
The Readiness of the European
Union to Embrace the Fourth
Industrial Revolution

éva kuruczleki

University of Szeged, Hungary
evakuruczleki@gmail.com

anita pelle

University of Szeged, Hungary
pelle@eco.u-szeged.hu

renáta laczi

University of Szeged, Hungary
lacirenata@hotmail.com

boglárka fekete

University of Szeged, Hungary
fekete.boglarka89@gmail.com

Knowledge has become a crucial factor of production in the de-
veloped economies and, as humans are the carriers and utilisers
of knowledge, skilled human resource is gaining similarly large
relevance. These advancements are elements of the substantial
changes that characterise the fourth industrial revolution – a phe-
nomenon worth studying in detail. The European Union has been
explicitly concerned about the shift to the knowledge economy
since the Lisbon Summit of 2000. More than one and a half decades
later the eu’s readiness to embrace the knowledge-driven fourth
industrial revolution can be examined. We undertake that by cre-
ating an index based on various related data.
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Introduction

Change has always been an immanent feature of the economy. How-
ever, in our times, changes occur at a pace faster than ever, and are
even accelerating. Also, many of the changes are disruptive. Sim-
ilarly, knowledge has in fact been a factor in doing business for-
ever. According to Dosi (2012), ‘economic theory is intrinsically about
knowledge-based economies’ (p. 167), while Saviotti (2012) claims
that we can only identify the roots of today’s knowledge-based so-
ciety ‘in the second half of the nineteenth century with the advent
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of the modern university system and with the institutionalization of
industrial r&d’ (p. 211). Even so, knowledge has usually not been
studied directly in economic theory but along connecting phenom-
ena such as innovation (Saviotti 2012). In contemporary economics,
Lundvall (1992) stated as early as in the beginning of the nineties
that, in the economy as a whole, knowledge was the most important
resource, and learning the most important process.

So, in our times, the role of knowledge is widening more than ever
before, its importance is growing larger than before, and its creation,
management and sharing is gradually but decisively transforming.
This transformation is where the substantial roles of change and
knowledge meet, both in economic theory, and in every-day busi-
ness life. How have we gotten to this point, and where is Europe
in this process now? The first industrial revolution took place in
Europe though it originates in England, not from continental Eu-
rope. Since the second industrial revolution, though, the role of the
main initiator has been taken over by the United States of Amer-
ica (usa). However, even in the usa technological advancement is
posing huge challenges to maintaining employment levels (Martus
2015). The question how Europe, the European Union (eu) is (or is
not) prepared to embrace or even master the changes occurring in
the framework of the fourth industrial revolution can be asked. Our
study addresses this question in the first place.

In order to be able to find answers to our own query, in our study
we first take an overview of the phenomena often referred to by the
umbrella expression of ‘the fourth industrial revolution’. In our anal-
ysis, we pay special attention to two areas crucial for businesses to
succeed in this new era: knowledge and human capital. We are inter-
ested in seeing how their nature and relevance as inputs to business
success have altered with technological advancement, and how they
can be developed and maintained by firms to remain competitive in
this dynamic environment.

Afterwards, we change focus, from theory to analysis. In particular,
we turn our attention to the economy of the eu as the specific sub-
ject of our investigation, i.e. how European integration as a whole is
(or is not) reacting to the changes underway, and how the eu mem-
ber states are performing in the areas identified as inevitable in the
successful adoption to these changes.

As regards the eu member states, we also conduct a statistical
analysis in order to depict a fact-based, sufficiently detailed picture
of the current state of affairs in relation to the main fields of our in-
vestigation. At last, based on our analyses, we make some cautious
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predictions regarding the prospects for the economy of the eu in the
foreseeable future.

The Fourth Industrial Revolution

The fourth industrial revolution (also referred as industrial revolution
4.0 or, in Germany in particular, Industry 4.0) is currently the subject
of debate in the economic literature as academics are trying to make
reasonable projections for the future. On one hand, some argue that
the fourth industrial revolution and future innovations in general
do not imply such a growth potential what we have experienced in
the past, for example with the generation of power (Gordon 2014).
On the contrary, other theorists claim that the impacts of the fourth
industrial revolution and the on-going digitalisation on innovation
and growth will be ever stronger (Brynjolfsson and McAfee 2014).

The World Economic Forum (wef) organised its 2016 Annual
Meeting in Davos around the topic of the fourth industrial revo-
lution. The director of the wef, Schwab (2016) released his book
dedicated to the topic precisely for the meeting. He takes a thorough
overview of the ongoing and predicted changes in how we work, live,
and do business, starting with the main affirmation that ‘changes
are historic in terms of their size, speed and scope’ (Schwab 2016).
At the same time, we have to discover that technology is not an ex-
ogenous factor in the lives of individuals and businesses; quite the
contrary, it is a tool to embrace, an opportunity to grab. In particu-
lar, the fourth industrial revolution is characterised by: widespread
and broadly accessible internet; smaller, cheaper and more power-
ful sensors; artificial intelligence; and machine learning. The drivers
of the change are physical (autonomous vehicles, 3d printing, ad-
vanced robots, new materials), digital (internet of things, relation-
ship between things, and people connected by technologies and plat-
forms), and biological (genetic sequencing and genetic engineering,
synthetic biology and biological editing).

At present, technological transformation is changing practically
every aspects of economic and social life, including basic mecha-
nisms like demand formation, capital accumulation, or employment
generation (Dosi 2012). And also market structures, with the appear-
ance of two- or multi-sided markets, and platform economics. Two-
sided markets are the ones where there are two or more, clearly
distinguishable groups of users whose demands are interdependent
and therefore either or both groups produce positive externalities.
At present, many industries operate as two-sided markets. In this
setting, it is a platform that ensures room for interaction among the
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different groups, making it easier for them. Platforms play a distinc-
tive role in reducing transaction costs.

Two-sided markets were first analysed by Rochet and Tirole (2003).
Upon their classification, economic theory distinguishes four dif-
ferent types of platforms (Evans 2011, 5–9): those of exchange, the
media, transaction systems, and software platforms. Nevertheless,
regulation of platforms is far from advanced and is only sluggishly
following markets. Regulators are still lacking new robust models
so they are constrained to using traditional methods in the course
of their investigations, which raises the risk of false conclusions. In
particular, traditional approximations of demand tend to underesti-
mate the size of the relevant market and thus overestimate market
distorting effects.

Under the fourth industrial revolution, firms change substantially
as well. They are ‘no longer viewed merely as machines of trans-
actional efficiency, bureaucratic order of labour exploitation. They
are seen as repositories of competences, knowledge and creativity,
as sites of invention, innovation and learning’ (Amin and Cohendet
2012, 403). In fact, firms appear as a cognitive platform for interact-
ing communities. Importantly, corporate culture is part of the com-
mon knowledge.

We are also witnessing large communities of businesses organ-
ising themselves into complete business ecosystems. These are ‘dy-
namic and co-evolving communities of diverse actors who create
and capture new value through both collaboration and competi-
tion’ (Canning and Kelly 2015, 4). Such businesses are shaping their
own business landscape, act as collective wayfinders. They share re-
sources and they work cooperatively and competitively at the same
time. Their adaptive and transformative capabilities are exceptional
and, in fact, immanent. In such business ecosystems, value cre-
ation no more occurs linearly, along a value chain, but in a network
structure called the value web. Ecosystems realise synergies, which
makes them attractive for individual firms, be they small or large.

Knowledge and Human Capital in the Fourth
Industrial Revolution

In relation to the fourth industrial revolution, there are some specific
characteristics of knowledge as an asset or factor of production that
are worth discussing. Firstly, knowledge has many faces. And knowl-
edge has been approached many ways in economic theory. In the
pragmatist theory of knowledge, it arises from the method of inquiry
that rests on creative hypotheses and experiences. Moreover, acquir-
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ing knowledge is not an individual process but it is taking place in
a collective dimension; therefore, institutions, and especially their
quality, play a role (Dutraive 2012).

Amin and Cohendet (2012) identifie the so-called knowing commu-
nities which are triggered by the fast expansion and growing com-
plexity of the knowledge base and the organisational challenges
posed by the need to acquire and utilise knowledge within strict time
limitations. In such an environment, knowing communities act as
pools of various competences that can be deployed in highly flexi-
ble manners. They can be formed within traditional organisations or
across old structures. Knowing communities have no clear bound-
aries but are kept together by individual passion on behalf of its
members and commitment to the common goal. Nevertheless, eco-
nomic aspects appear among the motivations of the participants. In
such cooperating communities, the frequency of interactions consid-
erably reduces opportunistic behaviour. Belonging to the community
is experienced in the jointly undertaken process of validation and
interpretation of the common knowledge.

Kasper, Streit and Boettke (2012) also emphasise that knowledge
(and skills) are spreading in the various communities of humans,
‘despite the fact that each and everyone has a limited capacity, lim-
ited resources and limited time to acquire and evaluate new informa-
tion and to compound it to knowledge’ (p. 46). They interpret knowl-
edge in an exceptionally wide sense, including knowledge on where
and what to buy, what new products to try out, rivals, close substi-
tutes, product variations, production processes, organisation, com-
munication and selling methods, possible exchange partners, etc.
They also discuss the costs of the knowledge management processes
and, even if not naming them as such, are mentioning platform-type
actors (calling them middlemen and their activities intermediation)
who urge to contribute to the reduction of those costs for their busi-
ness partners. In their view, in the knowledge economy, the main
functions of competition are: to find and test useful knowledge, to
disperse that knowledge, and to control errors. Those suppliers win
the competition that are successful in lowering their and their con-
sumers’ transaction costs, rather than production costs.

Dosi (2012) also claims that knowledge is a rather wide concept, it
includes, for example, ‘tacit and rather automatic skills like operat-
ing a particular machine or correctly driving a car’ (pp. 171–2) and
its accumulation may happen both through informal mechanism of
learning by doing and also in much more formalised processes. Ac-
cording to Saviotti (2012), a way to grab the concept of knowledge in

number 4 · winter 2016 331



Éva Kuruczleki, Anita Pelle, Renáta Laczi, and Boglárka Fekete

the economic theory framework is to accept its two properties: that
knowledge is a co-creational structure, and a retrieval or interpre-
tative structure. This way we are properly equipped to analyse the
processes of knowledge creation and utilisation, even enabling our-
selves to map the knowledge base of firms.

In the knowledge-based economy, many new aspects have to be
considered by applied economic theory. If an economy is primar-
ily knowledge based, its self-sustainable growth is rather likely
(Dosi 2012). The web economy is a specific manifestation of the
knowledge-based economy. The web economy can in fact be di-
vided into four major platforms: e-commerce, online publishing,
social networks, and online advertising. In comparison to regular
markets, here new features appear and influence the market: the
critical mass (of suppliers and/or users) is more relevant, fees are
calculated in a more complex way (in fact, some user groups may
eventually enjoy some products or services free of charge) than in
traditional linear markets, and there is a so-called ‘invisible engine’
(Evans 2011) operating in these markets, catalysing trade.

In the knowledge-based view of the firm, rationality is bounded,
knowledge has tacit elements and is distributed within and across
firms. Transaction costs are functions of (economically relevant)
knowledge, and so is value creation and value appropriation. Knowl-
edge assets are eventually owned and controlled by individual agents
who are becoming increasingly important to the firm. In this theo-
retical context, the major strategic objective of creating and main-
taining competitive advantage are pursued through targeting the
optimisation of these transaction costs (Foss 2005). Besides scaling
economies there can be substantial learning economies and not only
in relation to knowledge on the market (Church and Ware 2000) but
also regarding knowledge as an asset of good in itself.

Information, knowledge, or software are not only inputs but also
outputs of production (i.e. they are goods). In the context of the
knowledge economy, the concept of club goods is interpretable (El-
sner, Torsten, and Schwardt 2014), referring to the in-between status
between private and public goods, i.e. when a certain group of agents
have access to them. Within this group, network goods are the ones
of which the owners construct a network – in such cases, network ex-
ternalities also arise. As for knowledge itself, it can be a private or a
public good but, in most of the cases, it is somewhere in-between. In
this respect, we can identify two parallel tendencies: on one hand,
there are strong incentives to provide access to knowledge, even if
it is codified knowledge. At the same time, in part connected to the
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above tendency, there is also a strong push to protect intellectual
property (Lundvall 1992).

In this environment, the main question is who bears the costs
of development and in what way, and how the income realised on
investments is distributed. Besides the usual issues of industrial
organisation (pricing, effects of scale, tying, planned obsolescence
etc.) new ones come up, including compatibility and interoperabil-
ity, pirating, or open source as a business model (Elsner, Torsten,
and Schwardt 2014). For economic modelling, even if network sci-
ence methodology is applied, the two-sided markets where there are
two (or more) multiple, distinct, and separable groups of actors (see
above), bring further new challenges, especially as there presumably
exist network externalities within the groups, and for the whole of the
network as well.

Relevant literature identifies two models of knowledge creation
(Lundvall 1992): in the sti model, there is a science – technology –
innovation sequence occurring. In the other approach, the so-called
dui mode, it is the steps of doing – using – interaction that are taken.
In Lundvall’s (2012) view, ‘while the output of the dui mode may be a
tangible new product with embodied technical knowledge – such as
a numerically controlled machine tool – the outcome of the sti pro-
cess may be disembodied knowledge that can be widely distributed.
But the more codified form also makes it easier to protect this kind of
knowledge through intellectual property rights in the form of patents
or licenses’ (p. 307).

The term knowledge society is not unknown in academic litera-
ture either, as it has already been described and expanded during
the previous decades by notable scholars in the field, like Drucker,
Mansell or Stehr (unesco 2005). Developing a knowledge society
gained its momentum at the end of the last millennium as the in-
formation technology started to develop at such pace that the world
has never experienced before. Focus turned on new industries like
cybernetics, biotechnology, nanotechnology etc., areas which require
an advanced level of knowledge. Soon economies recognized that
having a highly skilled labour force is a necessary precondition of
the establishment of a knowledge-based society. The main driver of
developing the level of high-skilled labour force is sharing knowl-
edge among members of the society. Higher education institutions
and private sector enterprises are those, who can contribute the most
to fostering innovation and the transition into a knowledge-based
economy. Knowledge is a complex phenomenon that is influenced
by education, technological development, and innovation as well.
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Taking into consideration the pro and contra arguments, we can be
sure that the current trends and changes will have a major impact on
the future of jobs and skills required on the labour market, especially
as it is also going through a transformation (Acemoglu and Autor
2010). For example, the boundaries of routine and non-routine tasks
are pushed further by technology (Autor and Dorn 2013; Goos, Man-
ning, and Salomons 2009). The non-routine tasks at the lower and
the higher ends of the skill scale are the ones that are not likely to
be automated. This may lead to the further polarization of the labour
market since knowledge workers are already in more favourable po-
sitions. In fact, currently the highest potential for productivity and
growth is located in the knowledge sector (European Commission
2015).

Furthermore, employment has a strong connection with educa-
tional attainment. As Esping-Andersen claimed, back in 2002, ‘accel-
erating the pace towards a knowledge-intensive economy implies
heavy investments in education, training and cognitive abilities.
Those with low human and social capital will inevitably fall behind
and find themselves marginalised in the job and career structure. It
is accordingly tantamount that educational investment be as broad-
based as possible’ (Esping-Andersen 2002, 79). Lindley (2002) was
observing that, already at that time, ‘knowledge workers and the so-
cially excluded seem destined to live in different worlds’ (p. 95) and
that the best tool to fight social exclusion was education. For this
reason, we claim that education is of key importance when we talk
about knowledge, skills and human capital.

The formation of future human capital is taking place today so ed-
ucation systems also have to adapt to current changes in order to be
able to deliver the knowledge and skills required in the future. First,
instead of the silo type approach in education, there is a need to
develop individuals with cross-functional skills encompassing both
technical and social analysing skills (World Economic Forum 2016).
The skills required may vary across industries; however, the com-
plex problem-solving ability is of growing importance in every sec-
tor. Second, the issue of skill mismatches has already been identified
in the European Union (European Commission 2016) but still it is
generally associated with the present state of skill gaps. In our point
of view, what raises more concern is that the skills acquired or being
taught today are not matching the skills demanded in the future.

Technology is at the same time the trigger and the enabler of
transformation in education. The new skills and competences re-
quired in the labour market of the future can be developed by inte-
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grating technology into education. Besides the basic digital skills,
students have to acquire programming and advanced computing
skills, learn how to use big data and how to utilise online learning
platforms for sharing knowledge (oecd 2016).

However, the human capital present in the labour market today
should also be maintained. Businesses and their managements have
a great responsibility in upskilling and reskilling the current labour
force by encouraging life-long learning and providing on-the-job
training. Maintaining human capital should be a priority for busi-
nesses if they wish to survive under the fourth industrial revolution.
Moreover, investment in skills and human capital is also associated
with higher levels of competitiveness (Pelle and Laczi 2015).

The European Economy at the Verge of the Fourth
Industrial Revolution

The European Council agreed in March 2000 in Lisbon that: ‘The
European Union is confronted with a quantum shift resulting from
globalisation and the challenges of a new knowledge-driven econ-
omy. These changes are affecting every aspect of people’s lives and
require a radical transformation of the European economy. The
Union must shape these changes in a manner consistent with its
values and concepts of society and also with a view to the forthcom-
ing enlargement.’ (European Council 2000) Accordingly, the strategic
goal was set for the 2000–2010 period, name that the eu should ‘be-
come the most competitive and dynamic knowledge-based economy
in the world capable of sustainable economic growth with more and
better jobs and greater social cohesion.’ (European Council 2000)
Already at the time of the Lisbon presidency of the eu in the first
half of year 2000, the main question was how knowledge was go-
ing to shape Europe’s future and experts agreed that Europe was on
the crossroads whether to maintain a leading position in the global
economy or losing relevance (Rodrigues 2002).

The strategic goal of the Lisbon strategy was reaffirmed and re-
newed with the adoption of the Europe 2020 strategy in March 2010
(European Council 2010). According to the Europe 2020 strategy, the
eu should realise smart, sustainable and inclusive growth (these are
the priorities) in the second decade of the 21st century. To this end,
measurable targets were set in the fields of the three priorities. In
May 2015, the European Commission published the Digital Single
Market strategy and set out 16 initiatives to make it happen.1 Among
these, we can find provisions on fostering the digital business en-
vironment, making e-commerce easier, modernising copyright law,

number 4 · winter 2016 335



Éva Kuruczleki, Anita Pelle, Renáta Laczi, and Boglárka Fekete

analysing online platforms, and ensuring digital privacy and cyber
security.

To see how prepared the European Union is for the arrival of
the fourth industrial revolution, we examined some indicators that
show r&d and innovation-related performance, and the availability
of skilled human capital.2 First, taking Eurostat data for gross na-
tional research and development expenditures (gerd) from the year
2014, we can see that German gerd is far beyond the other eu Mem-
ber States (a total of 82,866 million eur). However, taking size dif-
ferences into account, gerd expenditures as a total cannot be com-
pared directly. Instead we took the gerd per capita values for the
year 2014 as the last available data. In this respect, the three North-
ern member states are the best performers, then come five out of the
six founding member states, Italy being an exception. Western coun-
tries, and also Austria and Slovenia, are in the mid-range as well.
The major Southern Eurozone countries (Spain, Portugal and Italy)
seem to perform slightly better than Eastern new member states but
are still lagging behind their Western neighbours.

This indicates a clear distinction to be drawn between the Western
member states and those countries that joined the eec/eu later, the
majority of them being referred to as new member states. In 2014,
Denmark spent 1,413 eur per inhabitant on research and develop-
ment, this being the highest among the 28 member states. Denmark
is followed by fellow Northern countries Sweden and Finland, then
Austria, Luxembourg, and Germany as well, also spending more
than 1,000 eur per capita on r&d. The worst performers are Roma-
nia, Bulgaria and Croatia, with a difference between them and the
best performers being more than 1200 eur per capita.

Fostering innovation and encouraging research and development
has been a priority of the eu since the Lisbon strategy. Connected
to the Europe 2020 strategy, a flagship initiative called Innovation
Union has been launched. As part of the five main targets of the
strategy, an overall goal of r&d spending to reach 3% of eu gdp was
set (European Commission 2016). If successful, this initiative and
the Digital Single Market agenda together are to make the desired
goal of the eu becoming the most competitive economy of the world
finally reached. r&d and innovation, often referred to as r&d&i, con-
tribute to the functioning of a well-established knowledge-based so-
ciety which in the long run could benefit not only European busi-
nesses, but governments as well, and would improve living condi-
tions and provide further opportunities: more jobs or better social
services for citizens.
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But still, halfway through the Europe 2020 programme, the de-
sired goals have not been realised yet, and regional differences men-
tioned above persist, making the core and the periphery diverge fur-
ther away from each other. Western Member States seem to be able
to reach the 3% goal in r&d expenditures, and Northern countries
like Sweden, Finland and Norway have Falready surpassed it. Still,
new member states and the Southern Eurozone countries show gen-
erally lower performance and, in their cases, the national target is
adjusted lower as well, taken into account their circumstances and
current state of affairs. The fact that even the headline indicator was
set lower for the majority of the countries in the periphery indicates
that these countries might not be able to catch up with the fast tech-
nological development, not even in the future.

The number of patent applications to the European Patent Office
(epo) shows one aspect of the innovative performance of a country.
The latest available data for the number of patent applications per
million inhabitants is from 2013. On average, 113.27 patent appli-
cations were submitted to the epo per million inhabitants; however,
the divide between the core and the periphery is, again, vast. While
Sweden, as the best performer, had 301.97 patent applications per
million inhabitants, the latest joining member states, Croatia, Bul-
garia and Romania all have less than 5 per million citizens. New
member states, with Slovenia being an exception again, generally
submitted less than 30 patent applications per million inhabitants to
the epo in 2013.

The number of r&d personnel in full-time equivalent is not a good
indicator to be compared directly either but the rate of r&d person-
nel as a percentage of the active population makes data compara-
ble and also shows how much effort a country puts into developing
a steady base of human capital to improve its research and devel-
opment performance. The same pattern as explained above can be
noticed in this case as well: the ratio of r&d personnel measured in
full-time equivalent as a percentage of the active population in 2014
is the highest among Western and Northern countries, with Den-
mark having 2.02%, followed by Finland, Luxembourg, Sweden, and
the old member states. Slovenia ranking 7th among them with 1.46%
is again the exception from the new member states that have gener-
ally lower rates, most of them below 1%.

Another challenge Europe is facing is the transformation towards
the knowledge-based economy. As universities and higher educa-
tion institutions drive innovation in Europe, one target within the
education-related initiatives of the Europe 2020 strategy is that, by

number 4 · winter 2016 337



Éva Kuruczleki, Anita Pelle, Renáta Laczi, and Boglárka Fekete

2020, more than 40% of the population aged 30–4 should have a ter-
tiary education degree. It is a promising fact that, by 2014, the ma-
jority of the Member States were above 30%, and more than half of
them already reached the 40% goal and have been working to reach
higher goals (Eurostat 2015). In this case, the previous pattern of
core and periphery diverging cannot be observed: from the old mem-
ber states, Italy is the one that has the lowest rate with 23.9% and is
also the last from all the eu member states. However, Germany is
also among those performing the lowest rates, far below the eu28
average (37.9%) while, from the new member, states Lithuania and
Cyprus, both having a level above 50%, manifest that, for tertiary
education attainment, Eastern countries are able to perform just as
well as their Western and Northern neighbours.

Almost all the mentioned indicators show that the core and the pe-
riphery of the eu are far from reaching the same development level
towards building a well-functioning knowledge-based economy. In
fact, this divergence remains an urgent problem that the eu has not
been able to tackle so far. There are some exceptions, namely Slove-
nia and the Baltic states, that have succeeded in realising conver-
gence towards Western European levels: Estonia has introduced e-
Residency, a transnational digital identity3 to unleash the country’s
full business potential while Slovenia has carried out serious ict in-
vestments and has made huge efforts to turn the vision of the knowl-
edge economy into reality (Bučar 2006; 2011). However, regional dif-
ferences in the majority of the region continue to persist and, in fact,
the gap between the core and the periphery has deepened even more
in the aftermath of the financial crisis, now merging the group of the
Southern Eurozone countries and the Eastern new member states
into one group: the periphery (Pelle 2015).

Data Analysis

In order to discover eu member states’ readiness for the fourth in-
dustrial revolution, we introduced a new index based on Eurostat
data, called Industry 4.0 Readiness, and also carried out a cluster
analysis to reveal territorial differences among the member states. In
creating the new index, we followed the methodology the World Eco-
nomic Forum uses to generate new indices based on the calculation
of secondary indices (World Economic Forum 2013). The calculation
is carried out according to the following formula:

country value−sample minimum
sample maximum−sample minimum

. (1)
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table 1 Indicators Used to Create Industry 4.0 Readiness Index

Name of indicator Unit of measurement

(a) Total intramural r&d expenditure (gerd) Euro per inhabitant

(b) Gross domestic expenditure on r&d (gerd) Percentage of gdp

(c) Community trade mark (ctm) applications Per million inhabitant

(d) Community design (cd) applications Per million inhabitant

(e) Total r&d personnel and researchers Percentage of active population
– numerator in full-time equiv-
alent (fte)

(f) Tertiary educational attainment Percentage of age group 30–4

(g) ict specialists Percentage of total employment

(h) Digital single market – promoting e-
commerce for businesses, enterprises sell-
ing online

Percentage of enterprises

We used 2014 data from the Eurostat database (as latest available),
and chose indicators that are closely related to the innovative per-
formance and development of the countries. We were keen on find-
ing indicators to represent all fields introduced in this study; how-
ever, for one indicator, the number of patent application to the epo,
no 2014 data were available so we had to omit that dimension from
our analysis. Our Industry 4.0 Readiness index thus consists of 8 in-
dicators (tables 1 and 2).

While forming our new index, first, we calculated secondary in-
dices based on the above introduced formula and then, as a result,
created values that lie between 0 and 1 for all indicators (this comes
from the very nature of the applied formula) where 0 represents the
country with the lowest value in that sample and 1 being the best
performer. As the next step, we took the simple average of the values
and created the final Industry 4.0 Readiness index (table 3). Unfortu-
nately, in the case of Croatia, data were not available for the ratio of
enterprises selling abroad so we could not set up the index for Croa-
tia. For the other 27 countries, after having the index calculated, we
sorted them from highest to lowest in order to show which country
is the best prepared for the upcoming challenges of the fourth in-
dustrial revolution (furthest right column of table 3). We also made
a visual representation of the data (figure 1). The outcome of our
analysis confirmed our prior expectations of Northern and Western
countries being better prepared for the upcoming technological and
innovation challenges.

To further underpin our assumptions of the territorial differences
in this respect, we carried out a cluster analysis. From the above used
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table 2 Components of Industry 4.0 Readiness Indicator and eu Member States’
Performance along These, 2014

Country Raw indicators

(a) (b) (c) (d) (e) (f) (g) (h)

eu28 558.4 2.03 163.03 30.92 1.14 37.9 3.66 17

Sweden 1411.3 3.16 269.88 59.82 1.61 49.9 6.00 25

Luxembourg 1117.4 1.24 2279.50 191.02 1.94 52.7 5.09 7

Denmark 1413.0 3.08 269.23 77.48 2.02 44.9 3.86 26

Finland 1194.6 3.17 191.33 58.15 1.95 45.3 6.66 15

Belgium 881.3 2.46 185.47 34.09 1.38 43.8 4.39 23

Austria 1155.9 2.99 342.19 58.89 1.54 40.0 3.77 13

Ireland 623.5 1.55 223.86 22.15 1.16 52.2 4.62 27

Germany 1026 2.84 231.10 43.48 1.43 31.4 3.68 23

Netherlands 776.9 1.97 236.31 49.79 1.38 44.8 4.96 13

United Kingdom 595.9 1.72 183.09 27.90 1.19 47.7 4.87 20

Slovenia 431.9 2.39 168.84 50.46 1.46 41.0 4.78 14

France 730.7 2.26 113.71 27.04 1.47 43.7 3.47 12

Czech Republic 294.0 2.00 85.80 24.45 1.22 28.2 4.12 27

Estonia 217.3 1.46 231.03 23.56 0.86 43.2 4.95 12

Spain 273.6 1.20 188.51 19.69 0.87 42.3 3.09 17

Malta 158.3 0.85 898.01 56.42 0.82 26.5 4.58 16

Lithuania 125.6 1.02 76.78 12.57 0.76 53.3 1.94 18

Hungary 144.7 1.38 53.35 7.09 0.84 34.1 4.85 10

Cyprus 96.4 0.47 490.68 27.97 0.29 52.5 2.37 10

Portugal 213.8 1.29 122.75 18.89 0.90 31.3 2.47 14

Poland 101.6 0.94 84.78 34.27 0.60 42.1 3.05 10

Slovakia 123.6 0.89 61.30 10.89 0.65 26.9 4.10 12

Italy 341.7 1.29 152.17 33.63 0.97 23.9 2.51 5

Greece 135.6 0.83 72.36 4.22 0.90 37.2 1.31 9

Latvia 81.3 0.68 79.94 14.99 0.58 39.9 2.03 7

Bulgaria 46.3 0.80 92.47 14.91 0.57 30.9 1.88 6

Romania 28.8 0.38 29.18 3.01 0.34 25.0 2.65 7

Croatia 80.0 0.79 30.14 4.24 0.53 32.2 2.85 n.a.

notes For names of indicators and units of measurement see table 1 above.

8 indicators, we had to leave Community Trademark and Commu-
nity Design applications out of the examination as the outlier values
of Luxembourg and Malta distorted the cluster creation process. Ac-
cordingly, we created our clusters considering the remaining 6 main
indicators. As a result of our analysis, we succeeded in setting up 4
clusters that all have their distinctive features (tables 4 and 5).

The first cluster represents the most innovative and developed
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figure 1 Industry 4.0 Readiness, eu Member States, 2014
(OpenHeatMap based on authors’ calculations)

table 4 Cluster Division

Cluster Member States

1st Belgium, Denmark, Germany, Austria, Finland, Sweden

2nd Bulgaria, Estonia, Croatia, Italy, Hungary, Malta, Romania, Slovakia

3rd Czech Republic, Ireland, France, Luxembourg, Netherlands, Slovenia,
United Kingdom

4th Greece, Spain, Cyprus, Latvia, Lithuania, Poland, Portugal

countries, with outstanding values in all indicators. In 2014, mem-
ber states in this cluster spent on average 1180.35 Euros per inhab-
itant on research and development, total r&d expenditures being at
average 2.95% of gdp. The ratios of r&d personnel and ict special-
ists are also the highest in this group, indicating that these countries
are on the best way towards a well-established and well-functioning
knowledge-based economy and society. The rate of online trading
enterprises was 20.83% on average, again the highest among the
clusters.

The second and the fourth clusters show similar characteristics,
primarily by performing the lowest values. Nevertheless, the two
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table 5 Cluster Characteristics

Characteristics Cluster

1st 2nd 3rd 4th

Total intramural r&d expenditure
(gerd), euro per inhabitant

1180.3500 142.5875 652.9000 146.8429

Gross domestic expenditure on r&d

(gerd), percentage of gdp

2.9500 0.9800 1.8757 0.9186

Total r&d personnel and re-
searchers as percentage of active
population – numerator in full-time
equivalent (fte)

1.6550 0.6975 1.4029 0.7000

Tertiary educational attainment,
percentage of age group 30–4

42.5500 30.3375 44.3286 42.6571

ict specialists, percentage of total
employment

4.7267 3.5463 4.5586 2.3229

Digital Single Market – promoting
e-commerce for businesses, enter-
prises selling online, percentage of
enterprises

20.8333 8.5000 17.1429 12.1429

clusters face different challenges: while both of them have similarly
low gross domestic r&d expenditures, in the second cluster, tertiary
educational attainment on average is about 12 percentage points
lower than in the fourth cluster, the rate of enterprises trading on-
line and the rate of r&d personnel are also the lowest, indicating that
they are lacking high skilled human capital. Countries with the low-
est Industry 4.0 Readiness values belong to the second cluster. At the
same time, members of the fourth cluster struggle with the lack of
ict specialists but, at the same time, they perform better regarding
tertiary education attainment, the group average even exceeding the
best performing group’s mean tertiary education attainment value.
Thus, we can say that countries in the fourth cluster are at least
showing commitment towards development. (Answering the ques-
tion in what way Greece and Spain have arrived in this cluster is
outside the scope of this study but, at first site, their current posi-
tion may be the result of diminishing readiness, instead of develop-
ment.)

The third cluster represents Western Europe and, as we can see,
Slovenia and the Czech Republic also belong to this group. This clus-
ter can be considered as a follower of the first cluster, with just
slightly lower mean values, except for tertiary educational attain-
ment, which is the highest among all clusters. Member states in this
cluster can be considered as having a sufficient supply of highly
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skilled labour, yet do not paying as much attention to investing in
research and development as their Northern neighbours.

To conclude the data analysis, we confirm our assumptions of the
existence of territorial differences. However, instead of a core and
a periphery, we could compose four distinct clusters: the North, the
West, the East, and the South. The North and the West show similar-
ities but differ slightly in the intensity in research and development
expenditures while the East and the South also share common fea-
tures but differ in the availability of highly skilled labour force.

Conclusions

We are living in a time of substantial changes. Knowledge, technol-
ogy and new business models are shaping our present and future.
Adaptability, preparedness, and responsiveness are key ingredients
to success, not only at the level of individuals and businesses, but
also for countries or economic blocs as the European Union itself.

According to our analysis, the eu as a whole is performing accept-
ably well to meet the challenges posed by the fourth industrial revo-
lution. However, if we go to the level of individual member states,
we can identify vast differences among them in this respect. Our
Industry 4.0 Readiness indicator and our cluster analysis have also
highlighted these differences. According to the latter, the eu is di-
vided into four distinctive groups of countries: a North (being the
most prepared for the changes), a West, a South, and an East. The
tendencies are not showing in the direction of convergence or ho-
mogeneity, implying that policy action would be needed to scale up
the periphery in order to avoid even more serious fault-lines within
the eu.

Notes

1 See http://europa.eu/rapid/press-release_IP-15-4919_en.htm

2 All data in this section can be found at http://ec.europa.eu/eurostat/
web/europe-2020-indicators/europe-2020-strategy/headline-indicators
-scoreboard and at http://ec.europa.eu/eurostat/web/science-technology
-innovation/data/main-tables

3 See https://e-estonia.com/e-residents/about/
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