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Abstract

The paper provides a novel, empirically grounded map of innovation ‘clubs’ in
the EU, based on a unique analysis of micro-aggregated, country-level data. Using
exploratory factor analysis we articulate innovation variables in a taxonomy of four
‘latent’ innovation theories: Network-Innovation-System, Kaldorian, New-Growth-
Theory, and Schumpeterian. We then characterise clusters of countries (‘clubs’),
based on their performance against this taxonomy, and design a new map of EU
innovation clubs. We identify an articulated map of EU innovation hierarchy beyond
the rather well-known ‘core-periphery’ structure, and interpret how some of the
peripheries are functional to the ‘consolidated core’ of innovative countries, rais-
ing an issue of long-term sustainability of such hierarchies. We also find that even
the most innovative clusters show concerning weaknesses. The strongest cluster in
terms of its innovation system does not seem to exploit its full potential and lags
behind with respect to radical product innovations. Instead, the leading cluster in
terms of radical product innovations is strongly dependent on external innovative
activity, is focused on scale-intensive sectors, and has a fairly weak innovation sys-
tem. The periphery of small countries that show a healthy network structure, do so
because they mainly include supplier-dominated firms, reliant on innovation inputs
from the core. We offer some reflections on innovation policy within a broader view
of EU cohesion.

Keywords Innovation theories - National Innovation System - Exploratory factor
analysis - European cohesion policy

JEL Classification O30 - 052 - C38

< Ariel L. Wirkierman
a.wirkierman@gold.ac.uk

Extended author information available on the last page of the article

Published online: 31 January 2023 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40888-022-00289-1&domain=pdf
http://orcid.org/0000-0002-3642-0862

Economia Politica

1 Introduction

The destructive (Schumpeter, 1911) and cumulative (Schumpeter, 1942) features
of innovation tend to generate inequalities (Ciarli et al., 2020). Inequalities can
emerge between workers in terms of earnings (Autor et al., 2008) or employment
(Lazonick, 1979; Freeman et al., 1982), across firms (Song et al., 2019), countries
(Cimoli & Porcile, 2011; Milanovic, 2016), as well as regions (Lee & Rodriguez-
Pose, 2012). In recent decades, the growing concentration and accumulation of
knowledge, technology and intangible assets in the hands of a few have exacer-
bated these inequalities (Autor et al., 2020).

There is growing consensus that such inequalities are engendering a new wave
of social instability and political polarisation (Rodriguez-Pose, 2018; Naidu et al.,
2020). Focusing on the European integration, lammarino et al. (2019) argue that the
growing inequality among EU regions pose a substantial threat to future cohesion
and economic well-being in the Union. They suggest that such regional inequalities
are due to the combined impact of technological progress and trade as well as to
regional evolutionary features encroached in historical development paths, including
capabilities, firms, skills, and institutions (see also lammarino et al., 2020). Different
EU countries and regions have followed different innovation trajectories, based on
their historical developments and institutions (e.g. Mokyr, 2007; Ciarli et al., 2012).

Despite substantial and concerted policy effort to achieve a levelled-up ‘Inno-
vation Union’ (EC, 2015), the EU is far from being a cohesive ensemble of coun-
tries in terms of innovation and socio-economic performance. There are imbal-
ances, lack of convergence, innovation-driven clubs, which resonate with a classic
core-periphery structure (Krugman, 1991), recently revisited at the regional level
as the ‘places that do not matter’ (Rodriguez-Pose, 2018).

This evidence has often been (usefully) interpreted from an Innovation System
(IS) perspective. In one of his seminal papers, Chris Freeman (Freeman, 2002)
looked at ‘continental’, ’sub-continental’ and ‘sub-national’ differences in growth
rates as related to technical and institutional capabilities. Based on contributions
from historians of technical change (Landes, 1970), classical economists (List,
1841), and growth accountants (Abramovitz, 1986), he then attempted a first theo-
retical embedding of the notion of ‘Innovation System’. The very large literature
that has emerged since has been mainly preoccupied with the empirical implemen-
tation of the IS approach, and less so with its embedding in a comparable theoreti-
cal framework, to the point that the IS approach has often been considered a-theo-
retical, with notable exceptions (Nelson, 1993; Lundvall, 1992, 2007).

In this paper we take a step back and offer a novel attempt to give the IS approach
a theoretical dignity back. We do so by comparing it with established theoretical
approaches to explain the disruptive and cumulative effects of innovation and the
existence of EU innovation clubs. In addition, we provide ways to understand what
are the technological and institutional fundamentals —as framed in the innovation
systems literature (Freeman, 1987; Lundvall, 1992; Nelson, 1993)— that constitute
the ‘diverse development trajectories’ characterising different European macro-
regions, and which may drive inequalities and make them persistent.
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In particular, we use micro-aggregated, country-level data on innovation inputs,
institutions, and innovation performance, to identify latent innovation theories. Tak-
ing a data-driven approach, our main research question is: which innovation metrics
across countries can be associated to different innovation theories? With our answer,
we suggest plausible dominant sectoral and technological regimes (Pavitt, 1984).

We find that cross-country comparable innovation survey data can be structured in
remarkably well-defined innovation theories. We distinguish four: (i) the ‘Network-
Innovation-System’ approach characterised by interactions between public and private
organisations, stronger in process innovations; (ii) a ‘Kaldorian’ theory, characterised
by a local/regional cumulative, productivity-enhancing process driven by local effec-
tive demand; (iii) a ‘New Growth Theory’, where large firms with a concentration of
factor accumulation and product innovations dominate; and (iv) a ‘Schumpeterian’
theory, driven by in-house R &D investments and high shares of patenting firms.

By means of a hierarchical clustering technique, we identify five clusters of coun-
tries’ innovation clubs, with strengths and weaknesses in relation to the four theories.
Some of these are at odds not only with the established narrative of North—South
and East—West divide, but also with the traditional prescriptions from the different
innovation theories.

Besides confirming the well-known core-periphery structure in the EU innova-
tion system, we observe that some of the peripheries are functional to the ‘consoli-
dated core’ of innovative countries, raising an issue of long-term sustainability of
EU innovation hierarchies.

We also find that even the most innovative clusters, according to all four innova-
tion theories, show some unexpected weaknesses. For instance, the strongest cluster
in terms of innovation system does not have a solid performance in terms of radical
product innovations. Rather, the leading cluster in terms of turnover from product
innovations new to the market is strongly dependent on external sourcing, mainly
includes scale-intensive sectors (Pavitt, 1984), and is based on a fairly weak innova-
tion system. In addition, the periphery of small countries that show a healthy net-
work structure, do so because they they mainly include supplier-dominated firms,
reliant on innovation inputs from the core.

By looking at the micro-level sources of the European country ‘clubs’, our find-
ings ground the presence of a new European core-periphery, and add to the most
recent literature to empirically ground IS approaches (Cirillo et al., 2019; Fager-
berg & Srholec, 2008), taking into account the ‘goodness of fit" of IS approaches
amongst alternative innovation theories.

In sum, while EU peripheries persist, also the core innovation ‘clubs’ do not
show textbook innovation performances across theoretical approaches, each of them
having its own ‘dark side’. In this context, which risks to endanger traditional EU
cohesion policies, our paper offers fine-grained empirical evidence to disentangle
the underpinning components explaining the existence of EU clubs.

The rest of the paper is structured as follows. Section 2 highlights in detail our
main contribution to the relevant literature. We then describe the dataset and data
preparation procedures in Sect. 3. Section 4 provides an initial map of EU clusters.
We then perform an exploratory factor analysis to identify latent innovation theories
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in Sect. 5, which are then used to characterise, in Sect. 6, the map of EU innovation
clubs. Section 7 concludes.

2 Background and contribution

Amongst different perspectives on innovation and technological change, at least four
approaches seem to stand out. From a Neoclassical perspective, New Growth The-
ory (NG, hereinafter) posits an equilibrium growth path in which the introduction of
R &D-induced radical product innovations overcomes decreasing returns to factor
accumulation (see, e.g. Aghion and Howitt, 2009).

Instead, whilst Schumpeterian theories predict that knowledge-augmenting
investments — such as in-house R &D — would positively affect both innovation
outputs (e.g. patents) and economic performance (e.g labour productivity), they con-
template the possibility of persistent out-of-equilibrium dynamics as the growth pro-
cess unfolds (Nelson and Winter, 2002, p. 40).

Focusing on demand-induced mechanisms, Kaldorian theories emphasise the role
of investment, effective demand and the size of destination markets in favouring a
virtuous, cumulative process between (innovation) investments, labour productivity
and further investments (Kaldor, 1966).

Finally, one of the most established approaches in innovation studies is based on
the concept of (national) innovation system (IS). Albeit not a fully fledged theory
(Edler & Fagerberg, 2017), innovation system approaches have helped pinning down
the complexity of the innovation process by considering the institutional context;
the variety of actors involved in the innovation process; the type of investments and
cooperation that innovation entails; the potential barriers and bottlenecks, and the
role of public policy to mitigate these.

The IS approach posits that a wide set of national characteristics — beyond the
obvious size, population and per-capita GDP — are relevant to explain national dif-
ferences in science, technology, innovation and, ultimately, their economic perfor-
mance. More specifically, the core components of an IS are:

1. the private organisations responsible for the applications of basic science and
creation of knowledge and at firm and sectoral levels;

2. the scientific and technological public infrastructures, such as research centres,
universities and higher education institutions;

3. the battery of instruments used by the government to fund and support both of
the above, such as public procurement, grants, subsidies to firms and R &D tax
credits;

4. the nature and intensity of links between private and public actors aimed at
increasing scientific and technological capabilities.

The IS approach lends itself to make sense of the complexity of innovation, pre-

cisely thanks to its all-encompassing nature. Yet, it is this very same nature that
makes it quite difficult to be captured empirically, in the absence of a rigorous
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theoretical grounding. This is certainly so, when compared to alternative inno-
vation theories, such as NG theory, whose empirical propositions may be more
straightforwardly tested (based on a linear relation between inputs, e.g. capi-
tal, R &D investments, and outputs, in terms of certain economic performance
indicators).

Despite difficulties to capture it empirically, the IS approach has long informed
research and policy makers on the sources and nature of countries’ differences in
science and innovation performance, public support to science and economic out-
comes (Soete et al., 2010; Cirillo et al., 2019). It has proven useful to ‘apprecia-
tively’ complement alternative theories, including the growth literature on technol-
ogy clubs and countries’ divergences due to catching-up processes in science and
technology performance (see Nelson, 2006; Lundvall, 2007; Castellacci, 2008; Cas-
tellacci and Archibugi, 2008; Fagerberg and Srholec, 2008, among others). Argu-
ably, it would be advisable from a policy perspective, that innovation theories are
able to explain the presence of peripheries, and suggest normative interventions to
help them upgrade.

In this regard, our paper builds on the effort by lammarino et al. (2019), to sys-
tematise and assess extant innovation theories in terms of whether and how well
they are able to make sense of the (several) EU macro-regional divides. In particu-
lar, our empirical exercise complements the evidence shown in Shrolec and Verspa-
gen (2008) and Cirillo et al. (2019) and offers a two-fold contribution.

First, we empirically unveil latent innovation theories, based on an Exploratory
Factor Analysis performed on the Eurostat Community Innovation Survey 2014
(CIS2014) micro-aggregated data. We are able to identify, besides the established IS
approach, denominated Network-Innovation System, the Kaldorian theory, the New-
Growth Theory and the Schumpeterian theory, each synthesised by an emerging fac-
tor. Although it is outside the aims and scope of this work to test competing theo-
ries, we are still able to hint at whether different innovation theories may capture the
large variety of innovation performances in the EU.

Second, we provide a novel, empirically grounded map of innovation clubs in
Europe, associated to one or more of the latent innovation theories mentioned above.
The aim is to comparatively advance our ‘appreciative theorising’ of innovation
asymmetries across countries by empirically deriving the composite dimensions of
the innovation system, including firms’ behaviour and performance, as well as the
complex network of actors that firms interact with and respond to, such as public
local and national government, public and private research.

To our knowledge, the analysis provided here is the first of its kind to intertwine
the identification of EU innovation clubs — using hierarchical clustering — with
the articulation of ‘latent’ innovation theories — using exploratory factor analysis.
This allows us to appreciatively asses the explanatory power of alternative innova-
tion theories, on the basis of the existing clubs.

We find that some of the theories can only make sense of the performance of a
small sample of (hyper-performing) countries and are therefore not particularly fit
to explain the presence of peripheries (and its persistence). Some theories, instead,
would predict a high performance — based for instance on certain public interven-
tions — which does not emerge from our analysis.
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In sum, this evidence shows that a thorough reflection is needed on the extent to
which the conditional, country-specific factors, might make even a ‘textbook’ inno-
vation policy ineffective.

3 Dataset: Community Innovation Survey 2014 (CIS2014)

We use the publicly available micro-aggregated version of Eurostat Community
Innovation Survey, 2014 edition (CIS, hereinafter).1

The CIS is a firm-level survey executed at a national scale, which collects data on
several dimensions of innovative activity and outcomes. The unit of analysis con-
sidered is the enterprise with 10 or more employees enrolled (in most cases) in the
official statistical business register of each country. To ensure cross-country compa-
rability, the survey is carried out by means of a standard questionnaire, based on the
definitions and underlying methodology included in the well-known Oslo manual for
collecting and interpreting innovation data (OECD & EUROSTAT, 2005).

The survey is performed every two years, covering the 28 EU member states
and some additional countries.”> Most statistics refer to the 3-year reference period
2012-2014, even though some indicators specifically correspond to 2012 and/or 2014.

Rather than using a firm-level dataset, we use micro-aggregated CIS results (i.e. data
that have been aggregated across firms within each country, innovation type, economic
activity and size class combination). This choice is dictated by a number of reasons.

First, European innovation statistics generally use aggregated national data.’ By
using micro-aggregated data we provide a novel, and more fine-grained picture than
the use of traditional country-level indicators would allow.

Second, in the process of consolidating firm-level observations, national statisti-
cal institutes extrapolate collected data, by means of appropriate weighting schemes,
in order to get population totals. As a consequence, official micro-aggregated data
deal with the issue of sample size heterogeneity across countries.

Third, it should be borne in mind that individual firms cannot be followed from
one CIS wave to another, which implies that micro-data cannot be treated as a panel
across sequential CIS editions.

Fourth, focusing on micro-aggregated results allows us to obtain variables meas-
uring both the proportion of firms that engage in innovation activity, cooperation,
receive public funding or achieve a certain outcome,* as well as the intensity with
which firms perform those tasks (e.g. the value of R &D expenditure). This is cru-
cial as CIS firm-level studies mostly rely on binary or Likert-scale variables, as

' A detailed meta-data description can be found in:http:/ec.europa.eu/eurostat/cache/metadata/en/inn
cis9_esms.htm.

2 The CIS 2014 has been conducted in the following additional countries: Norway, Iceland, Switzerland,
Serbia, Macedonia and Turkey.

3 See Sect. 3.1. Data description’ in Eurostat CIS 2014 meta-data documentation:http://ec.europa.eu/
eurostat/cache/metadata/en/inn_cis9_esms.htm.

# Variables of this sort are a “ratio between the selected combination of indicator, type of innovators and
— in most cases — the total category of the selected type of innovators”, as reported in:http://ec.europa.
eu/eurostat/cache/metadata/en/inn_cis9_esms.htm.
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innovative expenditure data by type is aggregated (due to confidentiality issues),
preventing its use in empirical studies (Shrolec & Verspagen, 2008).

Eurostat performs no imputation for missing firm-level data. In general, this
implies a trade-off between country availability and the breadth of variables consid-
ered in empirical analyses (see, for example, the discussion in Shrolec and Verspa-
gen, 2008, p. 12). Given that our aim is to have the widest possible country cover-
age, we have estimated missing values at the micro-aggregated level.’

We considered 24 European countries for which data gaps made the missing-data
imputation process parsimonious.® As a result, we obtained a working dataset con-
sisting of 22 variables across 24 countries.

The 22 variables considered provide information on the expenditures, ownership
structure, knowledge acquisition, sources of cooperation links, public funding/pro-
curement, protection mechanisms (patents), average firm size and productivity in
relation to innovation activities and outcomes.

We aim to articulate these variables into four dimensions that characterise an IS:
(i) innovation inputs and demand sources, (ii) the type of cooperation links, (iii) gov-
ernment role and public sector policies, and (iv) innovation outputs. Table 1 reports
a dictionary of the 22 variables we have used. Each row corresponds to a variable
and includes a code label used throughout the paper, the firm type which it refers to,
a short description and its unit of measurement.

The CIS covers both inputs/strategies (e.g. implementation, adoption) and out-
puts/effects (e.g. successful, ongoing or abandoned) of innovative activities. Moreo-
ver, the CIS organises data collection according to the type of innovation activity
that firms declare to be engaged in (product, process, organisational and marketing
innovation). The variables that feed into our data reduction procedures are (almost
exclusively) limited to product and process innovation (i.e. technological innova-
tion),” even though we consider some variables that correspond to the entire subset
of innovative firms,® as well as some referring to the total universe of firms.” Note
that we have chosen the indicator-per-firm-type which maximises the number of
observations across countries, conditioned therefore to data availability.

4 Innovation‘clubs’in the EU through hierarchical clustering

Our starting point is a multivariate sample of observations for 22 variables across
24 countries covering a variety of aspects of the innovation process, as captured by
the CIS. A first aim is, without imposing any a priori constraint, to identify a set

5 Please see Appendix A for details.

% The countries considered (with the corresponding ISO2 code) are: Austria (AT), Belgium (BE), Bul-
garia (BG), Cyprus (CY), Czechia (CZ), Germany (DE), Denmark (DK), Estonia (EE), Greece (EL),
Spain (ES), Finland (FI), France (FR), Croatia (HR), Hungary (HU), Italy (IT), Lithuania (LT), Latvia
(LV), Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Sweden (SE) and
Slovenia (SI).

7 In the CIS these firms are labelled TNNOACT: product and process innovative enterprises regardless
of organisational and marketing innovation.

8 In the CIS these firms are labelled ‘INNQ’: innovative enterprises.
° In the CIS the label used is “TOTAL’: total enterprises.
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of mutually exclusive homogeneous country groups, i.e. clusters, based on (rela-
tively) similar within-group values when considering all variables jointly. To do so,
we apply a data-driven, agglomerative hierarchical clustering technique (Everitt and
Hothorn, 2011, p. 166) to obtain innovation ‘clubs’ in the EU.

Intuitively, if we had only two dimensions by which to compare countries, e.g. R
&D expenditure and labour productivity, the problem would be relatively straight-
forward to visualise: groups would be identified by drawing lines across a two-
dimensional scatter-plot separating different ‘clouds’ of dots, each dot representing a
country along those two dimensions.

However, considering g = 22 dimensions simultaneously requires to refine both
the assessment of the relative distance between g-dimensional (data) points, as well
as the procedure to merge countries into groups.

To compute the distance between country i and j across the g variables, we use
the Euclidean distance. And given that some of our variables in Table 1 differ in
their unit of measurement, we standarise each of them before computing bilateral
country distances:

. 1/2
_ 2 . _ Xip = X
dij = (;(Zir - er) ) ., with Zip = s (D)

r

where X, and s, are the cross-country sample average and standard deviation, respec-
tively, for variabler = 1, ... , q.

As an outcome, the obtained symmetric bilateral country distance matrix
D = [d;] is used to merge countries into groups. Starting from a set of n = 24 clus-
ters (each representing a different country), the agglomerative algorithm merges the
nearest pair of distinct clusters into a new group, iteratively repeating the process
until only one group (containing all countries) is obtained.

While the bilateral distance between two countries is given by (1), the distance
between any two country groups will be given by the distance between those two
countries — one in each group — which are more dissimilar between them:

dap = max (dy) ®)

where A and B are country groups. The clustering rule given by (2) is known as com-
plete linkage (or farthest neighbour) clustering (Everitt and Hothorn, 2011, p. 167).
Intuitively, country groups will be merged in this case when the most distant pair of
countries between two groups are still relatively closer than with respect to any other
group.

Applying this iterative algorithm leads to a hierarchical structure known as den-
drogram, in which countries have been successively merged into non-overlapping
subsets. Figure 1 reports the resulting dendrogram in our case.

The dashed circle in Fig. 1 ‘cuts’ the dendrogram into five clusters (numbered
1-5). Cluster 1 includes three Nordic countries — Norway (NO), Sweden (SE)
and Finland (FI) — as well as Austria (AT) and Belgium (BE). Cluster 2 includes
the two largest countries of the EU, Germany (DE) and France (FR), as well as the
Netherlands (NL) and Denmark (DK). Cluster 3 comprises Italy (IT) and Spain
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Fig. 1 Dendrogram of Innovation Clubs in the EU. Source: Own elaboration based on EUROSTAT CIS
2014 Database

(ES), together with Czechia (CZ) and Hungary (HU). Cluster 4 is composed by
a large set of relatively small EU countries: Greece (EL), Cyprus (CY), Croatia
(HR), Lithuania (LT), Estonia (EE), as well as Portugal (PT) and Slovenia (SI).
Finally, cluster 5 comprises four Central-Eastern European (CEE, hereinafter)
countries: Romania (RO), Poland (PL), Bulgaria (BG) and Latvia (LV).

At this point, cluster numbers have been allocated without a specific criterion
in mind. In fact, while the clustering procedure has allowed us to identify five
country subsets, how should we compare cluster-average values for all 22 vari-
ables? By performing an exploratory factor analysis, in the next section we organ-
ise variables into conceptual subsets, allowing us to intertwine cluster-average
values with variable groups, in order to understand differences in the innovation
profiles across EU innovation clubs.

5 Latentinnovation theories through exploratory factor analysis
5.1 Method

We use exploratory factor analysis (EFA, hereinafter) to identify (latent) com-
mon factors that best describe the differences across innovation clubs identified
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in Sect. 4. As will be seen below, each factor identified may be associated to an
alternative theoretical perspective on innovation and technical change.

EFA is a statistical data reduction technique which allows us to combine and
summarise groups of observed variables according to their covariances. Essen-
tially, it uncovers the way in which these variables form coherent subsets. The
underlying rationale behind the method is to formulate a linear probability model
with specific moment constraints such that the observed covariances between the
observed variables can be explained by the relationship of these variables with
the (common) latent factors. Essentially, the k-factor model for g observed vari-
ables and k latent factors can be formulated as:

X=c+u, Vi=1l,...q 3)

¢; = Aufi 4 -+ Ayfer Vi=1,...,q @@

where, in our context, the variable x;, which measures an observable characteristic

of innovative activity (e.g. share of in-house R &D expenditure), is linked to a linear

combination of (unobserved) latent factors c; and randomly disturbed by the term u;.
By assuming that:

(i) Random disturbances u; are uncorrelated with each other:

Cov(u;,u,) =0, Vis=1,...,q;

(i) Random disturbances u; are uncorrelated with latent factors f;:
Cov(u,-,]j-) =0, Vi=1,....,qandVj=1,...,k;

(iii) Factors f; are uncorrelated with each other!'’:
Cov(]?,f,) =0, Vir=1,....k

(iv) Factors are standardised!:
Ef)=0, V() =1, Vji=1...k

we obtain the essential result that:

Cov(x;,x,) = B(xx,) = A;1 Ay + - + Apdy, Vis=1,...,q, i#s

i.e. the covariance amongst observed variables x; and x, depends exclusively on the

connection between the variables and the kK common factors (coefficients 4;, ..., 4;
for x;and Ay, ..., Ay for x,).

The formulation of the problem (3)—(4) under assumptions (i)—(iv) implies that
coefficients 4;;, ..., 4; are regression coefficients of x; on the factors fi,...,f;.

10 This latter constraint on the cross-moments between factors will be relaxed in our implementation of
the setting.

' Due to their being unobserved, the scales and locations of factors can be fixed arbitrarily (Everitt and
Hothorn, 2011, p. 137).
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Such coefficients are labelled factor loadings and quantify the correlations between
the observed variables and the factors, i.e. coefficient }”ii quantifies the correlation
between variable x; and factor f;. When jointly considered, the k-factor model may
be compactly expressed as:

x=Af+u 5)
where:
X Aip e Ay fi U
x=| 1, A=+ =~ | f=|:}| w=|':
X, Aql ﬂqk T u,

Crucially, the assumptions above imply that the population covariance matrix of the
original variables is given by:

X=AA+o0, (6)

where o, = diag[V(;)] is a diagonal matrix with the variances of the variable-spe-
cific random disturbances u;. R

Thus, the estimation problem of interest is to find point estimates A and &, such
that the sample covariance matrix S of the (manifest) variables can be approximately
written as:

S~AA +8, @)

i.e. to obtain a predicted covariance matrix that resembles the sample covariance
matrix of the manifest variables. 12

But in order to estimate A we need to decide on its number of columns, i.e. the
number of factors k. In fact, solutions with k and k + 1 factors will produce a differ-
ent set of factor loadings alfogether. A solution with not enough factors will have
too many high factor loadings associated to each of them, whereas a solution with
an excess of factors may render difficult the conceptual interpretation (i.e. finding a
meaning through combining subsets of the original variables).

Alternative approaches to determine k involve, amongst others, the Kaiser
(1960, p. 145) criterion to keep as many factors as there are eigenvalues of the
sample correlation matrix greater than 1, as well as an inferential procedure based
on iteratively incrementing k by one and performing a hypothesis test (Everitt &
Hothorn, 2011, p. 143). However, something frequently overlooked by the litera-
ture is that these procedures generally provide an upper bound for k (Everitt and
Hothorn, 2011, p. 155). In fact, the choice of k may be done by starting from k = 1
and iteratively increasing its value up until the upper bound is reached; in each step
assessing which configuration provides a convincing interpretation and discrepan-
cies between the actual sample correlation matrix — S in (7) — and the predicted
one — AA + 6, in (7) — are contained.

12 Note that “factor analysis is essentially unaffected by the rescaling of the variables” (Everitt and
Hothorn, 2011, p. 139), so it is essentially equivalent to work with the covariance or correlation matrix.
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A further element to be considered is that factor analysis accounts only for the
variation in the observed variables shared through the common factors. The focus
is on the estimates }:U- of regression coefficients AU-.B We are not accounting for the
entire variance of the observed variables.'*

We perform an EFA involving all variables in Table 1. In particular, we fit a
k-factor model — as specified in (5) — to a sample of multivariate observations for
the 24 countries. '’

To obtain the point estimates of the matrix of factor loadings A in (5) we apply maxi-
mum likelihood (ML), which is a scale-free estimation method (Timm, 2002, p. 504).'¢
As a data preparation procedure, we standardise all data points by subtracting the sam-
ple mean and dividing by the standard deviation for each original variable.!’

After having obtained the point estimates, we adjust factor loadings applying the
oblimin ‘rotation’, which is an oblique transformation that allows for correlation
between factors (rather than imposing an orthogonal rotation).'® Adopting this trans-
formation implies that our solution now consists of three matrices:

A K

(qgk) - (51§</<) X (/g?k) ®)

where I is the structure matrix, A the pattern (loadings) matrix, and ® the fac-
tor intercorrelation matrix. Essentially, elements of I" provide the correlaggn coef-
ficients between the latent factors and the observed variables, elements of A are the
regression coefficients that, multiplied by (transformed) factors, give us the observed
variables, and elements of ® quantify the correlation between factors.!”

13 1n fact, the estimate for the variance of the variable-specific disturbance term V(ui) is obtaj\ngri as a
residual. This may give rise to Heywood cases: the point estimate of the diagonal terms in AA may
exceed the sample variance of the manifest variable resulting in a negative estimate for V(ui) (for details,
see 2011).

14 These two latter features, i.e. number of factors and share of variance accounted for, should be taken
into consideration when interpreting results, especially when comparing EFA with other data reduction
techniques, such as Principal Component Analysis (PCA).

15 It has to be borne in mind that including variables that are implicitly contained in other variables
should be avoided in factor analysis. For example, consider including a set of variables measuring the
percentage of firms engaged in alternative types of innovation cooperation, as well as a variable quanti-
fying firms engaged in any type of cooperation. The latter variable should be excluded, otherwise factors
that load highly on cooperation measures will be artificially higher (see e.g. Shrolec & Verspagen, 2008).

16 Usually, studies using firm-level CIS data avoid the recourse to maximum likelihood factor analysis,
due to the fact that binary and Likert-type variables do not conform to the hypothesis of multivariate
normality of the underlying data (e.g. Shrolec and Verspagen, 2008). However, unlike in most of the
extant literature applying EFA to CIS-like data, we consider continuous variables, making this estimation
method particularly fit for our purposes.

17 Recall that factor analysis is unaffected by the rescaling of the original variables.

13 The oblimin transformation is particularly apt for solutions obtained with ML. ML imposes a restric-
tion on the diagonal character of ATO'u‘IA, so an oblique transformation improves the description of the
results (Raykov & Marcoulides, 2008, p. 268). Moreover, it has been noted that orthogonal rotations may
often lead to biased results (Shrolec & Verspagen, 2008).

19 The oblimin ‘rotation’ procedure consists in applying a nonsingular transformation matrix T such that
f*=Tf and A* = AT in (5). Moreover, the population covariance matrix implied by the model in
(6) becomes: T = A®A" + o, where ® is the population factor inter-correlation matrix. For details see
Timm (2002).
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A% ~
We interpret the fitted model results on the basis of matrix A = [/1;‘;.]. A high factor
loading coefficient j; indicates that, for a given correlation structure between factors,

the observed variable x; has a high (linear) association with factor f;, so we say that
variable x; ‘shapes’ factor f,. We group variables i = 1, ..., ¢ into subsets according to
how their corresponding factor loading coefficients shape different factors. The oblimin
transformation produces a simple pattern matrix that allows to unambiguously allocate
each observed variable to one of the factors identified (in most cases). This way, factors
are defined on the basis of their constituting elements. The label attributed to each fac-
tor mirrors our interpretation of the relative importance of the variables that shape it.

5.2 How factors fit different innovation theories

Table 2 reports the results of applying EFA to our dataset. Starting from k = 1 and
iteratively increasing the number of factors by one, we found that k = 4 factors pro-
vide a parsimonious articulation of the 22 variables.”’ Panel (A) reports the point
estimates 2;, arranged as a 22 X 4 matrix. Variables along rows are displayed in four
blocks, each corresponding to a factor (i.e. column) to which they have been allo-
cated, according to their factor loadings.

Interestingly, the variable subset allocated to each factor provides a quantitative
description which may be associated to an alternative theoretical perspective on
innovation and technical change.

The first factor in Panel (A) of Table 2 features variables that indicate relational
aspects of innovation activities, thus it has been labelled ‘Network-Innovation-Sys-
tem’ (IS, hereinafter) factor. It comprises variables capturing cooperation links with
suppliers and with other firms within the enterprise group, as well as with higher
education institutions and governmental research institutes. It also includes procure-
ment policies by domestic and foreign governments and the share of firms whose
largest market is the EU (rather than local/regional/national markets). The output
indicator with the highest positive loading for this factor is process innovation in
production.

The ‘innovation systems’ approach particularly emphasises “the network of institu-
tions in the public and private sectors whose activities and interactions initiate, import,
and diffuse new technologies” (Freeman, 1987, p. 1). Thus, by loading particularly
high onto cooperation links, this factor captures cross-country variation in this theo-
retical dimension of the innovation process. Moreover, by including the share of firms
which are part of an enterprise group, foreign procurement and the EU as the larg-
est market, the degree of internationalisation is also captured. Notably, the IS factor
explains 28% of the total variance in the correlation structure between variables.

The second factor in Panel (A) of Table 2 has been labelled ‘Kaldorian’ (KA, here-
inafter) factor. It suggests a local/regional cumulative process between funding and
largest market source, with a labour productivity proxy (i.e. turnover per employee) as
output indicator. The combination of: (i) the virtuous circle between local innovation

20 Incidentally, k = 4 corresponds to the number of eigenvalues of the sample correlation matrix S in (7)
which are greater than one.

@ Springer



Economia Politica

funding and local demand absorbing the largest share of firms’ output and (ii) higher
productivity levels, may be interpreted under the theoretical lens of the Keynesian
principle of effective demand coupled with Verdoorn’s Law (Kaldor, 1966, p. 306):
local/regional demand exerts a positive influence on labour productivity, and funding
injections by local authorities trigger income creation that is channelled towards local/
regional markets.

The local/regional emphasis of this factor is made clear when looking at the EU
funding variable, which has a sharply negative factor loading, implying a negative cor-
relation between the share of firms receiving EU funding and the other variables that
characterise this factor. On the one hand, this suggests a substitutability between local/
regional and EU funding whereas, on the other, it points to the fact that EU funds are
addressed precisely to countries lagging behind in terms of labour productivity, which
is in line with an EU funding policy aiming at cross-country convergence. Note that
the KA factor explains 20% of the total variance in the correlation structure between
variables.

The third factor in Panel (A) of Table 2 has been labelled ‘New-Growth-Theory’
factor (NG). It comprises total innovation expenditures per firm, the share of external
R &D, average firm size (in terms of employees) and turnover per firm from product
innovations that are new to the market. In particular, the endogenous growth paradigm
developed by Aghion and Howitt (2009, p. 15) may aid in interpreting the variables
composing this factor.

Within the baseline presentation (Aghion & Howitt, 2009, pp. 85-90), growth
through ‘drastic’ (intermediate) product innovations is characterised by a higher rate
of firm turnover associated to entry/exit with a monopolistic market structure. In this
setup, “the more the entrepreneur spends on research, the more likely she is to inno-
vate” (Aghion & Howitt, 2009, p. 88), motivating the connection between total inno-
vation expenditures and turnover from product innovations. Instead, the share of exter-
nal R &D captures the fact that research activities are excludable, so innovators are
remunerated for pursuing them, and firms may outsource the R &D process in view
of accumulating the factor input which leads to product innovations. The NG factor
explains 11% of the total variance in the correlation structure between variables.

Finally, the fourth factor in Panel (A) of Table 2 has been labelled ‘Schumpet-
erian’ factor (SC, hereinafter). It includes the share of in-house R &D, the propor-
tion of manufacturing-to-total R &D and the share of firms applying for a patent. As
noted by Freeman (1979, p. 209), the dependence of technical change on scientific
developments is particularly relevant in manufacturing industries such as chemi-
cals and electronics, whilst “strong in-house R and D [...] will usually be needed
to convert the first awareness of the new potential into a competitive advantage”
(Freeman, 1979, p. 211), reflected in patenting activity. Hence, this fourth factor
comprises variables highlighted by the evolutionary tradition inspired by Schumpe-
terian insights, and it explains 13% of the total variance in the correlation structure
between variables.

It is important to note that while each variable has been allocated to only one fac-
tor, some of them load relatively high onto another factors, enriching their concep-
tual interpretation.
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For example, the negative loading of employees per firm onto the Kaldorian fac-
tor — in contrast with its high and positive loading onto the New-Growth-Theory
factor — suggests strong differences in the average firm size that characterises each
factor: small and medium-sized firms in the former vis-ad-vis relatively larger firms
in the latter.

Interestingly, process innovation in production has a sharp negative loading onto
the New-Growth-Theory factor, whose main output variable is turnover from prod-
uct innovation, suggesting that process and product innovation do not share com-
plementary mechanisms, rather quite the opposite: the network structure of coop-
eration links coupled with procurement and internationalisation — characterising
the Network-Innovation-System factor — seems conducive to process innovation;
whereas the accumulation (also through outsourcing) of innovation expenditures —
characterising the New-Growth-Theory factor — seems instead conducive to prod-
uct innovations.

Finally, cooperation links with universities has also a high positive loading onto
the Schumpeterian factor, evincing the role of knowledge creation and diffusion
through higher education institutions in science-based innovation, which character-
ises the evolutionary approach.

Before proceeding, it is important to be mindful of some of the limitations of
exploratory factor analysis (EFA). First, the central role played by latent variables
and second, the lack of uniqueness of factor loadings. As regards the former, while a
factor is operationally defined by its loadings, the labels we allocate to factors reflect
our interpretation of the partition of variables into subsets. But since factors can-
not be directly measured, their existence is open to question. As regards the second
point, it may be shown (Everitt & Hothorn, 2011, p. 143) that there is no unique
solution for A in (5), i.e., the factor loading matrix. Depending on the factor rotation
method, the description of the solution (though not its overall structure) will change.

The application of EFA led to the partition of the set of 22 original variables into
4 subsets associated to different factors. These subsets suggest alternative interpre-
tations for each factor, according to a theory of innovation and technical change.
Therefore, by combining the partition of countries into clusters — in Sect. 4 — with
the articulation of variables into factors, the study of cluster-average values for each
variable becomes a performance comparison of EU innovation clubs across different
innovation theories, which we explore in the next section.

6 Innovation clubs seen through latent theories: The dark sides
of innovation in Europe

Table 3 reports, for each innovation theory (i.e., each factor), the average value of
variables in Table 1 for each of the five clusters identified in Sect. 4. Based on these
values, we can compare how each of the five identified clusters fares with respect to
each theory and, more in detail, in relation to each of the underlying variables.

For ease of comparison, Panel (B) in Table 3 reports — for each variable — the
ratio between cluster-average values and the average across clusters (as well as the
coefficient of variation in parenthesis). Values above (below) one identify variables/
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theories for which the cluster scores above (below) the average. The heat map helps
distinguishing variables/theories in which clusters score close to the average (yel-
low) from those where they score above (green) or below (red).

The first thing to note is that the clusters identified in Fig. 1 of Sect. 4 have been
labelled (1)—(5) in correspondence to their overall innovation performance, across
all theories: starting from the best performing first cluster (Nordic model) to the
most laggard country group, i.e. the fifth cluster (CEE factories).

The Nordic model cluster (comprising Austria, Belgium, Finland, Norway and
Sweden), on average, scores highest across all theories, with the exception of the
New-Growth-Theory factor. Its countries achieve the highest relative patenting
ratio — with 6.38% of its firms applying for patents — and scores approximately
twice the average on most variables that define the Network-Innovation-System fac-
tor. These are countries with a particularly cohesive innovation system, with strong
cooperation with suppliers and research organisations, strong ties with enterprise
groups (especially Belgium, Norway and Sweden), high shares of public procure-
ment, both domestic and foreign, and high levels of funding from the central govern-
ment (with the exception of Sweden).?! Another theory on which they score on top
of other clusters is the Kaldorian factor. These countries rely on substantial fund-
ing from local/regional government, as well as on local/regional demand sources,
evincing a cumulative productivity-enhancing circuit between local expenditure and
income.

The top performing cluster of small Nordic innovative countries has one “blind
spot”, though. Although they have the highest patenting and incremental process
innovation rates (hosting the most productive firms, in terms of average turnover per
employee), their average firm turnover from radical product innovations tends to be
below average, even in comparison to clusters that score below on all other variables
and theories.

The New-Growth-Theory model, instead, fits the two next clusters — (2) and
(3) in Table 3. Cluster (2) is the EU “consolidated core” of innovators (Denmark,
France, Germany and the Netherlands), rating highest in total innovation expendi-
tures (including intra and extra mural R &D), and with a patenting score similar
to that of the Nordic model cluster discussed above. With respect to the first clus-
ter, while it does not score as high across variables, it emerges as more ‘balanced’
across theories.

For the consolidated EU core, Network-Innovation-System indicators are (in
almost all cases) above average, and the cluster experiences a virtuous Kaldorian
circle between local/regional innovation funding, demand and labour productivity.
Moreover, countries fit squarely with the Schumpeterian theory and, as previously
mentioned, they excel in the New-Growth-Theory model, leading to a high turnover
from radical product innovations — with the only exception of Germany, which is
most competitive within the Schumpeterian model, having the highest patenting rate
across all EU countries.

The results suggest that countries in this cluster host different types of firms,
though science-based firms (Pavitt, 1984) seem to be prominent. These are firms of

21 We report country-level values for all variables in Tables 5 and 6 of Appendix B.
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relative large size, whose main source of technology is internal and based on sourc-
ing from external R &D labs, whose demand is particularly sensitive to innovative
performance (e.g. electronics and pharmaceuticals), that focus on both product and
process innovations and whose means of appropriation range from (R &D) know-
how, process secrecy and patents. Overall, this second cluster is the highest scoring
and the most balanced, and performing consistently high against the four innovation
theories identified in the exploratory factor analysis of Sect. 5.

Cluster (3) in Table 3 (comprising Czechia, Hungary, Italy and Spain) may be
considered as the innovative periphery within the EU. It excels in terms of aver-
age firm turnover from product innovations new to the market, for a similar average
firm size but considerably lower innovation expenditures than average. If we were to
focus on this output indicator of the New-Growth-Theory factor, we would consider
EU’s innovative periphery as quite successful.

However, such innovative performance hides a substantially more dismal picture.
First, contrary to the consolidated core, the New-Growth-Theory model behind such
peripheral innovative performance is not as virtuous. Their radical product innova-
tions are associated to factor accumulation and external acquisition of R &D. Low
patenting activity make these countries’ performance quite weak in terms of the
Schumpeterian approach, even if their sectoral R &D composition privileges manu-
facturing industries.

Second, and possibly more problematic, is the finding that the innovative dynam-
ics characterising this cluster does not rely on a healthy innovation system. With
the exception of Czechia, countries on this cluster score far below average on all
networking and collaboration indicators (with the exception of the access to the
EU market, which is another signal of a dominant traditional large manufacturing
sector).

Third, the cluster seems to be split with regard to virtuous local Kaldorian dynam-
ics. While Italy and Spain evince a clear above-average pattern of local/regional
innovation funding-cum-largest demand source, a weak performance is observed for
Czechia and Hungary. This asymmetry probably relates to these countries’ different
institutional configuration and background: the former have experienced a process
of accelerated growth within the Golden Age of Capitalism (1945-1970s) — albeit
if at different times — whereas the latter had been centrally planned economies up
until the 1990s.

Thus, the comparative innovative profile just described suggests that firms from
countries in this third cluster are specialised in scale-intensive traditional manufac-
turing (continuous process, large-scale assembling) industries (Pavitt, 1984). With
the exception of Italy, these countries exhibit firms of relatively large size, whose
main source of technology is external R &D, whose demand is particular sensitive
to price and changes in the product design (e.g. automotive and consumer durables),
and whose means of appropriating innovation benefits is process secrecy, technical
lags, firm-specific skills and dynamic learning economies in continuous production
processes (Pavitt, 1984, p. 362).

The fourth cluster of peripheral suppliers in Table 3 (including Cyprus, Croa-
tia, Estonia, Greece, Lithuania, Portugal and Slovenia) turns the third cluster upside
down. Contrary to the latter, it scores lowest in terms of turnover from product
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innovations new to the market, and in general does not fit within the logic of a New-
Growth-Theory model. However, it does not score substantially below average in
terms of the Network-Innovation-System theory, especially for some of its constitu-
ent countries, such as Lithuania, Slovenia and Portugal. These latter two countries
score close to average also for those variables composing the Schumpeterian factor.

Overall, though, in terms of innovation outputs, countries in the fourth cluster
tend to score below average across all indicators except for the share of firms intro-
ducing process innovations in production. Thus, despite its relatively good perfor-
mance in relation to the Network-Innovation-System factor, the position of these
countries is not at the core of innovation, but within the periphery. The fact that
most countries of the cluster score above average in variables such as cooperation
with suppliers, procurement and access to the EU market suggests that they per-
form a role of peripheral suppliers for core economies and (some of the) innovative
peripheries in clusters (1)—(3) of Table 3.

Firms in countries of cluster (4) seem to pertain mainly to the supplier dominated
type within the Pavitt (1984) taxonomy. These are relatively small firms, whose
main source of technology is (mostly foreign) providers of material and equipment,
whose demand is particularly sensitive to price (e.g. traditional manufacturing sec-
tors, agriculture and construction), focus on (cost-cutting) process innovations and
whose means to appropriate innovation benefits are non-technical (e.g. trademarks
and design).

The last (fifth) cluster in Table 3 is composed of low-wage large factories in East-
ern European Countries (Bulgaria, Latvia, Poland and Romania). These countries
host the largest firms (in terms of employees) of the whole sample, and score mark-
edly below average across all innovation output indicators, and across all innovation
theories, with the exception of Poland and Romania who have a close to average
labour productivity. Most firms in these countries may be included in the supplier-
dominated and scale-intensive classes of the Pavitt (1984) taxonomy.

The emerging picture of EU innovation clubs (that is, innovation performance
across clusters) uncovers a number of problems, that are the measure of the several
shades of darkness in terms of uneven development resulting from innovation.

First, cohesion. Although this problem is well known, our analysis illustrates the
implications of the core-periphery structure of international production in the EU, in
which “CEE countries are usually located further downstream in global value chains
than their euro area partners. They typically import industrial equipment and higher
value-added components from euro area countries, which they then use to produce
additional components and assemble intermediate goods or final products” (ECB,
2013, pp. 17-8).22 Thus, while the EU consolidated core — cluster (2) — is the
most balanced, it still relies on the CEE (low-wage) factories — cluster (5) — and,
in part, on the innovative periphery (Czechia and Hungary) — cluster (3). Neither of
these two latter clusters seem to greatly benefit from this core-periphery relationship
in terms of innovative performance.

22 In fact, “At least one-third of CEE countries’ top 15 trade partners in global value chains are from the
euro area. Among the euro area countries, Germany is the most important trading partner of CEE coun-
tries in global value chains, followed by Italy, France and Austria” (ECB, 2013, pp. 15-6).
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Second, the peripheral small countries in cluster (4), with an above average score
in selected variables of the Network-Innovation-System model and second-highest
rate of process innovation is, mainly, dominated by suppliers. While a more detailed
panel of micro-data would help us assess the extent to which these countries benefit
from these supplier-dominated type of core-periphery relationships, the fact remains
that their country-level innovative performance is well below the EU average.
Hence, an innovation system reliant on cooperation links with (technology) suppli-
ers, intensive in public procurement and having the EU as largest market may indeed
be conducive to (cost-cutting) process innovations, but may, at the same time, hinder
the possibility of a proper catch-up in terms of wider (and necessary) dimensions of
innovative performance (such as patent applications, labour productivity and turno-
ver from radical product innovations).

Third, possibly the most controversial, the innovative periphery cluster (3) per-
forms in terms of radical (new to the market) product innovations better than any
other cluster, but such innovative performance is not based on a solid innovation
system. The performance of the Schumpeterian innovation process is below aver-
age (Czechia, Hungary, Spain) or close to average (Italy). Knowledge flows through
cooperation links by means of the Network-Innovation-System factor are compara-
tively lacking (Hungary, Spain, Italy) or close to average (Czechia). A virtuous
income-expenditure Kaldorian circle is only present in Italy and Spain. Even the
New-Growth-Theory model is based mainly on external, outsourced R &D efforts
and on scale-intensive activities. It is difficult to imagine how these countries may
sustain their above-average innovative output indicators, if it were not for the reli-
ance on the other clusters to support the innovative effort (external R &D).

Fourth, the Nordic innovative cluster (1), which excels in terms of the Network-
Innovation-System, Schumpeterian and Kaldorian factors, does not seem to be able
to exploit those investments, collaborations, and strong flows to generate high aver-
age firm turnover from radical product innovations, possibly relying for that on other
firms within the enterprise group which are located in the EU consolidated core.

Finally, the EU consolidated core — cluster (2) — is balanced and stable, but
relies on several peripheries, and on the cohesion of the EU. As noted above, the
weakness of some of the other clusters may not guarantee the sustainability of such
cohesion in the long run.

7 Conclusion

The aim of this paper was to unpack the theoretical and empirical fundamentals
behind EU innovation asymmetries. We provided a map of EU innovation ‘clubs’,
and associated their idiosyncratic characteristics to the extent to which they fit dif-
ferent innovation theories.

First, we unveiled the several shades of darkness that innovation leads to, in
terms of uneven performance, and the implicit dependency relations amongst dif-
ferent clubs, which makes these asymmetries particularly difficult to level up. Sec-
ond, we offered an empirically grounded way to ‘appreciatively’ assess the explana-
tory power of different innovation theories to make sense of the uneven innovation
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performance and the presence of peripheries. The intended contribution of this
paper is directly relevant to policy, as it shows that deriving innovation policy impli-
cations based on a single innovation theory might risk overlooking a variety of
(other) weaknesses.

Based on the micro-aggregated Eurostat CIS2014 data, we proceeded in a two-
step fashion.

First, we applied a hierarchical clustering algorithm to organise distances between
countries across 22 innovation variables. Five country groups emerged. The ‘Nordic
model’ cluster, which includes Finland, Norway, Sweden alongside Austria and Bel-
gium. The ‘Consolidated core’ including not only Germany, France and the Nether-
lands, but also Denmark. The ‘Innovative periphery’ comprising Hungary, Czechia,
Spain and Italy. The ‘Peripheral suppliers’, including geographically scattered small
EU countries as diverse as Slovenia, Croatia, Estonia, Lithuania, Cyprus, Greece
and Portugal. Finally, the ‘Central-Eastern European (CEE) Factories’, comprising
Bulgaria, Latvia, Poland and Romania.

Second, we applied exploratory factor analysis (EFA) to articulate correlations
between variables across the 24 European countries in our sample. We identified
four ‘latent’ factors, each related to an alternative theoretical approach to innova-
tion and technical change: the Network-Innovation-System factor (IS), the Kaldo-
rian (KA) factor, the New-Growth-Theory (NG) factor and the Schumpeterian (SC)
factor.

In the best of innovation systems tradition, the IS factor shows the dominance of
firms cooperating with public research institutes and private actors, but also firms
relying on domestic and foreign procurement and highly internationalised.

In line with the Kaldorian tradition, the KA factor fits with a profile of firms sup-
ported by regional/local public funds, that trigger a virtuous circle between local
effective demand and labour productivity, which in turn makes innovation efforts
and economic performance mutually reinforcing.

Based on endogenous growth theory, the NG factor is associated to high R &D
expenditures, large firm size and product innovation, whereas the SC factor synthe-
sises an innovation profile based on intramural R &D, intensity of patent applica-
tions and dominance of manufacturing firms.

Combining the first and second steps of our empirical strategy, we then char-
acterised cluster profiles according to their performance across theory-based vari-
able subsets. In this way, we analysed EU innovation clubs on the basis of their
idiosyncratic score against innovation theories.

A very rich picture emerges, that substantially nuances the North—South and
East—West divides, as illustrated at length in the previous section.

Our results speak of the ‘goodness of fit’ of different theoretical approaches to
innovation. From a normative perspective, they also tell us whether these theo-
ries are able to allow for the presence of peripheries and qualify them. In addi-
tion, these results might be revealing as to which theoretical grounding policy
should rely upon. For instance, NG fits a small sample of very virtuous coun-
tries (the ‘consolidated core’), which also consistently score high across all other
theories. They are a benchmark of innovation performance, though they most
likely rely on the presence of the peripheral suppliers, as shown also in previous
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work (Bontadini et al., 2022). Rendering these core-periphery interdependencies
explicit and analysing them is an important avenue for further research.

At the same time, NG is fairly misleading for other clusters. For example,
despite the relatively high firm turnover from product innovation (flagship of
NG), the countries from the ‘innovative periphery’ cluster conceal a less virtuous
picture: they rely to a greater extent on R &D acquired externally and have a low
incidence of patenting activities. This means that these countries are specialised
in scale-intensive manufacturing and are likely to fall (or have fallen) into the
‘middle-income trap’ described for the EU regions in lammarino et al. (2020),
with low prospects (nor potential) for upgrading.

Arguably, it is this ‘under the radar’ under-performance (Iammarino et al.,
2020) that is interesting from the policy perspective, particularly when a more
cohesive and less polarised EU is at stake. It is not the ‘consolidated core’, which
continues to enjoy a stable and consistent leading position in Europe, nor some
of the peripheral suppliers or CEE factories, which enjoy EU funding support
to catch up and shift from a low to middle ground innovation performance, that
might represent a threat to the cohesion policies and the long-term sustainability
of EU asymmetries. Rather, it is the (several) different peripheries that, despite
a decent innovative performance, struggle to upgrade from a range of supplier-
dominated, production-intensive activities to the science-based core. Thus, a
‘handbook-type’ innovative behaviour, even with substantial innovation policy
support, might not be enough to get out of this trap.

On this regard, a key policy implication is the need to finetune the articulation
between EU research and technological development, innovation and industrial
policies to develop a framework which overcomes the dual focus on providing
financial aid to a catching-up periphery, on the one hand, and propelling a self-
reinforcing core, on the other (Diemer et al., 2022).

Our new taxonomy of EU innovation clubs only confirms the extent of the
challenges that the EU cohesion faces. Notwithstanding the substantial and
well-directed interventions designed and implemented towards achieving EU
cohesion, the presence of uncertain, or unanticipated innovation outcomes
might just make them ineffective, when not detrimental in terms of further-
ing inequality. We hope to spark some much needed reflections on the ‘dark
side’ of innovation policy.

Appendixes

A Consolidation of dataset and imputation of missing values
Eurostat’s publicly available micro-aggregated CIS 2014 database is presented as

a series of data files covering different aspects of the CIS questionnaire. In par-
ticular we considered the following Eurostat CIS-2014 files:
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File Label Description

1 bas Basic economic information on the enterprises

2 gen General information on the enterprises

3 type Enterprises by main types of innovation

4 spec Enterprises by specific types of innovation

5 prod Product and process innovative enterprises

6 exp Innovation activities and expenditures in the enterprises

7 pub Public funding in the enterprises

8 coop Types of co-operation of the enterprises

9 proc Public sector procurement and innovation in the enterprises
10 ipr Intellectual property rights and licensing in the enterprises

As reported in Panel (A) of Table 4, 13 out of the 22 variables considered had
missing values for, at least, one of the 24 countries included in the analysis. Thus,
an estimation procedure to obtain within-sample predictions for the missing val-
ues had to be devised.

We proceeded as follows. First, we identified the subset of variables for which all
countries have full data coverage (i.e. Panel (B) of Table 4). Second, with the subset
of variables in panel (B), as well as average turnover per firm and average employ-
ees per firm, we created a 24 X 11 matrix with countries in rows and standarised
variables in columns and applied a combinatorial optimisation algorithm, in order
to find a partition of the 24 countries into 5 groups which minimises the within-
group sum of squares over all variables (Everitt and Hothorn, 2011, p. 175). Third,
we computed within-group average values for all variables in Panel (A) of Table 4,
using those countries in each group for which observations were available. Finally,
we allocated the within-group average to each country in the group whose original
variable value was missing.

@ Springer



Economia Politica

IS “IN ‘I Md ‘A9 juared e 1oy pardde jey sosudiojuyg ILVdO¥d SWIy 9ANBAOUUT SS900IJ/10NPOI] IDVONNI i 01
10199s o1iqnd uSra10)

¥4 ‘SH A ‘Ad ‘A9 10§ J0enu0d Juawamoold s sestdiaug Jod9nd SwLIy [e10], TVLOL ©ooxd 6
103995 211qnd dnsowop

¥4 ‘SH A ‘Ad ‘A9 10§ J0enu0d Juawamoold s saestdiaug wodadand SwLIy [e10], TVLOL ©ooxd 6
samnsur yoreasar gearid 1o orqnd

EN quowiIoA0n) Ym Sunerado-0d sosudiojuyg 60D SULIY dATIBAOUUL SSAO0IJ/10NPOIJ ILDVONNI dooo 8
sanuoyIne [euoIfal

4S8 I ‘LY 10 [820] WoIj Surpunj paAradal ey sasudouyg DOINNA  SWIY 9ABAOUUT SS9J01J/10NPOI] LDVONNI qnd L
JUSWUIOAOT

SIQ ‘LY [eNU9d wolj Surpunj paAradal ey sasudiouyg LIADNNA SULI 9ATIBAOUUI $S9001J/10NpOid IDVONNI qnd L

b (CBAAA Surpunj NF PoAIoaI Jey) sestidisug NANNA  SWIY dAIBAOUUL SSAD0IJ/1oNPOIJ ILDVONNI qnd L
saIn)ipuadxa uoreAOUUL [8)0) IOA0 ] ()T

IN ur (29 Y 9snoy-ur ur saxmpuadxa jo areys  $ILOLAXH FINIAYYA  SWIY SADBAOUUT $S3001d/1oNPOId LOVONNI dxe 9
saInIpuadxa uoreAOUUI [8)0) JOAO

1IN DE 10T Ul 429 ¥ [BUI0)Xd Ul soamipuadxo jo areys [ LOLIXHA ¢IXHAYY  SULY SANRAOUUT $S9201/1oNPOId LOVONNI  dxe 9
JosIeW [RUONBU

14 ‘SH IJ ‘49 QU) ST JSAOUIN] JO SULIY) UT JoyIBW }sadIe| LVN VNV SWI 9ATBAOUUI SS9001d/1oNPOId IDVONNI uad r
JoyIeW [eUOISAI

14 ‘ST I ‘dg  /[890] Y3 SI JOAOUIN] JO SWLIQ) UI JodIew }sagIe] DY T YVINYVT SWLIl dATIBAOUUI $S900IJ/1oNpoid IDVONNI uad r
sejepIpueds-NH/V.ILIH

14 ‘SH IJ ‘49 /N :SI IA0UIN) JO SWLIS) UT JoyIew }saSre| NA YVINYVT SWIg 9ARAOUUI SSA001J/1oNpoid IDVONNI uad ré

AN I dnoas3 asudiojus ue jo 1red are jey) sosudiojuyg SHA dD SWIY 9ATBAOUUI $S3901/19NpoId IDVONNI udd T

sonyea Sursstw jo uoneinduwy uondr1osop Jojesrpuy 9po9 J0JeIIpU uonduosop od£) war] opoo odA) w9 o[l

9jewmso Uk op1AoId 0) ATeSS20U Sem T OTYM IO ‘SILIUNOD SWOS JOJ San[eA SUISSTUI YIIM SI[qeLIeA $10Z-SID LVISOIN (V) [oued

SALIUNOD PaJO[as 10J senfea Jursstur Jo uonenduwr :so[qerrea josereq 4 a|qeL

pringer

As



Economia Politica

suonMISul UONEONP? IYIIY 1Yo

10 SaNISIdATUN 1M Sunerado-o0o sastdioyuyg 90D  SWLIY QAIIBAOUUI $S9J01J/10NPOi] LOVONNI dooo 8
aremyjos/-dwoosyerroyewt; dimba

Jo s1arddns yym Sunerado-oo sasudiojug G0D  SWIY ATJBAOUUI SS2J014/19Npoid LOVONNI dooo 8
dnoi3 asuidIoud oy uryIm

sosudIoua 1930 Yim Sunerado-oo sasudiojug 10D SWIY QAIIBAOUUL $S99014/10NpoId LOVONNI dooo 8
Sunmjoenuey ur

10 Ul sermIpuadXa UOT)EAOUUT [€)0} JO AIBYS D #ILOLdXH  SWIY 9ABAOUUT SS9001J/10NpoId ILOVONNI dxo 9
wy 1od

10 ul saxmIpuadxe uorjeAoOuUl ()0} AFeIOAY $1NdOd INd #1LOLdXH  SWIY SAIIBAOUUI SS9001J/10NpOI LOVONNI dxo 9
JoNIeW A} 0} MIU

arom jey syonpoid woiy aouIn) wiay a8e1Ay  $1Nd0d INT NINL IVINMAN SULI 9ATJBAOUUT JONPOIJ LAdNI poxd S
uononpoid jo spoyiow Suraoxdwr £q

uoneaouur ssaooid padofoaap ey sestdiajug AdSdANI SULI 9ATJBAOUUT SS9001] SDOANI oads ¥

$10¢ ur wiy 1od seakordwre Jo roquunu 93eIoAy $1NdOd LNT #T1dINd  SWIY SATIBAOUUT $S9001J/10NPOI] ILOVONNI seq I

9okordwo 1od 41z ur JoaouIn) [el0], yIdINT YINYNL SULI 9ATJBAOUU] ONNI seq I

uondrIosap Jojedrpuy 9p0d 103BIIPUT uondriosap odA) wrg 9poo odAy warg g QI #

P3IOPISUOD SALIUNOD [ JOF SAN[EA Y)1a SI[qRLIEA $]0Z-SID LY.LSOMNH (8) [dued

(ponunuoo) 4 3|qey

pringer

As



Economia Politica

sarmrpuadxy uoneaouu] [e10], Jo agejuadrad 77 o y, ‘seakojdwd g7 seo1id JuaLmd Je S0Ind puesnoyl ¥ SH.I

{A1Unood yoea 10j A9AINS dY) UT SWLIY JO JoqUINU [€)0) 9Y) 0) UONE[aI Ul passardxoe a1e (sedejusorad) v

RYRIIEYEIENS
s0T &0 T 190 €T wT 8T 6T SET sTT T T i By asnouuljo leUs  PTIOLIXA VINIGMYIndur  or [T
T erT 0 el o1 w0 soT i VT 850 s w1 60T @3y a1eBaIBy/BuumoesueN Svuowamdu st | O |
160  pEO. €50 980 89T ST 89T 89T wr  wv 6T 6T T audred e Joy uonedyddy Lvdoudndino 71
€0 &1 ST 8sT 89T 0T 0T %0 ST erT 8T 9T w0 @9y jewono joaleys  PTLOLIXT IXAAWY AUl pT
650 960 180 890 STT €07 S6T STT 697 85T 85T VT 9T wig sad sainpuady3 uonenouu  YTNd0d IN3 YTLOLAXI Idul  TZ  |(oN)Asoayy|
190 'L 80T STT 90T 14 0T 113 80 180 60 060 60 w4 sad saakojdw3 PINdOd LN PTdNI Indur 2T “moin.
vIndod -moN
0T ST 69T (0T €07 g7 vl 780 60 @D 0 60 60T 1918w 0} M3U ‘Aouul poId wut/5an0unL “INT NUNLUVWMAIN Indino €T
050 S0 144 990 80 wo 580 vL0 Lo 760 90T 080 N3 wouy Buipuny naNnd w8 ot
€7 OONINT 890 ¥60 (ST STT 960 sz 1T 6T [e9ENINsIT Ny [evoiBay/|e201 wosy Buipuny S0INNEME T
60 @1 a1 9T eeT 9T 68T T 9T a1 4Ot 4t natew 1sa8ie] BT B
ovt €1 190 w0 61 €T 0ST 65T s0T 9T 9T 91 Hiew 153881 ST WYAUVT Ndul 6§
€T 6T 190 Wi wl 6T el 65T WT W T OET ‘29kojdwa Jad Janouiny YLWTVINUNL N0 8
Wo 950 90 €21 sLT et ovT  ert wo ST wer  wr  8sT WBWIAAOD [e41U3) WOy Buipun NONNITME T
¥20 €0 &rT 1O €T ET e el T 9T ¥T  wT 02T WaWaIN0sg US04 ¥odand W8 £
wo w0 w0 260 wo w0  wo  wuo SvT €T (9T 8T 8971 WaWaiN201g dnsaW0q woaandme 9
90T 00 g0 1T 09T €50 €60 990 0T 8s0  awT  wr sl N3 oiew 1598e1 R LT RSN
W0 9Z0 0T 190 €T 6T 80 9T 0Tz 00T  s£T seT 891 15Ul 42129524/ 1D Yy uonesad00) 60w 7z Py
950 80 S50 %60 T 80T 2T 09T T ST vz gT 4T 13H/SIRISIAAUN Y3 UOREI2d00) S | yomen
o0 £50 o0 S80 8T %0 1222 80 TET wr T 89T T sJ31{ddns y3Mm uonesadoo) v
060 sv0 80 860 ®T 9T vl 20 vCT S0z veT  1sT 96T dnos8 asudiatud a4) uIylm Uonesado) €
60T w0 950 260 0T vl 0T 0T 95T ovz  vST  tTT (ST 6018 as1idsalua Jo wed wity S3Cdondu T
60T w0 90 1T wro Wi wo 1 60T 60T  SYT  OST  OET omaNpoId ul UoeACUU 553204 adsdnmdno 07
u H s =) ™ ¥4 X EX 3s oN ] 3g v
[ aeudueg snnerou - (g)3aisp | [ aio0 patepiosiey - (ol ] | OO 3pIoN - (1) 39357 ] 52130 55010 2B042AD fo uoiOdosd D 5D S3NOA A1UAC)
e W v Seer  06EC wes s wwm e soes  s9or 6z 8005 858 (31140 %u) OBy 10N o 212y YTLOLOE VINGWY I ST [
575 voL9 7889 00 WL wes  vs0s  8EUS  SELL OFEL  YSTE  L669  EET9  SE6S QY 21e82:33y/Bupnoejnueny Svuowsamdu st | D8 |
e ste wT el 8T s 09 s 958 €5 TS 8€9  8E9  68L (5% ur) waned e Joj uonediddy vdoyd ndwno £
801 006 8yST 98l SOLT SUST  sew w166 881 9FET  GLEL L0808 (31140 % W) GBY [ewaw@ o 2JyS  PLLOLAXE PIXIQWY Wl T
(wyi/9n3 "
82016 €8VES €698 LOSGL 66919 SBOSOT S66VBT 99'ILLT EUBSEL  OLTSYZ TZ9EVT TSGEVT ETOOEL 6BOVTL SHL ul) wug sod somypuadi] woneRowUl  YTNdO”INI bTLOLXE ndy Tz | (9N AL
scat TEGL VBT 16921 99'SEL vt ezl Ovell  IZTEL r9  SYZOL 60T  LE90L 88RO (Wy13/dN3 w) wing sod saakoidw3  HTNGO LN YTANI Indur 2T ;.»u““w
(WY13/903 SHL u1) ¥INd0d
5998 60B0LE 90'EZSS 900I86 T6ESEE 0VIvL €9L6EL STBIBY OEVEGT  6UBISE SESE TSBGEE BLELST ESTOGE 1941w 0} Mau Aouu ‘PoId Wiy/sanouin ] ~INT NUNL UVWMAN Indino €T
w0¢ T s vT (89 86T €T 8T 95T €z w1 T ele W (% u1) 3 wozy Buipuny nINNETWE or
we 989 w0 66t 0T we  s0s  sre  L0€ veL  88s  8v 98Tl vEL (5 ) "N [evorS2y/|e207 wosy upuny J0WNIME 1T
9T'ST TETL 9oL TV T0UT €EST  YIO0Z  TLVT 998 98LT  SSUT WLT WL uWLl (9% ul) jeuoneN 3apew 3sadiey LYNT¥VWEYTIndul 6T
6L0T st ST et 169 688 6LYL  LTET YTOT sTLT L Wi W 6SET (36 u1) euoiBay/jex iew isadie] 93y YWYV Indur 6
w5262 9EVOy  BY'SST  666YE  ZS96T OvLly  96E  LvBOY  GESOV sy 9T6l9 €9y  TSEIS  TSOBE (dW3/803 SHL ) ahojduia 1ad sanouiny YTaNT VINUNL NGO g
89 wr e €8 €061 L 56 89L 8y SEST  OTEl 896 8LOL (56 u1) WwawUIRRO [eu2) wiosy Butpuny IWONNITWE  Z
67 [ 607 we e wee e wy  e6€ 89S IS 9v9 WaWIN20sg uFR104 ¥odgndms
vt o ve9t 0621 SEEL  SEEL  SEEL  SEEL vUsT 886z 6vie 180 WTE (% un) wawaIN2014 onsawoq WoasNd M8 9
we 69 1ev 76 w6 vrE oS Sov e e w9 9 O (% u) N3 3w 3saiey YR BT
sve 6T €80 107 8 wE (ST SIS €9 €9 698 O¥L  OFS (9% u1) 51 Yo1easaY/ 1D Y uonesadoo) 60w 7z gy
91 0wz wz 9ty vy esv 85 WL sr9 W9 T 80T 900 (3 U1) [3H/5OISIAN M UORes3d00) o
958 sce sy €L vz S8 6E0T L0 €10 19%I 6Vl Ss6T €970 (9% u1) ssa11ddns yam uonesadoo)
w1 osT €T 8y WL 9L 099 ESE S8  800T  S06  LETL €96 (56 ur) dnous o
85T @®5T 99 €T €yt 9g0z eV 9T sTLe  e6vE €57 OTTE 06T (5%
86ET st w9 TSt 'St 9961 666 sLLt st 9T'st or S6°0C Lt (% ut
S3113un0d u H D N ¥4 a 3a 3s ON 14 38 v (yun) vondisaq 403204
ssomeofesony [ Aiaydiiad snnenoul - (g)3arnp | [ aiopaepiosies - (e | | TPPOW SIpIoN - (T J935nD> | (s2/qouon 22 ‘5a11un03 )

5211103 550130 $AJOA 3|qOUDA - (743) SIsA[oUY 101003 A10II0]dNT

3sBQEIEP $107 SID LVLSOUNH U0 Paseq UONBIOQR[S UMQ) 224108 *(£)—(T) S19ISn[) — SILHUNOd ()7 [enpIAIpUI ssoxde sayoid uoneaouur :sis[eue 103oey K1ojerofdxy §ajqer

sa|qe) [9A3]-A13unod [euoINpPPY g

pringer

As



Economia Politica

v'6E
€SS
€TE

180T

82016
6L°LTT

£S°9Y9€E
T0€
we
9T'ST

60T
76'T6T

89

sau3UN0d
ssoioe a8esany

aseqered +10Z SID LVLSOYNT U0 paseq UoneIoqe[d umQ :2241os *

60 920 €90

960 650

0T

oLo 880

990 wi

€0 (80 $0T €80

S50 £60 ) &0

090 €T €90 9T

OTT  TZT 980 €S0

9€0 160  ZS0  ¥60

6UT €T €90 €0 60 [Z¥0 080

67T  8/0 ST (80 80 6T 80T

TET €80 €T  SYT  LZT 160  6IT

8T  8TT  SST  S80  SS0 (0T  8Y0

0ST  TLO 950  LEO 60 €90  9v0

T 680 Y90 PO €80  S90  E¥O

T $§0 oyl SL0 8yl ITT  [ZT

YOT S50 €T  §§0 090  IUT  vL0

£60  SLO  SLO €90 WO 180 160

PTT 6ST 69T 0T LZT 290 880

1d 1n ¥H 1 EE] J)

s1911ddns |esayduad - (v) 123snpD

L£7y  8TOL UL 69T Sv'6y  8T'9E  TYOL  99%Z  8SLT  E8VE  YTTL
YIS 299y OTOY  £9'09 TEOL  LETS  €LTE  EL'SS EUEY  Z0ST  OVOE

ov'o LET oro (74 8T I§T  TWT €T 6T v0T 690

(733 6L'E oy 6L'9 006 209 8T 86V  vOY 69 LTIV
LS50y ¥5°'896  LY'69T  9S'6OE 6£T89 TU'6SZ LZ'8SE 80T6E OV'TOE 05905 LEOST
TSOLT  YL'80Z  E6'6ET  EE6IT OBETT (T'69 00T6 LTPIT 9,89 8ET6 €0
Y6955t 060967 6T'6SIT  Zv'THOT €L'666T 90'LZOT TE'ST8 ZT0S8 TS'ELVT EBOSIS EE'STTL

50 8E'€ 8r'e 1244 69y  ETS 10V  OET  v9T  ETE 05

610 L0 910 €20 680 9T 8UT 8T  IUE 20T LET
592 89'L 73] 8€'9 166 20S  OUEl €06 €T0Z 656 9T

692 S8 %1 v9's TEOT  9v'8  SETT  88TL  OUEL  O6€ LS
€8'61T 2079  OLTZT T8 T6'98T T6VEZ 68'8TT  EY'90T 98'/9T ZBTST 08'9LT

S60 o't 80 €87 €18 868 1€V 66V  ¥T9 68T  €V'S

6£0 660 60 680 8L€ 87T TS ¥§T  6ET  6YE ST
8E'S 9’9 €8TT 498 8y'Sz  OT9T  €84T 98  SLWT  SLLT TTEL

$60 59 99 S6'€ ovTT  E6ET 056 LTS 6EE 1§59 €6

8’0 Wt vL0 620 vy €TT LT LTT 05T 86T vl

60 91 00T 990 159 WY veT  STT  ¥8E € 00
9Tt 8T 8r'z 244 6€0T  €9Y  TOTT  6€9  99TT  I§6 980T

050 69T 88'T 160 ors oLz 90S 69T  L6T  L¥S  T9E
€T oY €S 667 LUYT  960T 6801 ST'6  L6'S  I8TL  E€TEL
6v'z €69 0f'L 98's L6ST  TzTTz  T9€C  8TYL  SLLT 998 €TTL

oy 1d n 28

SauoPey 33) - (§) JAasn

()—(¥) s1snD

'8y 3sN0Y-ul Jo ey
@3y 21e82188y/Suunoejnuepy
Juszed e Joy uonesyddy

a3y [eUIAIG JO B1eyS
w4 1ad sainypuadx3 uoneouu]
w4 Jad saakodwy

212U 03 MaU "Aouu "posd Ll3/1aA0uN L

N3 wouy Suipuny
“yiny |euoi3ay/|e207 woyy uipuny
JeuoneN najiew 1sasie]
JeuoiBay/|eao] Nansew 15a81e]
akojdwa sad Janouin

JUBWUIAN0D [e13U) WOy Butpuny
JuBWaIN2014 US12104

JUBWaIN2014 dnsIWOQ

N3 oyiew 1sa8ie]

“ISU] Y2183SY /N UM Uonesadoo)
|3H/591IS39A1UN Y31M UoRe1ad00)
s191/ddns yum uonesadoo)

dnou8 asiidia3ua 3y} uiylm uonesadood
dno.8 asudia1ua Jo 1ed wiy
UoRINPOId U} UOREAOUU] SS3201d

$T101dX3 ¥INIQYY Induy
O ¥T10LdX3 Indur
1VdO¥d 3ndino

$T10LdX3 ¥TX3aYy Induy
¥TNdOd™ N3 ¥TLOLdX3 3ndul
¥TNdOd™LN3 ¥TdW3 Indur
¥Tndod
TIN3TNYNLTHYAMIN Indino

NaNN3"n8
J0INN3 W8

LYN ¥VWYY1 Indul
9347 YVNYVI Indut
PTdNI YINYNL Indino

LNONN3 13
¥o48nd W8
woasnd w3
N37yvWYY1 Indul
600 13

900718

S00” Sl

TOD Sl

S3A"d9 Indut
QdsdNITIndino

9T
ST
i

141
124
(43

€1

(os) uer

saredwnyds|

(9N) Asoay|
“imoi
-MaN

()
ueLopey

(51) waishs
~ouuj
“HoMIAN

$2143un0> 550190 36013AD Jo uol0dosd D sD sanjoa A1uno)

(31140 % 1) @9y 3snoy-u Jo a1eys
(% W) @8y 2e82188y/Sunnioenuen
(% ut) Juazed e soj uoned|ddy

(31140 % 1) Q'8Y [eWIDG JO IRy
(Wyi/4n3

SHL u1) wai4 Jad sainyipuadx3 uoneouu|
(WYI3/dN3 u1) wag sod sakojdw3
(WYI3/8n3 SHL U1

12)JBW 0} Mau "Aouul "poud wil4/1aA0uIN ]

(9% u1) N3 wosy Buipuny

(9% u1) "y |euoiBay/|e207 wiosy Suipuny
(9% u1) [euoneN 3ayiew 3sa8ie]

(9% u1) [euoiBay/|eso ayiew 15081
(d3/¥N3 SHL 1) 9akojdwa 1ad Janousn |

(% u1) JUBWUIAA0D [e1US) WOJy Bupuny

(% u1) Juawaindoug usiai04

(% u1) JUaWaIN044 NSaWOQ

(% ur) N3 :32yseW 3587

(9% u1) 35Ul Y21B3S3Y /IO YM LONEId00)

(% u1) 13H/saISI2AUN Y3IM UoRRIad00)

(% ui) s1a1jddns yam uonesadooy

(% u1) dnou8 astidiaiua ayy uiyym uonesadood

(% u1) dnos8 asudiayua Jo Jed uuly

nanpoud ut uoneAouu;
(31un) uondusag

#T10LdX3 ¥TNIQ¥Y Indul
O ¥T10LdX3 Indur
1vdoyd Indino

$T10LdX3 ¥TX3ayy Induy

¥TNdOd™ N3 ¥TLOLdX3 3ndul
$TNdOd NI ¥TdINI Indul
¥TNdod
TIN3TNYNLTHYAMIN Indino

NINN4 M8
J0INNI W

LVN ¥YNYYT Induy
93y1 ¥VINYYI Indul
PTdNI YINYNL INdIn0

LNONNS 18

¥o48nd w8

Woagnd w3

N3 YVINYYT Indur

600 13

900713

S00” Sl

00 Sl

S3A™d9Induy

QdsdNITIndino
2/qoLDA

9T
ST
FAS
141

124
(41

€1

ot
113

o~

T
(4

13p10

(os) uer

s2yaduinyds|

(9N) Aoayy
-yimo1n
-maN

()
ueLopiey

(s1) wasshs
-ouu
}lomiaN

10107

(53/qDUDA ZZ 5313UN0d B7)
$3143UN03 $S0IID SINIDA IGOLDA - (V43) SisAjouy 103904 Aioypiojdx3

— SaLUNOd ()7 [eNPIAIPUI ssoxoe sa[yoid uoneaouu] :sisAfeue 10joej A1ojeroidxy 9 ajqel

pringer

Qs



Economia Politica

sarn)ipuadxy uoneaouu] [e10], Jo aFejuadiad F7 1 fo 9 ‘seakojdwd gpyg ‘soorid juarmd je soino puesnoy) ¥17 SHL
£ANUnoo oes 10J A9AINS 9} UI SULIY JO JOqUINU [€10] Y} 0} UONR[AI Ul passaidxa are (sadejuadrad) 9,

:520UL2[2Y

(ponunuoo) 9 s|qey

pringer

As



Economia Politica

Acknowledgements The present paper is a revised version of the working paper Wirkierman et al.
(2021). The authors gratefully acknowledge the support by the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No. 649186/ECRN 194562— ISIGrowth (Innova-
tion-led, Sustainable and Inclusive Growth).

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

Abramovitz, M. A. (1986). Catching up, forging ahead and falling behind. Journal of Economic History,
46(2), 385-406.

Aghion, P., & Howitt, P. (2009). The economics of growth. MIT press.

Autor, D., Dorn, D., Katz, L. F., Patterson, C., & Van Reenen, J. (2020). The fall of the labor share and
the rise of superstar firms. The Quarterly Journal of Economics, 135(2), 645-709.

Autor, D. H., Katz, L. F., & Kearney, M. S. (2008). Trends in U.S. Wage inequality: Revising the revi-
sionists. Review of Economics and Statistics, 90(2), 300-323.

Bontadini, F., Evangelista, R., Meliciani, V., & Savona, M. (2022). Patterns of integration in global value
chains and the changing structure of employment in Europe. Industrial and Corporate Change,
31(3), 811-837.

Castellacci, F. (2008). Technology clubs, technology gaps and growth trajectories. Structural Change and
Economic Dynamics, 19(4), 301-314.

Castellacci, F., & Archibugi, D. (2008). The technology clubs: The distribution of knowledge across
nations. Research Policy, 37(10), 1659-1673.

Ciarli, T., Meliciani, V., & Savona, M. (2012). Knowledge dynamics, structural change and the geogra-
phy of business services. Journal of Economic Surveys, 26(3), 445-467.

Ciarli, T., Savona, M., & Thorpe, J. (2020). Innovation for inclusive structural change. In J.-D. Lee, K.
Lee, S. Radosevic, D. Meissner, & N. S. Vonortas (Eds.), The challenges of technology and eco-
nomic catch-up in emerging economies. Oxford University Press.

Cimoli, M., & Porcile, G. (2011). Learning, technological capabilities, and structural dynamics. In J. A.
Ocampo & J. Ros (Eds.), The Oxford handbook of Latin American economics. Oxford University
Press.

Cirillo, V., Martinelli, A., Nuvolari, A., & Tranchero, M. (2019). Only one way to skin a cat? Heterogene-
ity and equifinality in European national innovation systems. Research Policy, 48(4), 905-922.
Diemer, A., lammarino, S., Rodriguez-Pose, A., & Storper, M. (2022). The regional development trap in

Europe. Economic Geography.

EC (2015). State of the Innovation Union 2015. European Commission (EC), Luxembourg: Directorate-
General for Research and Innovation.

ECB (2013). The role of central and eastern Europe in pan-European and global value chains. European
Central Bank (ECB) Monthly Bulletin, June 2013:15-19.

Edler, J., & Fagerberg, J. (2017). Innovation policy: What, why, and how. Oxford Review of Economic
Policy, 33(1), 2-23.

Everitt, B., & Hothorn, T. (2011). An introduction to applied multivariate analysis with R. Springer.

Fagerberg, J., & Srholec, M. (2008). National innovation systems, capabilities and economic develop-
ment. Research Policy, 37(9), 1417-1435.

Freeman, C. (1979). The determinants of innovation: Market demand, technology, and the response to
social problems. Futures, 11(3), 206-215.

Freeman, C. (1987). Technology policy and economic performance: Lessons from Japan. Pinter.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Economia Politica

Freeman, C. (2002). Continental, national and sub-national innovation systems-complementarity and
economic growth. Research Policy, 31(2), 191-211.

Freeman, C., Clark, J., & Soete, L. (1982). Unemployment and technical innovation: A study of long
waves and economic development. Pinter.

Tammarino, S., Rodriguez-Pose, A., Storper, M., & Diemer, A. (2020). Falling into the Middle-Income
Trap? A Study on the Risk for EU Regions to be Caught in a Middle-Income Trap. Final report,
Directorate-General Regional and Urban Policy, European Commission.

Tammarino, S., Rodriguez-Pose, A., & Storper, M. (2019). Regional inequality in Europe: Evidence, the-
ory and policy implications. Journal of Economic Geography, 19(2), 273-298.

Kaiser, H. F. (1960). The application of electronic computers to factor analysis. Educational and Psycho-
logical Measurement, 20(1), 141-151.

Kaldor, N. (1966). Causes of the slow rate of economic growth of the United Kingdom. Cambridge Uni-
versity Press.

Krugman, P. (1991). Increasing returns and economic geography. Journal of Polictical Economy, 99(3),
483-499.

Landes, M. (1970). The unbound prometheus: Technological and industrial development in western
Europe from 1750 to the present. Cambridge: Cambridge University Press.

Lazonick, W. (1979). Industrial relations and technical change: The case of the self-acting mule. Cam-
bridge Journal of Economics, 3(3), 231-262.

Lee, N., & Rodriguez-Pose, A. (2012). Innovation and spatial inequality in Europe and USA. Journal of
Economic Geography, 13(1), 1-22.

List, F. (1841). The National System of Political Economy (1904th ed.). London: Longman.

Lundvall, B. A. (Ed.). (1992). National systems of innovation: Toward a theory of innovation and interac-
tive learning. Pinter.

Lundvall, B. A. (2007). National innovation systems — analytical concept and development tool. Industry
and Innovation, 14(1), 95-119.

Milanovic, B. (2016). Global inequality: A new approach for the age of globalization. Harvard University
Press.

Mokyr, J. (2007). Knowledge, enlightenment, and the industrial revolution: Reflections on the gifts of
Athena. History of Science, 45, 185-196.

Naidu, S., Rodrik, D., & Zucman, G. (2020). Economics after neoliberalism: Introducing the EfIP pro-
ject. AEA Papers and Proceedings, 110, 366-371.

Nelson, R. (Ed.). (1993). National innovation systems: A comparative analysis. Oxford University Press.

Nelson, R. R. (2006). Reflections on “the simple economics of basic scientific research’’: Looking back
and looking forward. Industrial and Corporate Change, 15(6), 903-917.

Nelson, R. R., & Winter, S. G. (2002). Evolutionary theorizing in economics. Journal of Economic Per-
spectives, 16(2), 23-46.

OECD & EUROSTAT (2005). Oslo Manual: Guidelines for collecting and interpreting innovation data,
3Ed. OECD Publishing.

Pavitt, K. (1984). Sectoral patterns of technical change: Towards a taxonomy and a theory. Research Pol-
icy, 13(6), 343-373.

Raykov, T., & Marcoulides, G. A. (2008). An introduction to applied multivariate analysis. Routledge.

Rodriguez-Pose, A. (2018). The revenge of the places that don’t matter (and what to do about it). Cam-
bridge Journal of Regions, Economy and Society, 11(1), 189-209.

Schumpeter, J. A. (1911). Theory of economic development: An inquiry into profits, capital, credit, inter-
est, and the business cycle. Harvard University Press.

Schumpeter, J. A. (1942). Capitalism, socialism and democracy. Allan and Unwin.

Shrolec, M., & Verspagen, B. (2008). The Voyage of the Beagle in innovation systems land. Explorations
on sectors, innovation, heterogeneity and selection. UNU-MERIT, Working Paper Series, 2008-008.

Soete, L., Verspagen, B., & Ter Weel, B. (2010). Systems of innovation. In B. Hall & N. Rosenberg
(Eds.), Handbook of the economics of innovation (Vol. 2, pp. 1159-1180). Elsevier.

Song, J., Price, D. J., Guvenen, F., Bloom, N., & von Wachter, T. (2019). Firming up inequality. The
Quarterly Journal of Economics, 134(1), 1-50.

Timm, N. H. (2002). Applied multivariate analysis. Springer.

Wirkierman, A. L., Ciarli, T., & Savona, M. (2021). A taxonomy of European innovation clubs. UNU-
MERIT, Working Paper Series, 2021-020.

@ Springer



Economia Politica

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Authors and Affiliations

Ariel L. Wirkierman'® - Tommaso Ciarli®>3 - Maria Savona3*

Tommaso Ciarli
ciarli@merit.unu.edu

Maria Savona

M.Savona@sussex.ac.uk

Institute of Management Studies (IMS), Goldsmiths, University of London, 8 Lewisham Way,
New Cross, London SE14 6NW, UK

United Nations University - Maastricht Economic and Social Research Institute on Innovation
and Technology (UNU-MERIT), Maastricht, The Netherlands

Science Policy Research Unit (SPRU), University of Sussex, East Sussex, UK

Department of Economics and Finance, LUISS University, Rome, Italy

@ Springer


http://orcid.org/0000-0002-3642-0862

	A taxonomy of European innovation clubs
	Abstract
	1 Introduction
	2 Background and contribution
	3 Dataset: Community Innovation Survey 2014 (CIS2014)
	4 Innovation ‘clubs’ in the EU through hierarchical clustering
	5 Latent innovation theories through exploratory factor analysis
	5.1 Method
	5.2 How factors fit different innovation theories

	6 Innovation clubs seen through latent theories: The dark sides of innovation in Europe
	7 Conclusion
	Acknowledgements 
	References


