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. Introduction

Public debate increasingly is acknowledging the role of univer-
ities as strategic actors in the creation and diffusion of knowledge.
olicy debate, however, often is based largely on country level
tatistics, country level scoreboards, and some international rank-
ngs of universities based on a few variables. Higher education and
cience and technology (S&T) policy scholars have warned system-
tically about the risks associated with aggregate data covering
ighly heterogeneous and policy-dependent institutional systems;
evertheless, the gap between detailed qualitative and compar-
tive studies and aggregate statistical analyses is growing. This
ituation is unfortunate.

In this paper, we propose a quantitative approach that charac-
erizes the main features and functioning of European universities
sing internationally comparable micro data on individual units.
ntil recently, such a ‘micro’ approach was difficult due to lack of
omparable international data on individual universities in Europe.
ur study exploits a new and detailed database, built within the
U Aquameth (Advanced Quantitative Methods for the Evalua-
ion of the Performance of Public Sector Research) Project, carried
ut under the PRIME Network of Excellence (6th Framework Pro-
ramme). The Aquameth database integrates micro data, available
t the level of the individual university, for 11 European coun-
ries, based on census information, covering the period 1994–2005.
ll university institutions in all 11 countries are included, which
vercomes the intrinsic limitations of information based on highly
eterogeneous populations and small numbers. These micro data
re built using administrative information extracted from various
fficial national sources not usually available to researchers. Unlike
fficial country level statistics produced by the OECD or Eurostat,
his information is not based on a common definitional methodol-
gy. The difficult task of making it comparable ex post was achieved
hrough extensive, expert examination of all administrative defini-
ions and empirical evidence available, conducted by the Aquameth
eam in 2004–2007.

Existing empirical evidence comes not from primary (survey)
ata collected by universities, but from secondary data, available
t national ministry or some other institutional level; it is not pub-
ished and/or is not comparable across countries. The Aquameth
roject wanted to explore the availability, accessibility and com-
arability of data, and the feasibility of constructing an integrated
uropean level dataset. Countries were selected based on the
imple criteria of availability and accessibility of secondary data
or research. In the first round, Aquameth 1, six countries were
elected: Italy, Norway, Portugal, Spain, Switzerland and the UK.
quameth 2 extended this list to include France, Hungary and the
etherlands. The consolidation round consisted of the inclusion of
ermany and Finland and data completion for the other countries.
he evidence reported in this paper is based on the final updated
atabase built on these 11 countries, covering 488 universities.

The main objective of the paper is to characterize the diversity
f the European university system and to propose a first (rough)
nterpretation of the position of individual universities in the Euro-
ean landscape. Our accomplishment of this goal is dependent on
he availability and quality of the data. The paper provides an evi-
ence based interpretation of the current position of European
niversities in the international competition. In what follows, we
how their position in terms of their creation, size and growth,
orizontal and vertical diversity and pattern of differentiation. We
xploit the potential of boxplot representations by comparing the

ange, median and quartiles of the variables distributions within
nd across countries.

This paper draws on and completes previous exploratory analy-
es (see Bonaccorsi and Daraio, 2007) of a sub-sample of countries
nd variables, and focuses on characterizing the European univer-
icy 40 (2011) 148–164 149

sity system. The paper is structured as follows: Section 2 briefly
discusses some of the most recent policy issues related to univer-
sities in Europe. Section 3 introduces the theoretical background
and the main research questions, setting the scene for the empir-
ical analysis. Section 4 describes the methodological framework
used for the construction of the integrated database, presents
the Aquameth dataset and discusses various comparability issues.
Sections 5 and 6 present the empirical evidence and Section 7 con-
cludes by summarizing the main results and calling for structural
action at European level, to conduct a systematic integration and
build a coherent micro database of European universities.

In the companion online Appendix to this paper, we provide
some detailed tables, the main sources of information by category
of data, and the structure of the Aquameth database. This Appendix
is available at the PRIME website (http://www.prime-noe.org/) in
the Aquameth project section. It is intended to contribute to the
building of more accurate data in the future.

2. The policy debate on European universities: towards
more evidence-based discussion

Universities suddenly have become the focus of intense aca-
demic and policy interest across Europe. On the academic side,
universities are increasingly the subject of comparative science pol-
icy and economic (Geuna, 1999; Kyvik, 2004; Van Vught, 2004;
Masten, 2006; Vincent-Lancrin, 2006; Dewatripont and Thys-
Clement, 2008) as well as econometric analysis (Marsh, 2004;
Ehrenberg, 2004). On the policy side, a large number of contribu-
tions from various international organizations, such as the OECD,
propose future scenarios for higher education (OECD, 2006) and
draw attention to the need to increase investment per student
(Boarini et al., 2008). The European Commission has finally included
universities on the perimeter of its policy, and has produced sev-
eral ambitious communications (EC, 2003, 2005, 2006), which were
included in the Green Paper on the European Research Area (EC,
2007a,b). This paved the way to an ongoing and comprehensive
strategy supported by several High Level Expert Groups, and several
research projects. According to the European Commission, ‘Euro-
pean universities are not at present globally competitive’ (EC, 2003,
p. 2), mainly because they are over-regulated by Member States,
underfunded and inflexible (EC, 2005), with the consequence that
they are ‘generally good on average, but with a very limited base
of universities at world level’ (EC, 2007a,b, p. 3). This umbrella
diagnosis provoked heated debate. The European University Asso-
ciation mandated several policy reports challenging this view (EUA,
2005a,b, 2007), and the League of Research Universities produced
a position paper (LERU, 2006).

It should be noted that this interest has been spurred, at least
in part, by the publication since 2003, of international university
league tables or rankings. Despite their glorious history, European
universities are not ranked high, particularly in tables based mainly
on research output. Rankings have a number of limitations, which
have been discussed and criticized in the specialist literature (van
Raan, 2005; Dill and Soo, 2005; Frey and Rost, 2008; Harvey, 2008),
and can be extremely misleading, as stated in the Berlin princi-
ples (CHE, 2006), but are appealing because they save on scarce
resources. However, they have generated intense academic and
policy debate: several policy papers have called for a radical reform
strategy (Jacobs and van der Ploeg, 2006; Thissen and Ederveen,
2006; Van der Ploeg and Veugelers, 2008; Aghion et al., 2008).
It is interesting that one of the recent policy papers, which sum-
marizes some of the available evidence on European universities,
suggests that ‘perhaps the most important conclusion for policy
making at this stage is to invest more in data and analysis’ (Van der
Ploeg and Veugelers, 2008, p. 100). In sharp contrast to this rec-

http://www.prime-noe.org/
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mmendation, to a large extent, debate has been based on a quite
imited empirical base. Most discussion is based on macro-level
ata produced by the OECD, UNESCO and the European Commis-
ion or – more recently – on existing national and international
ankings. This is a major limitation because there are large num-
ers of universities in Europe (of the order of dozens per country),
hat are very diverse and very interdependent. To an extent, it could
e said that there is no such animal as a ‘European university’.

. Theoretical background and research questions

As already noted, theoretical and empirical debate on the future
f the university sector in Europe is wide ranging. It has been fos-
ered by an increase in national government policy reforms and, for
he first time in the history of European integration, by the active
nvolvement of the European Union and its institutions, namely the
uropean Commission. It is our contention that there is no sound
mpirical and comparative base to most of this debate. In most
ases, discussion is on the basis of conceptual reconstructions of
argely qualitative historical and descriptive accounts of national
ituations. Aggregate statistics (usually national level) on education
r research are offered as support to these narrative reconstruc-
ions. In a few cases, statistical evidence is available, on samples
f universities whose representativeness is rarely discussed with
ny seriousness. In general, most the policy debate is oblivious to
etailed empirical knowledge.

The Aquameth database, which is described below, is the first
arge enough sample of comparative data to properly address some
f the most relevant policy questions. Although the best data avail-
ble to give empirical content to the investigation, they are only a
reliminary effort towards creating a proper data infrastructure for
he development of evidence based policy at European level.

Comparable data on individual universities allow us to shed light
n the process of new university creation, the size distribution of
niversities and the dynamics of growth. The research questions
ddressed in this paper are organized along the topics of horizon-
al diversity, vertical diversity, and pattern of convergence or path
ependency in European countries.

.1. Horizontal diversity

The first research question deals with horizontal diversity in the
igher education system. Teichler (1988, 2005) defines horizontal
iversity in terms of the mix of subjects taught. Wide horizon-
al diversity means that universities are free to define a subject

ix according to their own strategies, offering courses and degrees
o differentiated student audiences. Diversity implies both disci-
linary differences and different teaching methodologies. In one
ense, this notion has a clear economic counterpart in the notion
f horizontal product differentiation, or the offering of products
ith diverse bundles of characteristics. The notion of diversity is

t the core of the authoritative report on the future of tertiary
ducation, produced by the OECD, where diversity ‘implies that
istinct courses or institutions serve distinct objectives, receiving
nd responding to distinct streams of students’ (OECD, 2008, pp.
0–41).

Disciplinary or subject mix is an interesting empirical prob-
em because the available evidence suggests that most structural
arameters, such as cost per student, are more variable across
ubject mixes within the same university, than across universities

Filippini and Lepori, 2007). In other words, the particular config-
ration in the horizontal diversity landscape is likely to influence
he degrees of freedom and the courses of action of universities
n the long term. We show in this paper that it is extremely diffi-
ult to collect standardized European data on subject mix, at the
icy 40 (2011) 148–164

level of disciplines, without resorting to simple student attendance
statistics (i.e. with no reference to inputs, such as academic staff or
expenditure).

However, we go beyond the narrow definition of horizontal
diversity and extend this notion to two other dimensions – research
and knowledge transfer. Most European universities engage simul-
taneously in education and research. This is formally reflected in
their mandate, based on laws and administrative accreditation pro-
cedures. However, mandates and activities do not always coincide.
For example, is there horizontal diversity in the way that teach-
ing and research are combined? Can we see diversity in the type,
scope, reach and targets of research activities? These questions call
for a classification of research activities that could be controver-
sial. Larédo (2007) proposed a classification of universities based,
among other things, on the geographic scope of research activities:
universities may engage in world class academic competition, with
researchers publishing mainly in international journals, but also
may commit to sustaining the national professional community by
producing relevant research, or may act as proximity knowledge
producers, addressing the specific needs of the regional economic
and social environment. Thus, the maximum or average reach of
university activity could be an indicator of the type of research
produced. Unfortunately, such information is not readily available.
International publications data do exist, but standardized data on
national and regional output do not. A related indicator might be
share of international academic staff, but again this information is
not readily available.

According to a large literature, not reviewed here, modern uni-
versities are responsible for providing direct input to society and
the economy by engaging in such activities as patenting, licensing,
creation of spinoff companies, consulting, advising public admin-
istrations and engaging in public debate (activities that sometimes
are subsumed under the title third mission). How are these activi-
ties carried out by universities? Here we can expect wide horizontal
diversity, in the sense that universities may be more or less com-
mitted to a third mission, depending on their strategies, based on
the trade-offs between these activities and pure academic research,
for example.

To sum up, there are at least three sources of horizontal diver-
sity: the disciplinary subject mix in education, the type of research
activity, the degree of involvement in third mission activities; we
are interested in the extent of horizontal diversity among European
universities. Bonaccorsi and Daraio (2007) suggest that horizon-
tal diversity should be seen as the positioning of the university in
the multidimensional space of outputs, represented by observable
vectors of quantities. The Aquameth dataset enables some prelim-
inary exploration in this direction. This paper does not provide
answers to the above questions, and we describe only the data that
are available and that can be used to present some evidence of
the heterogeneity of European universities with respect to subject
domains.

3.2. Vertical diversity

Vertical diversity refers to the position of the university in a
hierarchy of quality based on several indicators. As in the case of
horizontal diversity, this notion corresponds nicely to the economic
notion of vertical differentiation, or the quality layer, in product
markets. Products nearer the top of the quality layer dominate
products that are lower down in the layer, based on overall superi-
ority rather than a different mix of characteristics. Bleiklie (2008)

suggests that a hierarchy of quality of university service provision
can be established in three ways. First, through accreditation, i.e.
government creates a hierarchical classification and allocates insti-
tutions to these categories. Second, by rankings or the production of
indicators that allow universities to be compared based on a set of
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In dynamic terms, the debate on convergence or path depen-
dence is at the core of the related issue of marketization. In most
OECD countries, particularly the USA, the UK, Ireland, Australia,
Canada and Israel, there has been a drive towards an increased

1 Counter strategies in a number of European countries, aimed at preserving an
elitist element within the higher education system through the creation of a binary
or stratified system, have failed. The idea that an effective formal division can be
established and maintained, between institutions that focus on pure research and
those that take a more utilitarian approach to knowledge production, in order to
protect the former against ‘external influences’, has so far been unsuccessful. While
non-university institutions have tried to become research institutions, research
universities have never given up more formal, applied research and vocationally-
C. Daraio et al. / Resear

ommon performance features, with or without automatic impli-
ations in terms of funding. Third, in relation to funding, where
n implicit hierarchy is established based on the differential abili-
ies of the universities to compete for and win funding, mainly for
esearch.

Historically, the most important example of full-scale vertical
iversity is the reform that was put in place in California in the
960s. The California Master Plan (1960) created three separate

ayers: research universities (the University of California system),
pplied research and teaching universities (state universities), and
ndergraduate level teaching universities (community colleges)
ubdivided into liberal arts colleges and vocational training or
rofessional colleges. This system provided strong vertical differ-
ntiation and also flexibility in permitting, under certain credit
onditions, upward mobility of students, from one layer to the next
Rothblatt, 1992; Kerr, 1995; Altbach, 2001; Geiger, 1996; Trow,
006). In some European countries this vertical differentiation is
ccomplished by separating vocational training from university
ducation, i.e. by the length of the degree course: vocational institu-
ions offer courses of less than three years, while universities offer
achelors and masters course (in the Bologna system, 3 + 2 years).
ccording to Meek et al. (1996) institutional differentiation greatly

acilitates the functional differentiation or division of labour.
Apart from this institutional setting, are there other elements

f vertical diversity, exemplified by hierarchical rankings? One
mportant example is the vertical diversity in the quality of
cademic research. No European country has the institutional
eparation between research, and applied research and teaching
niversities, such as applies mostly in the US. However, many gov-
rnments have adopted a funding strategy that de facto creates a
ierarchy based on these criteria (e.g. the Netherlands, Switzerland,
he UK: see Bonaccorsi, 2009 for the case of PhD education). This
s an extremely sensitive area: witness, for example, the way
hat European universities, governments, stakeholders, media and
ublic opinion react to the publication of international university
ankings. Data on international publications, for example, show sig-
ificant inter-university variability, which cannot be explained in
erms of variation in individual productivity. In some senses, there
s a de facto hierarchy in scientific productivity, although this is not
nstitutionally embedded.

The notion of hierarchy is clearly accepted in the US and Anglo-
axon countries, such as the UK and Australia, but is quite far
emoved from the cultures of, say, Germany and the Scandinavian
ountries, where there is an egalitarian tradition (Kerr, 1995; Kogan
t al., 2000; Bleiklie, 2003). In Sweden, for instance, acceptance of
formula-based funding system, which involves the allocation of a
art of the research funding for universities on the basis of compet-

tive performance, has taken several years, and was implemented
or the first time in 2009.

.3. Convergence vs path dependency in the dynamics of
ifferentiation

The third broad research question refers to the dynamic pattern
f differentiation in the higher education system: ‘The question
o be discussed is the extent to which the various countries
onverge to a common structural model for the organization of
igher education – either a binary system which is the most
ommon model today, or a unified but hierarchical system as in
he United Kingdom’ (Kyvik, 2004, p. 393). According to Kyvik
2004) and Scott (1995), European higher education systems fall

nto five groups: university-dominated, dual, binary, unified, and
tratified. In university-dominated systems (basically, just Italy)
here is no differentiation since all post-secondary training is con-
ned to universities. Dual and binary systems allocate university
ducation and vocational training to separate institutions, while
icy 40 (2011) 148–164 151

unified systems (UK, Spain) have absorbed vocational training
institutions within universities, amalgamating previously separate
experiences. Finally, a stratified system does not exist in Europe in
the pure form of the US system, although some of its characteristics
are present in the French system.

Meek et al. (1996) suggest that there are two contrasting per-
spectives on the evolution of university models: convergence or
path dependence. The convergence thesis predicts that one of the
following models will prevail: (a) universities and vocational train-
ing institutions will be decreed by law to be separate institutions;
(b) universities will dominate the higher education system: they
will absorb vocational training institutions and converge to a uni-
tary system characterized by internal hierarchization.

The binary system is the most popular in Europe: according to
Kyvik (2004), it has been adopted by the Netherlands, Germany,
Belgium, Sweden, Norway, Ireland, Greece, Portugal, Denmark,
Finland and Switzerland. While its stability is assured by strong
institutional separation, there is evidence that the non-university
sector is increasingly adding research activities to its mandate,
which is producing some overlaps with universities (academic
drift). The pattern of university dominance is clearly visible in the
UK, and in the Anglo-Saxon countries more generally. There are
several arguments supporting the view that a unitary system even-
tually will be associated with hierarchization. First, non-university
institutions are driven to adopt university values and norms by
powerful imitation and social pressures. This phenomenon, known
as academic drift, results in greater homogeneity (Neave, 1983).1

Second, since vocational training is subsumed within the university
system, there is a need for a clear hierarchization among previ-
ously university institutions. The absorption of vocational training
institutions within the university system (by law or through merg-
ers), is promoting demand for some hierarchy in funding. Third,
there is a more general trend towards new forms of integration
of teaching and research within the so-called Mode 2 production
of knowledge (Gibbons et al., 1994), which is demanding that all
higher education institutions should be research active. On the
other hand, the institutional, path dependency thesis sees signif-
icant resilience in the vocational training sector and that a pattern
of hierarchization pattern is far from established. In this view,
a variety of solutions has emerged based on national and insti-
tutional path dependency. According to this perspective, we do
not see convergence, because under an apparently similar institu-
tional structure a variety of solutions is emerging (Musselin, 1999;
Bleiklie, 2001; Kogan et al., 2000). The trend, beginning to emerge
in Austria, Germany, the Netherlands and Switzerland, for the non-
university sector to engage in research, is proof that the structural
dynamics of academic drift may survive even in binary systems
where institutional separation is legally established.
oriented education programmes. Experiments at formal divides have broken down
for the reason that attempts to isolate the ‘scientific’ core have been based on
premises (the aim of preserving elite status) that underestimate the forces of ‘aca-
demic’ and ‘applied’ drift within higher education. In other words, it illustrates the
way that the ‘scientific core’ expands, while at the same becoming integrated with
‘social’, more utilitarian demands and needs in new settings (Bleiklie, 2003).
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hare of the university budget from private sources. These include:
tudent fees (‘user pays’ principle); contract research for indus-
ry; contracts, grants and donations from private foundations; and
ale of licences or products. The impact of more private sources
f funding on the autonomy, long term independence, equity of
ccess and cultural vitality of universities is the subject of pas-
ionate debate (Meek, 2000). A common theme in this debate is
hether marketization will promote reduced horizontal diversity

nd increased hierarchization. We provide some evidence related
o funding structures that enable an empirical appreciation of the

agnitude of this problem in Europe.
Summing up, the overall aim of this paper is to provide com-

arable and standardized data on a number of input and output
ariables, for several European countries, to demonstrate the fea-
ibility of a project to provide large scale, statistical micro data on
niversities, and to show the importance of these data for evidence
ased policy. To do so we need to explicitly address a number of
ifficult methodological issues, which is the focus of Section 4.

. Methodological framework

.1. Unit of analysis

First, we would argue that the university institution is an appro-
riate level of analysis. This is not obvious. Most economics of
esearch and innovation and related policy making routinely use
ational level aggregate data, in the traditions of the OECD’s Fras-
ati and Oslo Manuals. While these data are of value for analyses and
ecision making, they mask internal differences in national systems
nd do not allow an appreciation of specificities. The main reason
or taking the university as the unit of analysis is that the problem
f attribution of inputs (in particular, human resources, funding,
nd physical capital) to specific units of output, is manageable at
he university level.

Moving to lower levels of aggregation (e.g. department) is a
ood strategy when evaluating only research, but makes the prob-
em of the joint output (with teaching) almost intractable in most
isciplines. When evaluating research, it is possible that the lab-
ratory/research group rather than the department or institute is
he most relevant unit of analysis (Knorr-Cetina, 1995; Larédo and

ustar, 2001). The allocation of inputs to specific types of out-
uts requires the specification of time budget allocation shares,
ut practical experience (e.g. in the bottom up process of produc-

ng statistics for the OECD) shows that these data are not reliable.
oving to a higher level of aggregation, such as the regional or

ational system, emphasizes the problem of comparability. While
ther units of analysis may be better for analysing research and
igher education individually, universities are the level at which
udgetary and other important decisions on the recruitment of
cademic staff and funding allocations are made. Thus, examining
icro data on individual universities is a legitimate methodological

hoice.

.2. Observed and unobserved heterogeneity

Of course, choosing this level of analysis does not solve every
roblem. Universities are collections of departments and schools
ith large internal heterogeneity (Kyvik and Skovdin, 2003). This

ntroduces the classic comparing apples and oranges problem
Junor et al., 2006). This is such a serious problem that the most

ecent exercise to classify European universities (CHEPS, 2008),
oncludes by calling for further research, rather than offering a
nal solution. In principle, we are of the view that an appropri-
te solution might be a theory-based characterization, although
urrent data availability makes this a remote possibility (Larédo,
icy 40 (2011) 148–164

2007). There are several dimensions of heterogeneity that make
the problem of classification very difficult:

- scope (generalist, specialist);
- subject mix (disciplines);
- coverage of educational activity (vocational training);
- coverage of research activity (Public Research Organizations –

PROs);
- governance (public, private).

The first two dimensions are related to heterogeneity created
by large internal differences across scientific and educational disci-
plines in terms of cost structure, capital intensity, type of scientific
output, and number and type of publications. They may introduce
large distortions, because costs per student and other indicators
differ widely across disciplines (Filippini and Lepori, 2007). Spe-
cialist universities, usually related to applied disciplines (medical
schools, technical universities, business schools) cannot be com-
pared with generalist universities that cover a wide spectrum of
disciplines. Generalist universities, in their turn, exhibit large dif-
ferences depending, for example, on the presence or absence of
a medical school, or on the relative size of the Human and Social
Sciences disciplines. Although there is no systematic evidence to
support this statement, we would argue that these differences do
not depend on country-level factors.

The issue of coverage, on the other hand, is largely depen-
dent on the national institutional tradition. A large body of the
literature on higher education investigates the general features
of national systems (Clark, 1983; Amaral et al., 2002, 2003); this
issue is particularly relevant in Europe where national and regional
higher education contexts are more diverse than in the USA. Some
countries consign vocational training to separate higher education
institutions, which usually cannot offer PhD degrees; in others,
all higher educational activities are conducted by the universities.
Therefore, in unitary systems vocational training comes under the
universities (as in Italy) and in dual systems, university and voca-
tional training are separated (as in Germany).

Another country-level source of heterogeneity comes from the
relative importance of PROs for performing research. In France
and, to a lesser extent, Germany, where a large part of the coun-
try’s research is performed in institutions external to universities,
allocating outputs to production units may be problematic and
unobserved heterogeneity may lead to poor allocation of inputs and
outputs. This diversity demands multi-layer empirical analysis and
careful comparative discussion. Finally, there is the general issue
of governance, which is significantly different in different coun-
tries. Private universities are comparatively more important in the
Latin countries (Spain, Portugal, and to a lesser extent Italy) and
in Eastern Europe (Teixeira et al., 2007). In some cases they sat-
isfy otherwise unfilled education needs, particularly in the case of
Eastern Europe after transition. The quality is very variable, how-
ever, ranging from top level and research-oriented universities
(e.g. in Italy San Raffaele for medical research and Bocconi Univer-
sity for economics and business) to low level degree awarders in
weakly regulated markets. In addition, the constitutional architec-
ture assigns responsibility for universities to national government
in most countries, and to regional or state governments in federal
countries such as Spain or Germany (see on these issues Huisman
and Kaiser, 2001; Kyvik and Skovdin, 2003; Kyvik, 2004).

Heterogeneity is a serious issue and has been an occupation of
the Aquameth project from its inception. The approach adopted

was to disentangle each separate source of heterogeneity, exam-
ine the available indicators, and formulate explicit schemes for
the classification or inclusion of dummy variables. Each dimension
relates to the underlying comparability scheme, which helps with
interpretation of the data.



ch Policy 40 (2011) 148–164 153

4

f
o
t
a
m
m
c
a
n
s
p
f
d
a
m
e
t
c

m
t
p
s
i
a
a
c
i

n
e
y
u
c
t
a
t
E
T
n

s

s
a

-

-

-

-

Table 1
Main categories in the Aquameth database.

Area Categories

General information Year of foundation
Region (NUTS)
Type (university, technical college, etc.)
Governance (public, private)
University hospital (dummy)
Specialization
Number of fields covered

Revenues Total revenues of the university
Tuition and fees
Government appropriations
EU and other international funding
Private funding (profit and non-profit)
Asset revenues
Other revenues

Expenditures Total expenditures
Personnel expenditures, where possible
divided between personnel categories
Current expenditures
Capital expenditures
Other expenditures

Personnel Total academic staff (Headcount or FTE)
Full professors
Associate professors
Researchers
Other academic staff
Technical and administrative staff

Education production Number of enrolled students
Number of foreign students
Number of graduates (where applicable split
into long cycle and short cycle graduates)
Number of PhD students
Number of PhD degrees
Number of master students
Number of master degrees

Research and technology
production

ISI publications

matrix between classes of ISI publications to represent research
output, and classes of OECD standardized academic disciplines to
represent teaching activity. Thus, our fields represent relatively
homogeneous collections of inputs (academic staff) producing both
teaching and research in the same area of output rather than indi-

Table 2
Number of universities in the Aquameth database (488) by country.

Country No. of universities Period

CH 12 1994–2003
DE 72 1998–2003
ES 48 1994–2004
FI 20 1994–2006
FR 88 1994–2006
HU 16 2001–2004
C. Daraio et al. / Resear

.3. Comparability across countries: problems and solutions

The approach to comparability in the Aquameth project dif-
ers sharply from the approaches followed by major international
rganizations, governments and policy analyst groups, which tend
o use country level statistics, aggregated following the Frascati
nd Oslo Manuals. Aggregate statistics allow observation of one
oment in the distribution (average value) and ignore all other
oments and associated indicators, such as range, variance, coeffi-

ient of variation or skewness. This needs to be highlighted because
lmost none of the variables of interest to policy making have a
ormal distribution. For example, the distribution of researcher’s
cientific productivity is highly-skewed, due to cumulative factors,
ath dependency and self-selection. The construction of a dataset
or analysis at the microlevel is a risky exercise. There are no stan-
ardized definitions or statistical units and institutional differences
re so great that the same word(s) may take on totally different
eanings in different countries. National policy has a profound

ffect on a country’s university system, so the research design needs
o incorporate regular updating of legislative and administrative
hanges.

The Aquameth project addressed these issues by developing a
ulti-method approach. First, each country in the initial phase of

he project was subjected to extensive case study to identify recent
olicy changes and major trends. National case studies allow con-
ideration of the heterogeneity of institutional frameworks and
mpacts of constantly changing policies. Second, a comparative
nalysis was conducted to highlight data comparability problems
nd possible solutions (Bonaccorsi et al., 2007) Third, where data
omparability could be demonstrated, these cases were integrated
n the dataset.

The above exercise constitutes a major advance in the eco-
omics and political science of higher education, since most
xisting work is based on national datasets or comparative anal-
sis. Aquameth is the first example of a large dataset of European
niversities where the unit of analysis is the universities from 11
ountries, identified by a census, providing a sample of 488 institu-
ions. The main categories of variables in the Aquameth database
re organized in the following broad areas: General information on
he higher education institute; Revenue; Expenditure; Personnel;
ducation production; and Research and technology production.
able 1 presents a detailed list of the variables; Table 2 shows the
umber of universities in the database by country.

Appendix A (available at the PRIME website) illustrates the time
eries coverage by country, and the data available by research area.

Many of the problems described have been resolved reasonably
atisfactorily; thus, we can be reasonably confident of comparing
pples with apples. The main solutions are:

for variables subject to strong heterogeneity based on the national
institutional setting and policy, we built normalized variables
around the national average (e.g. funding structure) or ran sep-
arate analyses by category (e.g. private universities vs public
universities);
countries where national structural differences with respect to
the distribution of research output between universities and PROs
are large (e.g. France) were excluded from the comparisons on
research output;
for variables subject to heterogeneity based on subject mix and
scope, we classified the universities in two ways: (a) as specialist
or generalist, depending on the student population distribution

(see below); (b) using a dummy variable for the presence of med-
ical school (not shown in this paper);
for further analyses involving subject mix and differences across
disciplines, the data are broken down into four disciplinary
areas (Human and Social Sciences, Engineering and Technical
Patents
Spin-off companies
R&D revenues
R&D expenditures

Sciences, Natural Sciences, and Medicine) and separate analyses
conducted;

- for the structural variables, we built a classification according to
size, and ran separate analyses by size category.

Not all the analyses are shown in this paper.
The dataset is organized in the four fields of Natural Sciences,

Medicine, Engineering and Technical Sciences, Human and Social
Sciences. We constructed these fields by building a concordance
IT 79 1995–2005
NL 13 1994–2004
NO 10 1995–2003
PT 14 1997–2002
UK 116 1996–2003
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Fig. 2. Cumulative number of universities by year of foundation.
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Fig. 3. Cumulative number of universities by year of foundation. 1900–2000.
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ig. 1. Kernel distribution of European university ages (Aquameth sample, 11 coun-
ries, n = 488).

idual departments or schools. Controversial assignments were
iscussed extensively during the project and substantial consensus
as achieved.2

There is no alternative to in depth examination of the qualita-
ive characteristics of national institutional contexts to give a robust

eaning to any proposed indicator. Bearing in mind these issues,
e describe our characterization of European universities in Sec-

ion 5. It should be noted that the variables we analyse contribute
o an overall interpretation of the status and competitiveness of
uropean universities, which are summarized in Sections 5 and 6,
nd provide evidence-based support for policy reform.

. Opening the black box of country level data

.1. The dynamics of the creation of universities in Europe

The process of creating a new university is dependent on sev-
ral historical factors and shows no strong regularities. The kernel
istribution of university age (Fig. 1) shows two peaks at around
00 years and at 500 years.

To understand the origins of this age structure, we need to
nspect the distribution over time. The cumulative distribution has
emonstrated linear growth since the Middle Ages up to the end
f the 18th century, followed by exponential growth starting in
he 19th century (Fig. 2). The cumulative distribution in the 20th
entury, shows a further acceleration after 1970 (Fig. 3). The most
ecent dynamics seem to follow the waves of entry into higher edu-
ation of large populations of young people, immediately after the
econd World War, during the 1960s and 1970s, and after 1990.

If we look at national differences in the history of univer-
ity creation (Fig. 4), several patterns emerge. The large European
ountries, with the exception of Spain, show the presence of a
onsiderable number of universities in the Renaissance period.
taly and France historically are considered the birth places of the
niversity institution. France dominates in terms of number of uni-
ersities established before 1800. After 1800, the UK established

large number of new universities, some of which initially were
olytechnics and subsequently were awarded university status.
ost of the large European countries, including Spain, but with

he interesting exception of the UK, exhibit a sharp increase in the

2 Details of the procedure are available on request from the corresponding author.

Finland

France

Germany

Hungary

Italy

Netherland

Norway

Portugal

Spain

Switzerland

United Kingdom

Country

-100

Fig. 4. Boxplots of university ages by country. The bold horizontal reference line is
the European median (91.5), the horizontal dotted reference lines are the European
first (31) and third quartiles (208.25). The European values are computed on all the
Aquameth dataset.
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umber of universities from 1970. The historical dynamics sheds
ight on an important institutional difference. Faced with a second

ave of mass higher education in the 1960s and 1970s, the UK
overnment, in the early 1990s, upgraded the status of some of its
olytechnics rather than creating new universities similar to the
lready existing institutions. This increased the educational sup-
ly without congesting the research universities. Polytechnics were

nvited to invest in research (of the more applied type), while keep-
ng at their core the traditional education mission. This resulted in
trong internal differentiation.

A similar dynamics can be seen in some of the small European
ountries, although there are some ‘outlying’ very old universities
n Portugal and Hungary (see Fig. 4, which shows the distribution
f university ages by country). In the case of Hungary, its entire
igher education system developed in a disconnected way due to

ts turbulent history. Fig. 4 shows the following patterns: (a) Italy
nd France have the oldest institutions and 75% of their universi-
ies are spread along the university age distribution, indicating a
ontinuous pattern of foundation of new institutions; (b) the UK,
pain and Portugal have fewer very old universities, and many are
utliers; (c) the Germanic countries (Germany, the Netherlands,
witzerland) and, to an extent, Hungary, had very few Mediae-
al universities that continued for more than two centuries, which
akes the median age of their universities relatively young; (d) the

niversities in Norway and Finland are all very new. In general, the
istributions are highly skewed, as the box plots in Fig. 4 show.

To sum up, universities are among the oldest surviving institu-
ions, with those in Europe being among the most ancient. Micro
ata allow a finer interpretation of the dynamics of creation:

the take-off of universities in terms of their establishment follows
the pattern of entry into the Modern Age, via the creation of nation
states, and subsequently the industrial revolution: first the UK,
then France and Germany, followed by Italy, and finally Spain
and Portugal;
controlling for location, the first universities were in large urban
centres, and only later did they start to be established in smaller
urban centres, according to a clearly discernible core-periphery
pattern;
a large increase in absolute university creation occurred in the
20th century (Fig. 2), spreading knowledge across social classes
and territories in the already industrialized countries;
a sharp acceleration can be identified in the period after the Sec-
ond World War, and particularly after the 1970s (Fig. 3);
in terms of inter-country differences in the age distribution

(Fig. 4), it is clear that each country has its own historical pattern
of university creation since many boxes lie outside the European
range (dotted lines in Fig. 4: France, Italy, the Netherlands and
Switzerland), while Germany, Spain and the UK have many out-
liers;

able 3
escriptive statistics on size (undergraduate students). Year 2003.

Country Min First quartile Mean

CH 893 3683 7356
DE 1888 8849.75 18,629
ES 6197 12,423 28,109
FI 229 2119 7354
FR 2005 10,668.25 16,414
HU 3128 7205.75 15,675
IT 262 9035.75 23,896
NL 4385 10,888 14,438
NO 1986 4120.75 10,246
PT 2348 4927 10,698
UK 0 5474 12,035

ote: The UK university with the highest number of student is the Open University for di
hat specialize in postgraduate education. They are excluded from analysis as appropriate
150000100000500000

enr2003

Fig. 5. Kernel distribution of size (undergraduate students). Year 2003.

- controlling for subject mix, universities created in the last quarter
of the last century include a few specialists, but are still largely
generalist;

- in general, specialist universities are younger.

Thus, rather than responding to new segments of social demand
(over social classes and territories) and offering specialized educa-
tion services, universities replicated the dominant generalist model
at the territorial level. Peripheries did not want specialist univer-
sities, they wanted their own general universities, or preferred to
start with a few disciplines and replicate the generalist model over
time.

5.2. Size distribution, concentration and growth

The impact of size on university performance is controversial
(Brinkman and Leslie, 1986; Dundar and Lewis, 1995). Universities
are unevenly distributed with respect to size measured by either
student or academic staff numbers. Fig. 5 shows an extremely thin
long tail on the right of the distribution, while almost all of the
density is located at below 50,000 students.

Very large universities (more than 50,000 undergraduate stu-
dents) are usually old institutions in large cities, or in medium-sized

cities that attract students from other regions. The largest univer-
sities in the UK (the Open University for distance learning), Spain
and Italy exceed 130,000 students (Table 3), which is a very large
number: the largest German university has around 60,000 students,
and the largest in France around 40,000. It seems that these very

Median Third quartile Max

7386 9650 19,104
16,812 24,300 59,777
25,050 33,777 133,591

4818 12,392 31,304
16,061 22,303 40,489
11,485 26,851 32,486
15,651 32,379 132,537
16,055 17,035 24,637

6,579 15,439 30,056
7969 16,438 23,294

10,471 20,005 139,299

stance learning. UK universities with zero undergraduate students are universities
.
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orizontal reference line is the European median (12,676), the horizontal dotted
eference lines are the European first (6996) and third quartiles (20,506.5). European
alues are computed on all the Aquameth dataset.

arge institutions are outliers in the distribution, while the range of
ariation does not exceed 50–60,000 students (Fig. 6).

The size distribution with respect to numbers of academic staff
Fig. 7) has a similar shape, but the long tail on the right is fatter.
omparability of data is extremely complex due to national defini-
ions and the practical employment of academic staff conditions.

The national boxplots (Fig. 8) show that Germany and, par-
icularly, Switzerland have larger endowments of academic staff.
n the case of Germany, academic staff numbers might be over-
stimated because, especially research/teaching assistants, work
art time and/or occupy temporary positions. In all other countries
he median value is in the range 500–2000, with Italy, Spain and
he UK with the largest number of outliers. In the case of Italy, the
ount includes only permanent positions, although large numbers
f temporary staff are employed.
In the case of France, as is evident from the boxplot, academic
taff numbers appear relatively small, because the French data
nclude only full and assistant/associate professors (maîtres de con-
erences), estimated to represent 67% of all teachers and researchers

80006000400020000

acstaff2003

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

Fig. 7. Kernel distribution of size (total academic staff). Year 2003.
Fig. 8. Boxplots of size (total academic staff), year 2003 by country. The bold hori-
zontal reference line is the European median (882.5), the horizontal dotted reference
lines are the European first (434.75) and third quartiles (1720.5). European values
are computed on all the Aquameth dataset.

at universities. Also, these data do not include researchers located in
the university who are working under the supervision of other PROs
such as the Unité Mixte del CNRS. Based on these idiosyncrasies,
French data are not comparable.

Table 4 presents various measures for the concentration of stu-
dents in universities: cr4, cr8 and cr20 are concentration ratios
by country, which give the percentage of students in the first 4, 8
or 20 universities respectively, ordered by decreasing numbers of
enrolled students. The Herfindahl index (H), shown in Eq. (1), gives
the sum of the squares of the share of enrolled students in individ-
ual universities (qi). Finally, the Normalized Herfindahl index (N H),
described in Eq. (2), ranges from 0 to 1 and, unlike the Herfindahl
(H), does not depend on N (the number of firms in the market).
Usually, a value of the N H index smaller than 0.1 indicates a non-
concentrated industry and, as shown by Table 4, this applies to all
the European countries in the Aquameth dataset.3

H =
n∑

i=1

q2
i (1)

N H = (H − 1/N)
1 − 1/N

(2)

Herfindahl-type indexes can be used to measure the level of spe-
cialization of an institution (see Williams and van Dyke, 2007 and
Williams, 2008); however, it is not easy to implement this across
different national systems.

Taking into account the size distribution and the concentration,
we can suggest a taxonomy based on number of students or num-
ber of academic staff (see further detail in Tables B1 and B2 in the
Appendix available at the PRIME website). The taxonomy includes
five size categories:

- very small (<500 undergraduate students, or <50 academic staff);

- small (500–2000 undergraduate students, or 50–200 academic

staff);
- medium (2000–20,000 undergraduate students, or 200–2000

academic staff);

3 We computed the concentration indexes reported in Table 4 on the variable
Total academic staff: the results for non-concentration were virtually the same.
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Table 4
Concentration of universities by size (enrolled undergraduate students). Year 2003.

Country cr4 cr8 cr20 Herfindahl index N Normalized H

CH 57.51 89.66 0.122 12 0.043
DE 14.27 26.20 52.24 0.020 72 0.006
ES 25.24 39.86 68.73 0.034 48 0.014
FI 47.61 75.77 100.00 0.096 20 0.049
FR 9.56 17.56 38.19 0.014 88 0.003
HU 54.60 83.19 – 0.104 14 0.035
IT 22.06 35.58 62.44 0.028 79 0.015
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NL 45.16 78.26 –
NO 74.03 95.93 –
PT 52.97 82.46 –
UK 15.86 22.40 39.13

large (20,000–50,000 undergraduate students, or 2000–5000 aca-
demic staff);
very large (>50,000 undergraduate students, or >5000 academic
staff).

We found that this taxonomy represents the bulk of the distri-
ution, leaving a few cases to the extreme classes. It appears that in
ll countries the medium size category (from 2000 to 20,000 stu-
ents) is the most representative and accounts for 45–90% of the
istribution. Medium-sized and large universities absorb the bulk
f the distribution.

With respect to growth, using the Aquameth database we can
alculate the compound growth rate over intervals of different
engths, from the initial to the final year of the available time series
see Table 2 for details). Growth rates generally refer to the whole
eriod 1996–2003. Table 5 reports the average annual growth rates
y country and size category.

Among the very small and small universities, Italy stands out
howing growth rates of 9.5% in the former case and 5% in the lat-
er, due also to the creation of a large number of new institutions
rom the mid 1990s onward. A dynamics of fragmentation seems to
e at work in Italy. Followers in the small category achieve growth
ates of only 3% (Switzerland) and 3.8% (Germany). Medium sized
niversities, taken together, have grown at less than 1% per year in
he period, and in Germany decreased by 2% per year. Hungary is an
xceptional case in that its medium-sized universities experienced
verage annual growth of 10%. Large and very large universities
how negative growth rates in almost all countries, and especially
ermany and Spain (minus 3% in both cases). In the Netherlands
nd Norway the large universities show negative growth, while in
taly the large universities show slight increases and the very large
niversities show slight decreases. Hungary, again, is an exception
nsofar as its large universities show annual growth of 7%. On aver-
ge, the dynamics in Europe is a slow redistribution of large and
ery large universities, and entry of new small universities at the
ottom.

able 5
ompound rates of growth in percentages (enrolled students).

Country Very large Large Medium Small Very small

CH – – −0.64 3.09 –
DE −3.29 −3.29 −1.94 3.76 –
ES −0.12 −0.04 0.5 – –
FI – 0.17 0.42 0.17 0.63
FR – 0.02 0.17 – –
HU – 6.87 10.31 0.59 –
IT −0.13 0.22 0.6 5.01 9.49
NL – −0.03 0.09 – –
NO – −0.03 0.13 −0.15 –
PT – 0.14 0.21 – –
UK 0.2 0.36 0.37 0.65 0.25
0.090 13 0.014
0.173 10 0.081
0.100 14 0.031
0.020 116 0.012

Analysis of the data on the size distribution provides the follow-
ing stylized facts:

- the size distribution is skewed (Figs. 5 and 7), meaning small
entities are proportionally more present;

- in a few countries (Spain and Italy) there are some extremely large
universities; these are located in very large cities, are generalist
and are old;

- the smaller countries (Finland, Hungary, Netherlands, Portugal,
Switzerland, Norway) do not have large universities (Fig. 6);

- the minimal size is very small almost everywhere (Table 3);
- looking at cross-country size differences measured by enrolled

students, with the exception of Spain and Italy, most national dis-
tributions fall within the European range (dotted line in Fig. 6);
this means that the size distribution is subject to structural con-
straints that cut across national contexts; this does not apply to
academic staff (Fig. 8), where numbers are higher in the Germanic
and Nordic countries, outside the European range.

These features of the size distribution have implications for the
ranking of European universities. The following remarks should be
considered. First, top ranked European universities are larger than
similarly ranked US universities; this means that, due to the lack
of correlation between scientific quality across departments, Euro-
pean universities must be larger than their competitors in order
to enter the ranking league, ceteris paribus. Second, top ranked
European universities have large medical schools. Third, univer-
sities located low down in the size distribution have a negligible
probability of being in the rankings, unless they are specialized in
research. Fourth, international rankings do not relate research out-
put to size: they either ignore relative indicators (e.g. publications
per unit of academic staff) or give them low weights. Consequently,
smaller universities with highly correlated scores (typical of the US
but not the European system) are ranked higher than larger univer-
sities, which display long tails indicating lower quality. Thus, there
are basically two types of universities in the rankings for Europe:
(1) very large, generalist, but non-differentiated, universities (e.g.
Rome and Milan in Italy, Madrid and Barcelona in Spain, Helsinki
in Finland), and large research oriented universities (particularly
in the UK, Switzerland and the Netherlands); (2) small or medium-
sized universities, particularly in the smaller countries, for those
countries that have differentiation along research and financially
support research intensive universities (Switzerland, Netherlands).

It might seem that these two categories are relatively under-
represented in the European countries. The relatively poor
performance of European countries may be the result of a com-

bination of a massive educational load and lack of differentiation.
Excellent departments might be embedded in large generalist uni-
versities, which, overall, do not qualify for entry into the league
tables. To reach definitive conclusions, further investigation is
needed.
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. Positioning universities in the European landscape

.1. Some evidence on horizontal diversity: the subject mix

The heterogeneity of universities with respect to subject
omains is an issue in higher education, where much of the research
ocuses on the features of different subject domains and their clas-
ification (Becher and Trowler, 2001; Sarrico and Dyson, 2004), as
ell as on the dynamics of change and differentiation, which are

een as major driving forces of higher education (Clark, 1996). Het-
rogeneity emerges also in the context of institution-level studies,
ith empirical evidence showing that differences between higher

ducation institutes in terms of subject mix may be large, and
ay account for large variations in higher education institution-

evel indicators and significantly influence comparisons between
ndividual institutions. A number of studies show that the differ-
nces in costs per student across subject domains are large and
ystematic, with medicine at the top followed by natural sciences
nd technology, and social sciences and humanities less expensive
n average (Jongbloed et al., 2003; Johnes, 1990). Also, Filippini
nd Lepori (2007), using disaggregated data at disciplinary field
evel in the Swiss case, show that differences between domains are
ystematically larger than differences between individual higher
ducation institutes and that this pattern is consistent across a wide
ange of indicators, including students per professor, education and
otal costs, number of PhD students, and number of degrees. How-
ver, discussion rarely goes beyond simple qualitative accounts
f these differences. Although some classes of specialized institu-
ions have been identified, such as technical schools and business
chools, their role in the entire higher education system has not
een analysed. There are major differences among higher education

nstitutions, including the presence or absence of a medical school,
hich have an impact on their costs, however, to our knowledge no

ystematic mapping has been undertaken (at least in the European
ontext).

A preliminary approximation was made as part of the Aquameth
roject and is based on the distinction between generalist and
pecialist universities. Based on previous analysis we define a uni-
ersity as specialist if more than 75% of undergraduate students
re enrolled in just one field, or more than 90% of undergraduate
tudents are enrolled in two fields. A university is defined as gener-
list otherwise. We are aware that there may be borderline cases,
here a slight deviation from the thresholds defined above might
ave a major influence on their status. For this reason, we propose
sensitivity analysis, where thresholds can vary, to check whether

lassifications are stable. These classifications could be used to carry
ut comparative analyses based on single categories. Table B3 in
he Appendix presents the categories per university size (measured
s the number of undergraduate students). We would expect that
he larger the university the higher would be the probability that
he university is generalist. However, a few countries, such as the
K and Switzerland, have specialist universities that are large and
ery large in size. This is an interesting indicator of the degree of
ifferentiation in the university profile. Specialist universities may

ean towards entering numerous fields of education during their life
ycle, unless the institutional context prizes specialization even in
arge size institutions.

The Aquameth project collected data disaggregated by scien-
ific field, using the four domain classifications mentioned earlier
Human and social sciences, Technical sciences, Natural sciences,

edicine). This was feasible for most countries in the sample in the

ase of students, and was feasible for some countries in the case of
taff. It was possible also to map Web of Science publications data
o this scheme although bearing in mind the different coverage
f the Web of Science across scientific domains. Methodologically,
his exercise is complicated by the multi-input and multi-output
icy 40 (2011) 148–164

nature of higher education institutions; for example, there is no rea-
son why the distribution of students across subjects should match
the distribution of scientific publications or staff, even though they
may be related. The simplest choice in terms of availability of data,
which would be to use number of students by domain to character-
ize subject mix, could produce misleading results if differences in
the orientation towards education vs research between domains,
are large and systematic, as the data for Switzerland would suggest
(Filippini and Lepori, 2007).

Ideally, one should calculate the distribution of different types
of inputs and outputs and then explore their relationship, an option
that is not really feasible with the data available. We resorted to the
simpler strategy of using the number of academic staff (as Full Time
Equivalent – FTE) as the basic measure of the effort invested in each
domain. The advantage of this is that these data are usually avail-
able and are more robust than budgetary data; the limitation is that
it disregards differences by domain in terms types of costs (related
e.g. to different shares of capital costs) and staff composition.

Preliminary analysis of five countries (Finland, Italy, the
Netherlands, Norway and Switzerland) for year 2001 produces
some quite interesting patterns, and some variations between sub-
jects and countries (Lepori and Baschung, 2008).

It would seem that specialist institutions are largely technical
science universities, with practically all institutions with large tech-
nical departments specialized in the field (possibly also including
those with large natural sciences departments). The next largest
group of specialist institutes is specialized in human and social
sciences, but these are smaller organizations and, in all countries,
account for a small share of the total staff in the field. Specialist
natural sciences (the only case being SISSA in Trieste) and medical
(small higher education organizations in Italy) institutions are rare.

The second major pattern refers to medicine, which shows a dif-
ferent pattern of concentration. In the sample considered here, only
40% of institutions have sizeable medical departments (larger than
200 FTE), while the 10 institutions with the largest departments
concentrate about half of the total staff in the field. However, these
are not specialist institutions, in fact they are the largest general-
ist universities in their respective countries, e.g. the University of
Rome in Italy, University of Zurich in Switzerland, and University
Oslo in Norway.

The final group of institutions is composed of universities with-
out a significant school of medicine, but with other significant
domains (although not technology); the typical profile of these
institutions is two-thirds of the academic staff in human and social
sciences and the remainder in natural sciences and technology;
these universities on average are small, and younger than the gen-
eralist higher education institutions with medicine faculties.

These results are preliminary and require deeper investigation;
however, at the level of large subject domains, there are distinct
patterns of specialization, probably a legacy of medicine being one
of the core fields in the case of the old universities, while tech-
nical sciences became the focus of specific institutions later on in
the evolution of the university. There are also significant differ-
ences among countries, with some institutions more specialized (in
Finland and Netherlands), while in Italy the generalist university is
the dominant model, with technology mostly located in general-
ist institutions. Clearly, further research is needed to build a full
multi-criteria classification.

Table 6 presents the following stylized facts:

- generalist universities are the dominant model in Europe;

- pure specialist universities are mainly in engineering (polytech-

nics, technical universities, ecoles polytechniques), human and
social sciences, and to a lesser extent, medicine;

- specialist universities are fewer in number and generally younger
than generalist universities; consequently, due to the visibility
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Table 6
Classes of HEI by subject mix (Finland, Italy, Netherlands, Norway and Switzerland, year 2001).

Type Category Subclasses N. Staff FTE Avg. staff

Specialist Natural sciences HEI 1
Specialist Technical HEI Pure technical HEI 10 10,812 1081

Natural-technical HEI 4 18,481 4620
Specialist Humanities and Social Sciences HEI Business schools 3 3372 1124

Other 19 5017 264
Specialist Medical HEI 2 1268 634
General HEI with strong Medicine 8 18,626 2328
General HEI with Medicine 44 135,775 3086
General General HEI without Medicine 37 34,930 944
Total Total 128 228,281 1797

Table 7
Sources of funding (percentages).

Category of funding CH ES FI HU IT NL NO PT UK

Tuition and fees 2.09 17.67 nr nr 14.72 5.61 0.00 5.82 23.69
Government funding 83.14 67.10 72.94 89.15 75.37 75.89 92.63 63.90 47.05
EU and other inter. Funding 1.81 2.69 4.42 3.26 0.26 1.33 1.27 6.06 2.42
Private funding 8.78 1.44 22.64 6.54 5.97 6.87 3.76 24.23 6.29

1

N

-

i
E

6
d

l
i
i
n

-

-

-

-

t
t
f

-

Asset revenues 4.17 0.54 0.00
Other funds 0.00 10.56 0.00
Total 100 100 100

ote: nr = not relevant.

effects outlined above, they are not frequent in international
rankings;
the UK, the Netherlands and Switzerland are exceptions where
national policies oriented towards differentiation have served
to strengthen several technical schools, often with strong link-
ages between engineering and science (e.g. ETH Zurich or EPFL in
Switzerland).

On the basis of this preliminary study, we can say that special-
st universities are in an immature stage of development in most
uropean countries.

.2. Some evidence on vertical diversity and patterns of
ifferentiation: funding structures

Analysing the sources of university funding is difficult, due to
ack of comparable administration definitions. The Appendix A
ncluded at the end of this paper provides national definitions of
tems that appear in universities’ financial reporting. A few remarks
eed to be made:

other funds in the UK includes donations, which are a significant
portion of the total budget for many universities, and revenues
from goods and services (Crespi, 2007);
private funding in Portugal includes government research con-
tracts that are bid for competitively; it is not possible to
disentangle these two components (Teixeira et al., 2007);
private funding in Finland includes funding from non-
government agencies as well as firms;
student fees in Germany include large amounts from other
sources (especially revenue from medical treatment in university
hospitals) and are not comparable.

It can be seen, therefore, that it is almost impossible to compare
he share of private sector funding across the whole sample. With

his caveat, we can point to several interesting points that emerge
rom Table 7:

universities receive 47% of their funding from government in the
UK; in other countries the range is between 64% (Portugal) and
0.00 2.03 0.00 0.00 0.00 1.53
1.06 1.65 40.00 2.34 0.00 19.01

00 100 100 100 100 100

93% (Norway); Germany is at 56% but the data are not compara-
ble;

- countries such as Italy, the UK and Spain, rely on student fees
for between 15% and 24%, while in the Scandinavian countries
(Finland, Norway, the Netherlands) and Hungary student fees are
very low;

- with the exception of Portugal and Finland (not comparable for
the reasons stated above), private funding does not exceed 6% of
the total funding.

It seems that universities in most European countries (except
the UK) do not have much room for manoeuvre. If student fees can-
not be increased, either because they are already high (Italy, the UK,
Spain), or because it is not politically acceptable (Finland, Norway,
the Netherlands, Hungary), and if private funding does not exceed a
share of around 5–6%, then universities will remain reliant mainly
on government funding. However, there is some evidence that, over
time, the composition of total research funding has changed from
mostly general (block) funding to project funding (Geuna, 2001;
Lepori et al., 2007; Potì and Reale, 2007). The universities can per-
haps manipulate this composition to their advantage.

To summarize, comparative data from Aquameth (Table 7),
which extends and confirms the CHINC (Changes in Univer-
sity Incomes: Their Impact on University-Based Research and
Innovation) project survey based results, suggest the follow-
ing observations. First, universities trying to diversify sources of
income (‘differentiation of inputs’) need to increase the relative
share of non-government funding, namely, student fees, private
income and other sources. Second, the data show that the range
of and the variance in the indicators for share of non-government
sources are extremely low, e.g. the number of universities exhibit-
ing double the average national level of the share indicator are only
a few units across Europe. Finally, we see some (but rather slow)
movement towards diversification of funding sources, or differen-
tiation in inputs, probably hampered by the legal framework and
traditional governance.
6.3. Some evidence on vertical diversity: postgraduate education

The proportion of postgraduate students, particularly doctoral,
on total undergraduate education in a university is informative
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Table 8
Indicators of structural differentiation of universities in doctoral education. Some
descriptive statistics on the indicator PhD recipients per 100 undergraduate
students.

Country Average value Maximum
value

Standard
Deviation

Variation
coefficient

CH 2.71 5.16 1.57 2.45
ES 0.50 1.37 0.26 0.07
FI 0.67 1.60 0.35 0.12
FR 0.63 3.11 0.60 0.36
HU 0.36 1.15 0.43 0.18
IT 0.29 3.05 0.37 0.14

academic staff, and the ratio of PhD to undergraduate students:

- there is little differentiation across universities for average
productivity, such as publications per unit of academic staff,
which indicates that the group of research-intensive or research-
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ig. 9. Boxplots of PhD students by country. Year 2003. The bold horizontal reference
ine is the European median (487), the horizontal dotted reference lines are the
uropean first (204) and third quartiles (1066.75). European values are computed
n all the Aquameth dataset.

bout the strategic choices open to the university. Doctoral stu-
ents compete with undergraduates for the time of professors, and
or laboratory and other space. In fields characterized by interna-
ional competition and mobility of PhD candidates, universities are
ttractive to potential PhD students only if they have dedicated staff
ime and facilities, and teach courses in English. Consequently, a
niversity that wants to compete internationally in doctoral edu-
ation must maintain the ratio between PhD and undergraduates
t a certain threshold (Bonaccorsi, 2009).

Fig. 9 depicts the distribution of PhD students by country and
hows that European universities vary widely although the biggest
ariability is in countries with selective policies for providing PhD
ourses such as Switzerland, the UK, the Netherlands and Hungary.
ome of this variability is related to the tradition in Switzerland
or students to complete their doctoral education early on in their
areers, in order to improve their chances of entry to the job market.

Table 8 shows the ratio of PhD degrees awarded per 100 under-
raduate students, with the coefficient of variation of the ratio
cross countries. The ratio is very high for Switzerland and the UK,
nd much higher in the Netherlands than in any other country.
hile this ratio is high in some universities in Italy and France,

hese institutions are the exceptions in these countries and do not
nfluence the overall distribution.

.4. Some evidence on vertical diversity: scientific production

Scientific production is proxied by the number of international
apers published in refereed journals (Fig. 10). This definition

s clearly very crude, does not give sufficient recognition to the
uman and Social Sciences (see e.g. Hicks, 2004), and ignores non-

SI publications. Also, crude indicators such as publications per unit
f academic staff may be misleading either due to the numerator
differences in pattern of scientific production across disciplines,
ence across universities with different subject mixes) or to the
enominator (differences in the time involvement of academic staff

n research). At the same time, national level data should not be
verly biased by differences in subject mix, given that the pre-
ominant model is the generalist university which includes several

isciplines. Showing distributions (boxplots) rather than aggregate
ational level data, enables deeper investigation and correction of
ossible errors. Since we use a definition of research production
ased on ISI publications, accepting the limitations of this defini-
NL 1.59 4.06 0.83 0.69
NO 0.65 2.22 0.70 0.49
PT 0.44 0.75 0.18 0.03
UK 1.42 43.48 4.18 17.46

tion, our evidence adds to that offered by most rankings based on
the same source. We consider a simple indicator of scientific pro-
ductivity, namely the number of international (ISI) publications per
unit of academic staff, and we explore the distribution of this indi-
cator by country (Fig. 11). Note, data for France and Germany are
missing.

In terms of productivity, i.e. number of publications per unit
of academic staff (Fig. 12), the Dutch system seems to be the best
performer, followed by the UK. The remaining countries exhibit
similar levels to the median value, with Norway and Finland slightly
better than this level. Italy has several outliers and productivity
close to the UK leaders.

If we examine the trade off between research production and
teaching load, Fig. 12 shows a clear negative relation. We can see
also that large universities are subject to more severe trade-offs,
since few are located along the horizontal axis of scientific pro-
ductivity, while almost all exhibit high values for student load. For
medium-sized universities, the trade off seems to be less stringent,
although still identifiable.

Data from the Aquameth project enable identification of the
elements listed below, using crude (but informative) proxies for
research productivity such as international publications per unit of
Fig. 10. Boxplots of total publications by country. Year 2003. The bold horizontal
reference line is the European median (324), the horizontal dotted reference lines
are the European first (61.5) and third quartiles (858). The European values are
computed on all the Aquameth dataset.
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Appendix A. Definitions of funding

See Table A1.
ig. 12. Plot of publication intensity vs undergraduate per academic staff – total.

oriented universities is not so large as to shift the distribution
(Fig. 11), and that all countries except the Netherlands and the
UK are within the European range (dotted lines);
boxplots (Fig. 11) show that there are a few universities whose
research productivity is at the upper extreme of the national
and European distributions; important exceptions are the UK, the
Netherlands and Switzerland;
a crude indicator, such as the ratio of PhD to undergraduate stu-
dents (Table 8) shows little differentiation among countries with
the exception of the UK, the Netherlands and Switzerland.

. Conclusions

This paper provides a first analysis of European universities
long the dimensions of age, size and growth, horizontal and
ertical diversity and pattern of differentiation. Combining the
mpirical evidence discussed above produces a quite clear pat-
ern: only a few European countries encourage differentiation

ccording to university research output and competitive funding.
n most countries universities are characterized by the absence
f correlation (concentration) between research, funding and top
esearchers: excellent researchers do not receive better structural
icy 40 (2011) 148–164 161

funding (although they probably win more competitive funding),
thus the universities they belong to do not necessarily come at the
top of the international rankings.

More research is needed to confirm these preliminary find-
ings. This paper is based on the first large scale effort to build
a data base of all the universities in a large number of Euro-
pean countries to enable comparative analysis. The data are based
on administrative census data, i.e. from a survey of university
administrations, collected and annotated by an international team
of researchers. The Aquameth dataset makes it possible, exper-
imentally, to shed light on a number of issues of great interest
to academic and policy debates, and paves the way to standard-
ized data at national statistical office level and more rigorous and
informed policy making. The evidence in this paper points to the
need for policy decisions based on empirical evidence at micro
level, to complement the broad analyses at aggregate (national)
level.

The micro approach followed in the project constitutes a first
step towards closing the gap between individual case studies and
studies based on aggregate national statistics. There is great poten-
tial for rigorous micro data gathering and data analysis exercises
at European level: the Aquameth project shows that this kind of
approach is both feasible and useful. The project demonstrates that
the integration of micro-data at European level, taking account of
all possible comparability issues, is feasible. The project combined
the collection of data and indicators with new methodologies in
econometrics (using both parametric and nonparametric tools such
as conditional efficiency models, see Bonaccorsi and Daraio, 2007),
long term theoretical investigation of the evolution of higher edu-
cation and knowledge production, and attention to the relevant
policy debates.

In a midterm perspective, we hope that the experimental work
carried out by the Aquameth project can be standardized and nor-
malized, in a professional way, at the level of national and European
statistical offices.4 There is a need for full scale validation, standard-
ization and exploitation of data, in addition to work to complete
time series.
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Table A1
Definitions of funding by country.

Country Tuition and fees Government funding EU and other
international
funding

Private funding Asset revenues Other funds

CH Fees General and contracts
funding from central and
regional
Governments + other
prog (not divided by
subcategories)

EU and international
funding

General and project
funding form private
sector (profit and
non-profit) plus
services revenues
(revenues from
continuing
education and
service activities)

Patrimonial
funds

–

DE Administrative
revenues: revenue
which has been earned
by the university for
services (without
research), e.g. revenue
from medical treatment,
selling publications,
selling agricultural
products, etc.

Current income from
state budget

– – – –

ES Student fees Funds provided by
central and regional
Government plus other
public institutions funds

EU funding Private funds Patrimonial
funds

Other funds
(financial ass-
ests + financial
liabilities + real
investments)

FI Not relevant. In the
Netherlands there are no
tuition or fees for
students in public higher
education institutions

EU funding Funding from
domestic and
international private
firms and non
government
agencies

– –

FR – – – Only project-based
funding and services
activities

– –

HU Not relevant because
only a small part of
students has to pay
tuition fees. The data is
not available.

General and contracts
funding from
Government

EU and international
funding (grants and
contracts)

General and project
funding form private
sector

– Other revenues

IT Tuition and fees Funds provided by the
national Government
and other public
institutions. In 1999 and
2000 includes only funds
from Ministry of
University and Research
(in 1999 only ordinary
transfers – FFO)

EU and international
funding. Up to 1998
only EU funding

Current and capital
funds from business
sector and from
organization other
than public
insitutions. Up to
1998 data refers
only to private
sector; In year 2000
it includes all funds
received from
organizations other
than Ministry of
University and
Research.

Income from the
investment of
general
endowments
(including
interest or
dividends, bank
interest or rents
from real prop-
erty) + patrimonial
alien-
ations + borrowing.

Other revenues.
2000 figure
refers to
borrowing
funds.

NL Tuition and fees General and contracts
funding from
Government

All international
grants (may even
formally be grants
from private
foundations from
abroad)

General and project
funding form private
sector (profit and
non-profit)

– Income from
interest and
from sales &
services
(excluding
contract income
and fees)

NO Not relevant. In Norway
there are no tuition or
fees for students in
public higher education
institutions

General and contracts
funding from central
Government plus
contracts funding from
regional Government.
For years 1995–1997
includes all contract
funding and also funding
from the Research
Council of Norway

EU and international
funding

Funding from
private sector

– Other revenues

PT Tuition fees – student
fees (UG)

Government Funding –
formula (mostly
enrolments by groups of
disciplines)

EU and international
funding

Private funding –
postgraduate fees;
net balances from
previous years;
contracts with
public and private
institutions

Other revenues
not relevant
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Table A1 (Continued)

Country Tuition and fees Government funding EU and other
international
funding

Private funding Asset revenues Other funds

UK Students fees: total
income from the
educational activities
only

Total funding from
general budget and
central government:
total income from the
higher education
funding councils only

This variable
includes all income
in respect of
externally
sponsored research
carried out by the
institution and
funded by the EU
plus overseas
institutions

This variable
includes all income
in respect of
externally
sponsored research
carried out by the
institution and
funded by UK
Industry and/or UK
Charities

This variable
includes the full
amount of the
income from the
investment of
general
endowments.
This includes
the income
earned from the
capital of the
endowment
whether arising
from the
interest or
dividends on
investments,
bank interest or
rents from real
property.

This variable
includes all
income in
respect of
services
rendered to
outside bodies,
including the
supply of goods
and
consultancies,
all non-research
income from UK
central
government
bodies, non-
departmental
public bodies,
UK local
authorities and
UK health and
hospital
authorities, all
non-research
income for
services
rendered to
industrial and
commercial
companies and
public
corporations
operating in the
UK; income
received from
UK health or
hospital
authorities for
the funding of
any employees
of the
institution,
including posts
in academic
teaching, except
those relating to
the provision of
a service and
income from
property rights
and licences.
PLUS other
funding from
assets

Total funding from
research contracts and
central government:
total income from the

R

A

A

A

A

B

B

office of science and
technology (research
councils) and other UK
Government
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