals are the key players
in private R&D (one third of total R&D employmenth the last 25 years their share of the
total R&D activities in the Netherlands decreadddreover, the Dutch share in their
worldwide R&D activities decreased. This is theutesf expansion of activities abroad and not
the result of a relocation of activities. At thergatime, other firms expanded their R&D
activities in the Netherlands.
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Supply

Since 1975, the number of graduates from highecathn has more than doubled. The share
of S&E graduates from university decreased from¥@ 1975 to 20 % in 2002. In higher
vocational education this share decreased from 22 2875 to 20 % in 2002. The lower shares
of S&E graduates mainly originate from a compositidfect due to the increased enrolment of
female students. The developments in the suppB8&df graduates sharply contrast with those
of graduates in economic studies. Their sharesbhp&%-points for university graduates and
25 %-points for graduates from higher vocationalcadion.

S&E graduates in R&D

In 2002 one out of three S&E graduates worked ne &&D. This share has decreased by 8 %-
points since 1993. R&D is primarily done by youngriters, 43 % of S&E graduates between
25-29 years works in R&D against 27 % of 45-55 gehrternationalisation is important in
public and private R&D. The share of foreign wokker public and private R&D is substantial
and seems to be increasing. On the other handhtire of Dutch graduates working abroad is
increasing, especially S&T graduates interestaésearch jobs. Compared to other countries
the Dutch shares on inflow and outflow seem reddyivow.

The interaction of demand and supply

To investigate the interaction of demand and supp§&E graduates we looked at a wide
range of labour market indicators: vacancies, unheynpent rates, wages, labour market
participation and weekly working hours. The maindfng from this empirical analysis is that
we do not find evidence for a tight labour markeE&E graduates. None of these indicators
suggests a tight labour market for science andheeging graduates in the recent past. Instead,
the data suggest that the labour market positid®&d graduates has been weakening since
1996. This holds both for a comparison with allestgraduates and specifically for a
comparison with economic graduates. Especiallyctianges in the wage level are remarkable.
The wages of S&E workers have declined compared tather higher educated workers since
1996. At the university level, the relative wagssition of S&E graduates deteriorated by 5 %
and at the HBO level by 3 %. In addition, since 4% wages of S&E workers with a
university degree have declined compared to theewaf economic graduates. While in 1979
the wage levels were about equal, in 1996 econgnaiduates earned 9 % higher wages. This
wage differential further increased to 12 % in 2002view of the differing developments in
the supply of graduates this is a surprising reshlth suggest that the demand for economic
graduates has been much larger than the demas&®igraduates.

Other explanations, like unobserved characteristic&E graduates, are less plausible since
the main finding is a change over time in the redatvage level of S&E graduates. A wage
differential between S&E graduates and economiduyates can be related to differences in
demand and supply conditions but also to other seted characteristics of S&E graduates,
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like skills in wage negotiations. However, thedatactors seem less relevant if we consider
changes in wage levels. If S&E workers are comparaber time non-observed characteristics
of S&E graduates can not explain the deterioratiotie relative wage position of S&E
workers.

The fact that these labour market indicators dgpnavide evidence for shortages of S&E
graduates poses a puzzle. How can we explain thlogers experience hiring problems when
all our labour market indicators suggest the ogp@si

The S&E puzzle: why do employers experience hiring problems?

A possible explanation may be found in the intaomatlisation of R&D activities. The market
for S&E graduates becomes more and more interratema large share of R&D activity is
done by multinational firms. This has major imptioas for demand and supply of S&E
graduates in the Netherlands. On the one hand hDiutas have access to an international
supply of S&E workers and this puts downward pressm wages because the wage level is
increasingly determined in an international mariet.the other hand, firms may relocate R&D
activities to countries with the largest compamtivantage in doing R&D. The analysis of
demand and supply provides evidence that thisriatemalisation process is going on. In
recent years we observe an increase of foreign @&H8uates in Dutch universities and private
R&D. At the same time, the share of Dutch S&E gedds working in R&D has decreased by
8 %- points since 1993. Moreover, the share of BDgraduates from higher education working
abroad is increasing, especially S&T graduatesésted in scientific jobs. This is in line with a
growing internationalisation of the market for S§Eaduates. As a result, wages for Dutch
S&E graduates will remain at the international ldee S&E graduates. If this level is below
the market clearing level in competing parts of Bhetch labour market, firms will have
problems with hiring Dutch S&E graduates. In thate, they will have to substitute domestic
S&E workers with foreign S&E workers, even if thigplicates higher costs and more
uncertainty about the stability of the working teda. The other side of this story is that firms
will relocate their activities if the dependenceforeign workers becomes too large. The
observation that Dutch multinationals do not expR&D in the Netherlands but abroad seems
in line with this. But this can also be relatedhntithe higher economic growth in other parts of
the world. In an international market firms moveittactivities to countries with comparative
advantages. It seems clear that internationaliséiamportant in the market for R&D. In
addition, the labour market for S&E graduates seemie international than the labour markets
for other higher educated workers. Nevertheless,ribt clear if internationalisation is the
major explanation of the S&E puzzle. For instamea internationalisation really explain that
since 1996 wages of S&E workers compared to a#roginaduates have fallen by 5 % at the
university level and 3 % at the HBO level. Hentsgems safe to conclude that
internationalisation may be part of the solutionhef S&E puzzle but we are not sure if this is
the whole story.
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The level of aggregation of the data

Another factor that may explain the divergence leetwthe experiences of employers and the
empirical findings is the level of aggregation of @ata. In most of the analysis we focus on
the whole sample of higher educated S&T gradudtea.more disaggregated level the picture
might be different. In some disciplines it mightdi&icult for employers to hire graduates. In
other disciplines it might be difficult for gradestto find a job. Some empirical findings are in
line with this explanation. The analysis of wagtedentials shows that at the higher vocational
level there is a large difference in the rewardsadénce graduates and transport graduates. In
addition, since 1991 the enrolment shares of sédeseiplines have changed substantially. If
this explanation is important the main issue wdédo improve on the match between the
supply and demand of S&E graduates. This diffevmfthe current policy targets aimed at
increasing the number of S&E graduates by 15 %.

Future shortages?

Labour market forecasts indicate that the expedtsdand exceeds the expected supply for
almost all types of higher education, including S&tldies. This is driven by the ageing of the
labour force. What will be the impact on R&D actyd First, R&D is typically done by young
employees. Occupations with a relatively young wiorke will be less affected by the
replacement demand induced by workers that améngetiAs such, the replacement demand for
R&D workers may be smaller than in other occupai@econd, the impact on R&D activity
will also depend on the changes in competing prtise labour market. Relative scarcity of
S&E workers in the future is more informative besmthis determines relative wages and
thereby influences enrolment decisions and chat@sh type. The predicted vacancy rate in
S&E studies is lower than in some other discipliaeboth higher vocational and university
education. As a consequence, we may expect th&etrfarces are stronger in attracting
students and graduates to non-S&E types of edurcdtiaddition, the internationalisation of
the labour market for S&E graduates will prevert Wages of S&E graduates to adjust to
changes in domestic scarcity, which may reinfoheedecrease of the relative demand for S&E
graduates. This could undermine the wage prospéS&E graduates even more.

Which policy is the most effective for increasing R &D-activity?

Spill over effects to other economic activitiesilegate government intervention to increase
R&D activity in the Netherlands. But what shoul& tovernment do? Which policies are the
most effective for increasing R&D-activity in theetterlands? The government can try to
increase R&D activities with supply side policieglavith demand side policies. Supply side
policies focus on increasing enrolment and gradnati S&E studies. Typical instruments are
financial incentives (lower tuition fees) or praigaimed to increase interest in technology (like
making R&D or research jobs more attractive) oprmmote the graduation rate in S&E studies.
Demand side policies focus on the demand for R&[piwate firms. Typical instruments are
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Figure 10.1
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R&D subsidies, like the WBSO. The choice betwegmpsuside and demand side policies
depends on the degree of government failure inusgitimg R&D activity.

Government failure

Not all government instruments are successfulatigimg the targets that are aimed for. This
so-called government failure is important for bstibsidising the demand and supply of R&D
activities. However, the effectiveness of demaude giolices seems to be much larger than the
effectiveness of supply side policies. The mairsogas that demand side policies are directly
targeted at increasing R&D activity whereas supgide policies generally are not. Several
steps have to be taken before supply side polikiesschool projects aimed at changing
educational decisions, translate into an incred&&M®. This is illustrated in Figure 1.1 which

shows the supply chain from university to R&D-jobs.

The supply chain from university or HBO to R&D
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Approximately 40 % of all S&E graduates find a jolR&D. Hence, subsidies on enrolment in

S&E studies are not well targeted and about 60&ksl@away in the supply chain. This leakage
of resources will be smaller if S&E graduates, wloonot enter R&D jobs, also enter jobs with
spillover effects. However, the external effectS&E graduates in other jobs are unknown.
Demand side polices, in contract, focus directlyanrnincrease in R&D-activity. In addition, the
time between the subsidy and the increase in R&Dush smaller for demand side policies
than for supply side policies. For the latter toelffective it takes at least several years because
graduating from S&E studies takes time. Demand galigies can not only increase R&D
activity but can also increase the attractivené&d studies.



International dimension

The internationalisation of R&D production will lé&o an efficient relocation of S&E workers
and R&D firms. What does this mean for the effestioss of demand and supply policies
which aim to increase domestic R&D? In generakrimational forces can change the
elasticities of demand and supply for R&D whichfg@s the effectiveness of policies. For
instance, opening up international labour market$Ri&D workers will make it easier for firms
to actually find such workers if demand increa3éduss increases the effectiveness of a subsidy
on the demand for R&D. Another consequence ofritermationalisation of the supply of R&D
workers may be that domestic supply side policexoime less effective. Suppose that the
government wants to make S&E education more aiteactlative to other studies. As a result
of the internationalisation domestic S&E workersdto compete with a growing influx of
cheaper foreign S&E workers. The growing compatitd foreign workers makes it less
attractive to enrol in S&E studies which undermitteseffectiveness of supply side policies.
And even if students enrol in S&E studies they maitake R&D jobs if other jobs are more
attractive, in term of wages or other aspectsitérnationalisation of R&D production causes
the market clearing wages for R&D workers to faldw that of other professions, the only
effective way to stimulate S&E graduates to chd®&® jobs is to subsidies thogabs

Policy options

The ‘Delta plan beta-techniek’ is a mixture of ivientions aimed at various targets. The main
motive for government intervention in the labourrked for S&E graduates can be found in the
spillover effects of R&D production. Hence, the mgrget of these government interventions
should be to increase R&D-activity in the Nethedsn

Define policy in terms of R&D objectives.

The case for demand side policies is stronger tiraicase for supply side policies. Demand
side policies are directly targeted at R&D productivhereas supply side policies are not. Even
if supply side policies succeed in increasing enmit in S&E studies, graduates might choose
not to work in R&D if other jobs are more attraetiHence, a large share of the supply side
subsidies will leak away in the supply chain. Thieiinationalisation of the labour market for
R&D workers further reduces the effectiveness chsolicies.

Be cautious with supply side policies, becauseetingight be a lot of government failure.

The government failure with supply side policiedl Wwe smaller if there are also external

effects of S&E graduates in other activities th&DRHowever, there is no empirical evidence
on this and there is also no empirical evidencexdarnal effects of graduates from other
disciplines. The empirical literature on labour glypsuggests that the elasticity of the decisions
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on the type of job and the number of hours worlsetigher than the elasticity of enrolment in
education. Policies that focus on more elastic margill suffer less from government failure.
Hence, the government failure will be smaller faerventions further down the supply chain
such as ‘attractive jobs’ and ‘attractive location’

The effectiveness of the current policy programit&aan beta-techniek’ can be enhanced by
increasing the emphasis on interventions furthevrdiine supply chain like ‘attractive jobs’
and ‘attractive location’. Instruments that focustbe most elastic margins of the decision on
the supply of laboutr working more hours in S&E jobs and on choosingveein working in
R&D and in other jobs (e.g. through special taxditeefor S&E workers) are the most
effective.

The current knowledge on the impact of supply &itlerventions is very limited. There is no
convincing evidence on the impact of various prigechich aim to increase enrolment and
graduation in S&E studies. Moreover, private firactively support these projects. A sensible
way to approach in this context could be to gerekabwledge on the impact of these projects.
This can be done by choosing experimental designthé various public - private initiatives
and evaluating their impact. If the government wisto stimulate supply with various projects
aimed at increasing enrolment and graduation in S&ifies:

Formulate policy measures in such a way that theybe evaluated and that credible evidence
can be generated on the impact of various projects.

For instance, to find out to what extent partidipain S&E courses can be boosted with
additional grants, a controlled experiment can dxeed In this experiment a randomly selected
group of final-year secondary school pupils is @fteadditional student grants, whereas a
control group is not. The effect of the additiosaldent grants can then be measured by
comparing the participation in technical coursethimexperimental group with the participation
in the control group.
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Appendix: Definitions and nomenclatures in the data sets

Definition of S&E fields using the SOI-1978 nomencl  ature

The Dutch Labour Market survey (EBB) distinguisfag fields of study in

higher education: 1) science and engineering, @amwics, 3) health care and 4) others and
unknown. This distinction uses the SOI-198ahdard Onderwijsindeling978)
nomenclatur&. In the SOI nomenclature, the first digit repreégte level of education

(5 indicates higher vocational education, 6 indisatniversity and 7 indicates post-university
degrees). The second and third digit describeighe ¢f study. The Dutch Labour Market
Survey categories are constructed as follows (Wher&SOIl humbers indicate the second and
third digits):

Science and Engineering: SOI 20-49, i.e. agriceltarathematics and physics, engineering,
transport.

Economics: SOl 60-66, i.e. economics, trade andridtration, law and management.
Health care: SOl 05-16 (pedagogics, humanitiegltgy), SOI-50-54 (medical and
paramedical), SOI 70-93 (socio-cultural fields,qoeral and social care, art, public order and
security)

Others: SOI 00-01 (general education) and SOI 9&efiers, unknown).

Further, the EBB combines the 1st digit levels @ amwithin the university level. To conclude,
S&E fields in the Dutch Labour Market survey inatuglgriculture but exclude medical
sciences.

In the LSO dataset, 5-digits SOI-1978 nomenclataresused to indicate the type of education.

We construct the dummy variables using the sanssifieation as the EBB.

The data

The report draws from a various number of datacsjrranging from basic statistics from the
Statistics Netherlands (CBS) to two large survels) from the CBS. The latter two are used
for econometric analysis, in chapter 6. The fisladset is the Wage Structure Survey (LSO, or
Loon Structuur Onderzogkvhich is our main source for wage data. The L86ta@ins, among
others, individual data on wages, education, ingluestd job characteristics and data such as
gender and age of the respondent. The wage datdbti@ed partly through the yearly survey
on employment and wages among firrBaqguéte naar Werkgelegenheid en LQreerd partly
through administrative sources on insured pedpéezekerende Administrati¥ZA).

% The SOI-1978 nomenclature was originally closely related to the international ISCED nomenclature, but less so since it
was revised twice (in 1998 and 2003). See for more information CBS (2003).
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Unfortunately, the LSO is not an annual data ské most recent LSO available contains data
over 2002; the LSO prior to that dates back to 199& also use data from the surveys of 1979,
1985 and 1996 and focus on individuals betweenmntiecd years old.

The second source is the yearly Labour Market suftee EBB, or thdenquéte
Beroepsbevolking This data set contains many indicator of anviadials’ position on the
labour market, like employment status, number afrbavorked, etcetera. The drawback
however is that it does not contain wage data. ¥éctine EBB for analyses of indicators such
as participation rates.

In addition, we use data of the vacancy surveytafi§ics Netherlands and forecasts by
ROA.
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