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Abstract

Competitiveness is one of the most quoted concepts in economic studies
but its meaning and the way it can be measured are still a matter of lively de-
bate. From a statistical point of view, competitiveness is a multidimensional
and relative concept: it depends on the variables included in the analysis, on
the disaggregation level, on the data sources. In this paper, we use a Factor
Analysis approach to compare different competitiveness indices for Euro-
pean regions (NUTS 2). The latent variables approach allows to identify
the variables that affect competitiveness and permits a simple and flexible
interpretation of the most recent developments in the European economies.
We devote particular attention to the role of innovation in creating the fer-
tile context for competitiveness in international markets and we focus on the
skills of the human capital in each region. We find that rankings are con-
sistent with similar studies and that only some Italian regions benefit by the
introduction of innovation proxies.

KEY WORDS: Latent Variable, Factor Analysis, Competitiveness, Innova-
tion.

JEL classification: O57, O52, C1
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1 Introduction
Policy makers all over the world express concern about national competitiveness.
Such concern is not new; what seems new is its intensity and spread, a response to
globalization, rapid technical change, shrinking economic distance and sweeping
liberalization. The importance of competitiveness has spawned a significant im-
pact in the economic literature, with a large audience in policy-making and corpo-
rate circles. Studies on this theme are diverse, ranging from productivity and cost
studies for specific activities and institutional analysis to general strategy papers,
development plans and cluster studies. The best-known measure, however, seems
to be the competitiveness index, a composite indicator ranking countries against
each other according to selected criteria and proxies of competitive ability. Com-
petitiveness indices have become a significant part of the policy discourse. In view
of their importance, surprisingly, little is known about the statistics of competitive-
ness indices: how soundly they are grounded in theory, how sensibly the variables
are defined or how well they are measured and aggregated. In fact, competitive-
ness is a relative concept: it depends on the variables included in the analysis, on
the disaggregation level, on the data sources.
This paper deals with competitiveness sensitivity and adapts a confirmatory factor
analysis to study the characteristics of Europe using regional data from Eurostat.
This approach is flexible and allows to identify the significant variables, instead of
choosing them a-priori, to define the latent phenomenon called competitiveness.
Focusing on the economic and innovative capacity of the European regions, we
use factor analysis to show how the resulting ranking is influenced by the variables
introduced.
The paper is structured as follows: in section 2 we briefly review the extended
literature on competitiveness, in section 3 we present data and methods, in section
4 we discuss the results. Section 5 concludes.

2 Measures of Competitiveness
The official OECD definition of a nation’s competitiveness is “the degree to which
a country can, under free and fair market conditions, produce goods and services
which meet the test of international markets, while simultaneously maintaining
and expanding the real incomes of its people over the long term”. Country com-
petitiveness and openness to global business activity are inextricably linked to a
country’s standard of living.
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Analyses of competitiveness may differ with respect to the level of investigation
and studies can be carried out for various levels of product aggregation, across the
entire economy, a specific sector, or for a single product (or aggregate of prod-
ucts). Another differentiation of competitiveness exists with regard to the spatial
dimension of the analysis. Since it is a relative measure, the competitiveness be-
tween firms or regions within a country, or between countries, may be compared.
The indicator used does not always reveal the spatial extension and the level of
product aggregation of a given analysis and the quality of the results obtained de-
pends to a considerable extent on the quality of the data available. Although this
is common to all indexes, it affects some more than others. In fact, the quality,
type and amount of data required varies between the measures; the choice of the
index to be used is therefore often dictated by data availability and the resulting
ranking is inevitably affected by this decision.
Several approaches can be used to analyze the past performance of competitive-
ness (for a detailed survey, see Buzzigoli, Viviani 2006). Frequently employed
are export levels market share indicators, the real exchange rate and Foreign Di-
rect Investment (FDI). These approaches differ widely in methodologies and data
requirements and a host of different indicators have been developed to measure
competitiveness based on market and trade information. Although designed for
international comparison, they may also be used to contrast the competitiveness
of different regions. Although this is not without problems, one advantage of
using trade data is that demand and supply responses are considered simultane-
ously. Some of these indicators are very simple to be treated but at the same time
their informative contribution is quite low. More sophisticated and comprehen-
sive measures of international competitiveness are the Relative Export Advantage
Index, the Relative Import Penetration Index and the Relative Trade Advantage
Index (Balassa 1989; Scott, Vollrath 1992; Vollrath 1991).
A second approach to competitiveness is related to investments in other coun-
tries. Foreign Direct Investment (FDIs), both inward and outward, represent a
good proxy together with export for competitiveness. Several attempts have been
made to incorporate FDIs in the indices of competitiveness (see Traill, Gomes Da
Silva 1996, for a detailed discussion). On the other hand, the amount of FDIs a
foreign country attracts is also frequently seen as a sign of competitiveness of that
nation as a whole, or of the sector or region attracting the investment. FDIs are
then interpreted as the capability of the foreign country to pull in mobile interna-
tional resources in the form of physical capital and know-how. In such a case, it
is assumed that a country will attract FDIs if it has the advantage of production
conditions that the country making such investments is lacking. This kind of in-
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formation is available at firm and country level but it is not available at regional
level.
Gross Domestic Product as a proxy of the richness of a country (or region) is also
very useful in the calculation of a competitiveness index but it is only related to
production of goods and services and it does not include any information on inno-
vative capacity or education level attained by the region or country which can also
be considered good proxies of the richness of a country. A significant contribution
in this perspective is represented by Furman, Porter and Stern (2002) that develop
the National Innovative Capacity Index. The Index is calculated using statistical
modelling to examine how some measures affect innovative output across coun-
tries (of 17 OECD economies since 1973 and eight emerging economies since
1990) and over time. Innovative output is measured by international patenting, or
patents filed in the United States (as well as another country). The statistical anal-
ysis yields a weighting of the relative importance of the measures (all statistically
significant). This weighting is applied to each country’s actual resource and policy
choices to determine its index value. The index measures innovative capacity on
a per capita basis, rather than its absolute level, highlighting that the intensity of
innovative investment in a country that is more meaningful for future prosperity.
From a statistical point of view, this approach helps reducing the a-priority prob-
lem in creating a competitiveness index: only variables that significantly affect
the richness of a country are considered in the calculation and rankings reflect it.

3 Data and Methods
As we showed in the previous section, competitiveness is one of the most quoted
concepts in the economic literature but its meaning and the way it can be mea-
sured are still a matter of lively debate. Following Porter (2003a, 2003b,2005), to
understand competitiveness the starting point must be the sources of a country’s
prosperity: a country’s standard of living is determined by the productivity of its
economy, measured by the value of goods and services produced per unit of the
country’s human, capital and natural resources (Porter, Ketels 2003). Hence, a
good measure of competitiveness has to include both the economic prosperity and
the innovative capacity of the people living in a given area. In this perspective,
we need an approach focussed on improving skills, stimulating innovation and
fostering firms to invest in international markets in the long run.
Following this approach, we use data at regional level (NUTS2) from REGIO
database (Eurostat) for 232 regions on the economic prosperity (GDP pro-capite
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and labor productivity), the innovative capacity (patents) and the human capital
endowment of the region (employment with high education and human resources
in science and technology sectors). The factor analysis is then conducted to find
evidence of a latent relationship between these variables and to rank European
regions on the basis of the weights estimated. Two analyses are run: firstly, only
economic prosperity proxies will be introduced, secondly also the innovative ca-
pacity variables are included. The aim is to show how the introduction of inno-
vative capability affects the EU regions ranking and how the results and policies
developed on those results can be influenced by the choice of the variables in-
cluded.
Factor analysis is a statistical approach that can be used to analyze interrelation-
ships among a large number of variables and to explain these variables in terms of
their common underlying dimensions (factors). Hence, factor analysis is used to
uncover the latent structure (dimensions) of a set of variables. It reduces attribute
space from a larger number of variables to a smaller number of factors and as such
is a "non-dependent" procedure (that is, it does not assume a dependent variable).
The statistical approach involving finding a way of condensing the information
contained in a number of original variables into a smaller set of dimensions (fac-
tors) with a minimum loss of information (Hair, 1992).This family of techniques
uses an estimate of common variance among the original variables to generate the
factor solution. Because of this, the number of factors will always be less than the
number of original variables.
A model is specified on how latent variables depend upon or are indicated by the
observed variables

y = ∆yη + ε

where η is a m x 1 random vector of latent dependent variables, y is a p x 1 vector
of observed indicators of the dependent latent variables η and ε is a p x1 vector of
measurement errors in y.
The goal of estimation is to produce a covariance matrix s(q) that converges upon
the observed population covariance matrix, s, with the residual matrix (the differ-
ence between s(q) and s) being minimized. The general form of the minimization
function is:

Q = (s− s(q))′W (s− s(q))

where s is the vector containing the variances and covariances of the observed
variables, s(q) is the vector containing corresponding variances and covariances
as predicted by the model and W is the weight matrix, chosen to minimize Q.
The weight matrix corresponds to the estimation method chosen (maximum like-
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lihood, unweighted least squares,generalized least squares).1 Factor analysis gen-
erates a table in which the rows are the observed raw indicator variables and the
columns are the factors or latent variables which explain as much of the variance
in these variables as possible. The cells in this table are factor loadings, and the
meaning of the factors must be induced from seeing which variables are most
heavily loaded on which factors.
In Table 1 we give a brief definition of the variables and in Table 2 we show the
descriptive statistics across regions.

Table 1: Description of Variables

Variable
Name

Patents GDP Labor Productivity Human Resouces Employment
Higher Education

PATENTS GDPPC LPROD HRST EMPLHE
Description Biotechnology

and ICT patent
applications
to the EPO
(per million of
inhabitants)

Gross domestic
product (euro
per inhabitant)

GDP/Employment
(euro per person
employed)

Human Resources
in Science and
Technology (% of
active population)

Employment
with secondary
and tertiary edu-
cation (% of total
employment)

Year 2003 2004 2004 2004 2004

Table 2 shows that on average the labor productivity in Europe is quite low
(especially when compared to the U.S.) while the GDP pro-capite is relatively
high. Concerning the role of human capital, we can observe that workers with
higher education (second and tertiary) is a very small portion of the employment
(on average only 0.175 %) but that from this point of view, European regions are
very different (ranging from close to 0% to 22%). The percentage of employment
in Science and Technology sectors is quite low even if, also for this variable,
human resources in S&T in the European regions range from 0.58 % to 2.38% of
the active population. The number of patent applications to the European Patent
Office is high, still with strong differences among regions. Following Furman,
Porter and Stern (2002) this variable is considered with a lag due to the time
needed for an innovation to affect the economy.

1In the following analysis we use the generalized least squares.
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Table 2: Descriptive Statistics

Variable Mean ST. Dev. Skewness Kurtosis Minimum Maximum
LPROD 45.274 19.651 -0.558 -0.554 4.21 89.28

HRST 1.42 0.355 -0.038 0.046 0.58 2.38
EMPLHE 0.175 0.267 12.802 183.747 0.001 4
PATENTS 129.643 136.497 1.871 4.304 1.3 748.37

GDPPC 19072.11 11813.41 -0.145 0 80.919 59554.5

Table 3: Scores (Varimax Rotation). Competitiveness Index

LPROD 0.959
EMPLHE 0.144

GDPPC 0.137

4 The Empirical Analysis
In the following analysis we run two factor analyses (focussing on the first factor
only)on 232 European regions (NUTS2): firstly, we use economic performance
proxies deriving a Competitiveness Index and, secondly, we add innovative ca-
pacity proxies obtaining the Innovative Competitiveness Index. Of course, the
variance explained by the two is different and, in particular, the loss of information
is lower in the latter but we show that the links are significant in both and that the
fitness of the model tested by RSMA is good. The aim is to stress the difference
in the rankings due to the introduction of innovative capacity. Table 3 reports the
Varimax rotation scores from the analysis on the economic performance of EU re-
gions2. Confirming recent debates emerged both in economic and political circles,
the labor productivity turns out to be the most important variable in stimulating
the latent factor called Competitiveness Index. High skill employment and GDP
per capite are significant but their weight is lower. The path diagram is shown in
Figure 1 while Tables 4 and 5 show the ranking of EU regions.

European regions ranking derived using the factor scores from the analysis
above is coherent with ranking proposed using different approaches (see for ex-
ample Porter, Delgado, Ketels 2006). The most competitive regions in Europe are
Luxembourg, Bruxelles, Hamburg, Stockolm, Ile de France, Wien while the least

2Rotation serves to make the output more understandable and is usually necessary to facilitate
the interpretation of factors.
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Figure 1: Path Diagram for Competitiveness Index

Table 6: Scores (Varimax Rotation). Innovative Competitiveness Index

LPROD 1.073
HRST 0.13

EMPLHE 0.158
PATENTS 0.886

GDPPC 0.125

competitive regions are those from countries that only recently joined the EU. Ital-
ian regions are ranked between 22th. and 167th. position with evident differences
between northern and southern regions. The best Italian region turns out to be
Lombardia (22th.) while the worse is Sicilia (167th.). This result is coherent with
several studies showing that Italian regions have different performance but when
compared to other European regions they tend to cluster in three macro-regions,
North, Center and South. In particular, even if Italy is the 7th. richest economy
in the world, it emerges that Italian best performers are not among the European
best performers.
Results from the factor analysis with Innovative Competitiveness factor (ICOMP)
are shown in Table 6 and the path diagram is reported in Figure 2.
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Figure 2: Path Diagram for Innovative Competitiveness
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Adding innovative capacity to economic prosperity proxies, rankings change
accordingly; Table 7 and Table 8 show that using this definition, the most com-
petitive regions in Europe are still Luxembourg, Bruxelles, Hamburg, Stockolm,
Ile de France, Wien, Denmark and Groninger and the least competitive regions
are still the Eastern Europe regions that only recently joined the Union but in be-
tween there is a strong reshuffling. This result is also coherent with the National
Innovative Capacity Index ranking (Furman, Porter, Stern, 2002) showing, using
country data, that the most competitive countries are those having both economic
prosperity human capital and innovative capacity. Focussing on Italy, the effect
of the introduction of innovative capacity and human capital variables is twofold:
a group of 7 regions is negatively affected (by comparison of relative positions in
ranking) by it, while a more numerous second group (14 over 21 regions) strongly
benefits from its introduction. Comparing the two rankings, in the first group
we find Lombardia, Regione Autonoma di Trento e di Bolzano, Piemonte, Val
d’Aosta and Molise, while Friuli Venezia Giulia has almost the same rank. All
remaining regions benefit from innovation and human capital, showing that their
ranking in Europe is better than that described using only economic performance
proxies. Among the latter, the best performer are Lazio, Veneto and Emilia Ro-
magna. In particular, Lazio jumps from 52th. to 24th. rank thanks to very high
levels of R&D expenditures and number of patents application (and, hopefully,
following registration). However, several Italian regions show good performance:
Lombardia is ranked 25th and Toscana, Emilia Romagna, Friuli Venezia Giulia
and Veneto are grouped between 66th and 72th positions. On the contrary, South
of Italy shows a negative performance and several southern regions are ranked
between 154th and 164th position, close to Greece, South of Spain and East Eu-
rope regions that recently joined the European Union (especially Romanian and
Bulgarian regions).

5 Conclusion
Competitiveness is a relevant topic in the economic literature but its meaning and
the way it can be measured are still a matter of lively debate. Following a re-
cent literature, competitiveness is strictly related to the sources of a country’s
prosperity. In this perspective, several authors suggest an approach focussed on
improving skills,stimulating innovation and fostering firms. It is only by building
such capacity, that developed and less developed countries will be able to move to
the next stage of improving competitiveness and achieve sustained high levels of
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prosperity.
From the empirical side, the most used measure in literature is represented by the
competitiveness index, a composite indicator ranking countries against each other
according to selected criteria and proxies of competitive ability. Competitiveness
indices have become a significant part of the policy discourse even if only few
contributions focus on the statistics of competitiveness indices. In fact, competi-
tiveness is a relative concept: it depends on the variables included in the analysis,
on the disaggregation level, on the data sources. Hence,policy measures strongly
depend on these variables.
This paper deals with competitiveness indices and use confirmatory factor analy-
sis to study the characteristics of European regions using data from Eurostat Regio
database. Focusing on the economic and innovative capacity of the European re-
gions, the factor analysis is conducted to find evidence of a latent relationship
between these variables and to rank European regions on the basis of the weights
estimated. Two analyses are run: firstly, only economic prosperity proxies will
be introduced, secondly the innovative capacity variables are also included. We
show how the introduction of innovative capability affects the EU regions ranking
and how the results and policies developed on those results can be influenced by
the choice of the variables included.
From the confirmatory factor analysis some conclusions can be drawn. Firstly,
the most important variables in stimulating innovative competitiveness is the la-
bor productivity and patenting application. Secondly, the most competitive re-
gions in Europe are Luxembourg, Bruxelles, Hamburg, Stockolm, Ile de France,
Wien while the least competitive Bulgarian and Romanian regions, independently
of the index considered. This result is coherent with Porter analyses showing that
the most competitive countries are those having both economic prosperity human
capital and, especially, innovative capacity. Thirdly, the analysis shows that rank-
ings are strongly affected by the variables included. In particular, best and worst
performers are large regions with capital and regions that recently joined the EU,
respectively and independently of the variables included but, all remaining regions
show very different positions. This result shows how sensitive rankings are and
that policy measures based on competitiveness indices should be taken with care
because they strongly rely on relative indicators. Finally, focussing economic
performance only, Italian regions perform quite well and show the well known
differences between northern and southern regions. The introduction of innova-
tive and human capital proxies, instead, has a composite effect on Italian regions.
A group of 7 regions is negatively affected by it, while a more numerous second
group (14 over 21 regions) strongly benefits from it. In particular, Lazio shows
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the biggest jump thanks to very high levels of R&D expenditures and number of
patents application and several other regions show good performance: Lombardia,
Toscana, Emilia Romagna, Friuli Venezia Giulia and Veneto. Southern regions,
instead have low ranking close to Greece, South of Spain and East Europe regions
that recently joined the European Union.
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