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Abstract:

Based on findings regarding existing indicators for the measurement of Industry 4.0, the goal of the
presented article is to create our own composite indicator and carry out a cluster analysis for EU
countries. There is a relatively large amount of academic studies in the area of the measurement of
Industry 4.0 that focus on the composite indicators that attempt to capture this phenomenon
statistically. At the moment, however, there are no available timelines of these composite
indicators. In the empirical section, we have created our own indicator - the “Industry 4.0 relative
performance index”. This Index was computed using the methodology of the World Economic
Forum. Computation of our own composite indicator has made it possible to record the development
of Industry 4.0 performance in time and thus evaluate the relative positions of member states.
Cluster analysis was carried out for the years 2011 and 2019, and data was extracted from Eurostat
and Worldbank statistics. Results of this paper may serve as guidance for future targeting of
cohesive EU policy in the field of Industry 4.0 support, which in the future may contribute to
strengthening the position of the EU economy as a whole.
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Introduction

Terms like “new industrial revolution”, “the Fourth Industrial Revolution” and “Industry 4.0” are
used often as of late. Each industrial revolution has brought with it advantages and new
challenges for socioeconomic status and this is no different for the Fourth Industrial
Revolution, in which the term Industry 4.0 plays a significant role.

The term Industry 4.0 comes from Germany, where it was presented as “Industrie 4.0”, and
already in 2012 the Government of Germany created the Industry 4.0 working group. This
group built a platform aimed at developing the concepts of new technologies for the future
(Tomek & Vavrova, 2017). As stated above, the concept of Industry 4.0 is linked with the so-
called “Fourth Industrial Revolution”, which builds upon the Third Industrial Revolution (i.e. the
digital revolution) that has been occurring since the middle of the last century. The Fourth
Industrial Revolution is characterized by a fusion of technologies that connects the lines
between the physical, digital, and biological spheres (Swab, 2016A).

The characteristics of the concept of the Fourth Industrial Revolution or Industry 4.0 are not
unified, and selected approaches are listed in Tables 1 and 2.

Table 1: Approaches towards defining the Fourth Industrial Revolution

Author(s) Definition

(Piccarozi et al., 2018) | The Fourth Industrial Revolution is based on the development of a
completely automated and intelligent production, capable of
communicating autonomously with the main corporate players.

(Sommer, 2015) The Fourth Industrial Revolution will lead to full automation and
digitalization processes, and the use of electronics and information
technologies (IT) in manufacturing and services in a private
environment.

(Buguin et al., 2013) The Fourth Industrial Revolution as the age of “cyber—physical
systems” — systems that integrate computation, networking, and
physical processes.

(Swab, 2016B) The Fourth Industrial Revolution is evolving at an exponential
rather than linear pace that not only changes the “what” and the
“how” of doing things, but also “who” we are.

(Morrar et al., 2017) The Fourth Industrial Revolution is the spread of technologies with
the assumption of exponential growth due to technological
changes and significant socioeconomic impact.

Source: own research based on studies of authors mentioned above

Table 2: Approaches towards defining Industry 4.0

Author(s) Definition

(Dutton, 2014) Industry 4.0 is related to what is called the “smart factory”.
(Kagermann & Industry 4.0 is the IoT: data and services that will change future
Wahlster, 2014) production, logistics, and work processes.
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Author(s) Definition

(PwC, 2017) Industry 4.0 is a framework, which also was adopted by the
Flemish Government. The idea of the framework arose by asking
leading companies to determine their priorities among a group of
concepts. Smart systems, humans in Industry 4.0, smart
production, and people skills were identified as the highest
priorities

(Pan et al., 2015) Industry 4.0 represents the ability of industrial components to
communicate with one another.

(Kovacs & Kot, 2016) | The essence of Industry 4.0 conception is the introduction of
network-linked intelligence systems, which realize self-regulating
production: people, machines, equipment and products will
communicate with one other.

Source: own research based on studies of authors mentioned above

Industry 4.0 has an important influence on the transformation of industry as a result of the
following three signs of progress: (i) The digitalization of production and information systems
(i) the automation of systems and (iii) automatic data interchange (see Almada-Lobo, 2015;
Schlechtendahl et al., 2015). Authors Atik & Uhlu (2019) point to the fact that the digitalization
of production and information systems is a necessary development for management and the
planning of production. Acquiring data from the production line requires the automation of
systems. Automatic data interchange helps link manufacturing sites in a supply chain.
According to Greengard (2016), Industry 4.0 has four main components: (i) Cyber Physical
Systems, (ii) the Internet of Things (l1oT), (iii) the Internet of Services (loS) and (iv) the Smart
Factory.

The aforementioned shows that, in regard to the non-uniformity of characteristic terms
surrounding the Fourth Industrial Revolution and Industry 4.0, it is not easy to describe this
complex phenomenon, no less record it with the help of statistics.

The primary problem in the area of statistically recording Industry 4.0 is the fact that only one
simple indicator is usually insufficient, and it is necessary to construct more complex
indicators. The next problem is the fact that the composite indicator timelines for Industry 4.0
are usually missing. These indicators are not usually firmly established methodologically or
known to the public. There are studies that have attempted to construct their own Industry 4.0
indicators, but they usually lack recordings of the development of these indicators in time, see
Atik & Unlu (2019) or Berger (2015).

Therefore, based on findings of existing indicators for the measurement of Industry 4.0, the
goal of this article is to create our own composite indicator and carry out a cluster analysis for
EU countries.

This article first provides a literature review that focuses on indicators used for the
measurement of Industry 4.0 primarily based on desk research methods and serves as a
basis for the creation of our own composite indicator in the context of the measurement of
Industry 4.0, thus fulfilling the set goal of the paper. Methodology and data used to create the
composite indicator are presented, and a cluster analysis is carried out. Research results are
then presented and the paper’s conclusion gives a summary of the issue at hand.
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Literature Review — Indicators of the Measurement of Industry 4.0

Indicators for the measurement of Industry 4.0 are rather rare in research and scientific
publications, and if they are dealt with, it is only in a very limited manner (they lack longer
timelines, follow-up research, etc.). We can claim that indicators can be divided into simple or
composite indicators.

Probably the simplest is the measurement of the performance of a given segment, i.e. Industry
4.0, the performance of Industry 4.0 with the use of simple indicators or statistical indicators
such as the percentage of the processing industry in GDP or the percentage of the ICT sector
on GDP. These examples of possible indicators stem from the fact that the processing
industry has a fundamental significance in industry on the EU level (Mracek, 2017), as
industry as a whole in the European Union generates 24% of the EU-28's GDP and provides
employment to around 50 million people, i.e. roughly one fifth of employed individuals in EU
member states (for more see European Commission, 2017). In addition, as the term Industry
4.0 is often linked to the term digitalization, the ICT sector thus plays a very significant role in
this concept (for more e.g. Perakovic et. al. 2020; Xu et al., 2018; Santos et al., 2017).
Another simple indicator in terms of the measurement of Industry 4.0 could also be the
percentage of innovative industrial enterprises in the overall number of enterprises. Here it is
necessary to mention that the possibility of using this indicator stems from the fact that
innovation plays a fundamental role in industry (for more see Miiller, 2017; Klimova & Zitek,
2015).

The advantage of simple indicators is that they are relatively available, they usually have a
clear methodological basis, and thus their interpretation is relatively clear. The disadvantage is
that they do not record the complexity of the researched phenomenon, and therefore these
indicators can be used more as input information for composite indicators.

Industry 4.0 is a complex phenomenon and cannot be easily recorded statistically with one
indicator; therefore, the need to compute these so-called composite indicators has arisen.
Studies dealing with composite indicators of Industry 4.0 usually carry out a cluster analysis.
The disadvantage of composite indicators in relation to Industry 4.0 may be the fact that there
are still no timelines, as new phenomena that have not been studied before are arising and
have not been statistically recorded, e.g. big data analysis, 3D printing and robotics.

In academic literature, we find a relatively large amount of composite indicators for the
measurement of Industry 4.0, and these composite indicators usually record so-called Industry
4.0 readiness or Industry 4.0 performance. Nick & Pongracz (2016) measured the relative
readiness of cities using an index called the Smart Collaboration Index. Kuruczleki et al.
(2016) determined the readiness of the European Union to embrace the fourth industrial
revolution by developing a readiness index containing eight indicators. Atik & Unlii (2019)
measured the relative performance of the countries in transition towards Industry 4.0 by using
level indicators such as big data, CCS and CPS. Based on an analysis of a study by Berger
(2015), one advantage of the use of a composite indicator can be defined, as this survey was
extensive and created its own indicator. We can also find a disadvantage in the fact that it was
a one-time study without a follow-up to additional studies and therefore progress in research
cannot be determined, i.e. replicating the research would be problematic.

As was mentioned above, the term Industry 4.0 is mainly linked to digitalization. And, in
connection with digitalization, new indicators have arisen, such as the Digital Transformation
Scoreboard, Digital Economy and Society Index (DESI), Networked Readiness Index, Index of
Digitalization’s Threat to the Labor Market, and so forth.

Copyright © 2020, PAVLINA HEJDUKOVA et al., pahejdu@kfu.zcu.cz 124



International Journal of Economic Sciences Vol. IX, No. 1 /2020

The Digital Transformation Scoreboard shows the integration of digital technologies. It is an
adoption of digital technologies in businesses across the EU. It screens national policies and
analyses a wide range of national data using a macro-perspective approach sourced from
Eurostat, national statistics offices and international organizations. For 2018, case studies in
this area focused on companies of the food and construction sectors (European Commission,
2018).

The Digital Economy and Society Index (DESI) is a composite index that summarizes relevant
indicators of Europe’s digital performance and tracks the evolution of EU Member States in
digital competitiveness. The International Digital Economy and Society Index (I-DESI) mirrors
and extends the EU28 Digital Economy and Society Index by utilizing 24 datasets to enable
trend analysis and comparison of the digital performance of 45 countries. As stated by the
European Commission (2019), this indicator includes 5 studied dimensions:

e Connectivity - this dimension measures the deployment of broadband infrastructure
and its quality. Access to fast and ultrafast broadband-enabled services is a necessary
condition for competitiveness.

e Human capital / Digital Skills — this dimension measures the skills needed to take
advantage of the possibilities offered by digital.

e Use of the Internet Services — this dimension accounts for a variety of online activities,
such as the consumption of online content (videos, music, games, etc.), video calls,
online shopping and banking.

e Integration of Digital Technology — this dimension measures the digitization of
businesses and e-commerce. By adopting digital technologies, businesses can
enhance efficiency, reduce costs and better engage customers and business partners.
Furthermore, the Internet as a sales outlet offers access to wider markets and potential
for growth.

¢ Digital Public Services — this dimension measures the digitization of public services,
focusing on eGovernment and eHealth. Modernization and digitization of public
services can lead to efficiency gains for the public administration, citizens and
businesses alike.

The Networked Readiness Index evaluates the application and use of information and
communication technologies (ICT). The redesigned NRI for 2019 is based on four pillars:
Technology, People, Governance and Impact (Portulans Institute, 2019).

Copyright © 2020, PAVLINA HEJDUKOVA et al., pahejdu@kfu.zcu.cz 125



International Journal of Economic Sciences Vol. IX, No. 1 /2020

Figure 2: The NRI 2019 model

Network
Readiness
Index (NRI)
[ Technology ] [ People J [ GovernanceJ [ Impact ]

e \ 4 ) 4 ™ e D
" J . J . J " J
e \ 4 ) 4 ™ e D
\ 4 J 4 \ J
e \ 4 ) 4 ™ e D
\ 4 J 4 \ J

Source: Portulans Institute (2019)
Note: SDG = Sustainable Development Goal.

Chmelar et al. (2015) present the Index of Digitalization’s Threat to the Labor Market in a
study. This index replicated the methodology of existing advanced studies on the Czech labor
market by creating a so-called ,index of digitalization’s threat to present professional
categories in a time frame of fifteen to twenty years. The index primarily stems from a study by
Frey & Osborne (2013) and, by utilizing an algorithm using the Gaussian process, it
redistributes index values and attributes probabilities to individual professions. While
calculating the overall number of new and now-defunct job positions, this study assumes an
isolated impact that does not include calculations of the indirect capital impacts of a
heightened operating surplus and its resulting positive impact on the degree of investments,
the need for investment income and thus the additional creation of jobs.

Methodology and data

Based on an analysis of scientific literature (i.e. desk research), we have created our own
composite indicator — the “Industry 4.0 relative performance index“. This index has been
computed using the methodology of the World Economic Forum, and the approach has also
been used by e.g. Atik & Unli (2019). Basically, secondary indicators are used to calculate
the new indicator, while the basic formula has the following form:

it i it

vy —min (v') (1)

max (vit)—min (vit)

componentt =

The letter | represents the selected variable, n represents the selected EU member state, and
t determines the selected year of analysis. Thus vl is the value of the selected statistical
indicator | for the given state n in time t. Min (v'%) represents the minimum statistical indicator
and the value in sample n and, analogically, max (v'!) represents the maximum value.
Contrary to Atik & Unlii (2019), the spectrum of selection of secondary indicators for the
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calculation of the Industry 4.0 relative performance index is wider; these aforementioned
authors have focused only on statistics concerning the integration of internal processes.
Selected indicators in this study attempt to encompass three progresses that are linked to
Industry 4.0 (see Almada-Lobo, 2015; Schlechtendahl et al., 2015). Indicators used for the
calculation of the Industry 4.0 relative performance index are presented in Table 3 and an
overview of values of input statistical indicators is presented in Table 4.

Table 3: Indicators used to calculate Industry 4.0 Index (% of total enterprises)

CODE | Variable name (i) Years
(a) Share of industry in the economy % GDP 2011 2017
Enterprises that have either introduced an innovation or have some kind of % of
(b) innovation (including enterprises with abandoned/suspended or on-going 09 2012 2016
. ; - enterprises
innovation activities)
(c) Percentage of the ICT sector in GDP % GDP 2011 2017
0
(d) Enterprises having received orders online (at least 1%) % O.f 2011 2019
enterprises
Enterprises that have ERP software packages to share information between % of
(e) . . - 2012 2019
different functional areas enterprises
- - - - - - .
® Enterprises using CRM to analyse information about clients for marketing % o_f 2010 2019
purposes enterprises
- ) % of
(9) 3D printing and robotics enterprises - 2018
. . % of
(h) Enterprises that employ ICT specialists enterprises 2012 2019
: . . . . . % of
(0] Internet use: interaction with public authorities (last 12 months) individuals 2011 2019
; . . % of
0] Big data analysis enterprises - 2018

Source: Eurostat and Worldbank database
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STATE coontey @ © (@) © (M) ©
Austria AT* 25.4 25.7 54.4 62.0 | 3.3 3.5 11.0 20.0 25.0 43.0 29.0 22.0 00 40
Belgium BE* 20.8 191 55.9 68.1 | 4.1 3.7 22.0 30.0 40.0 53.0 28.0 25.0 00 6.0
Bulgaria BG 25.6 23.8 27.4 27.2 4.6 5.7 3.0 7.0 11.0 23.0 10.0 11.0 0.0 2.0
Cyprus CY 12.8 12.2 42.1 36.5 3.3 4.4 7.0 13.0 17.0 33.0 16.0 19.0 0.0 1.0
Czech Republic cz 33.4 32.2 43.9 46.3 | 4.4 4.4 26.0 29.0 21.0 38.0 10.0 15.0 00 40
Germany DE* 27.1 27.5 66.9 63.7 4.0 4.2 20.0 18.0 29.0 29.0 23.0 20.0 0.0 5.0
Denmark DK* 20.3 21.2 51.1 51.5 4.6 4.6 23.0 34.0 29.0 50.0 18.0 23.0 0.0 6.0
Estonia EE 25.5 24.1 47.6 47.7 5.0 5.1 11.0 18.0 7.0 26.0 9.0 16.0 0.0 2.0
Greece EL* 13.7 15.3 52.3 57.7 | 21 1.9 6.0 9.0 36.0 38.0 18.0 16.0 00 20
Spain ES* 22.1 20.0 33.6 36.9 34 3.2 11.0 19.0 22.0 43.0 20.0 24.0 0.0 3.0
Finland FI* 25.0 24.5 52.6 64.8 4.3 54 17.0 23.0 28.0 43.0 27.0 26.0 0.0 7.0
France FR* 18.0 16.9 53.4 57.7 4.1 4.3 11.0 16.0 24.0 48.0 15.0 15.0 0.0 4.0
Croatia HR 22.3 20.4 37.9 48.0 | 4.1 4.4 18.0 22.0 15.0 26.0 11.0 10.0 0.0 3.0
Hungary HU 25.2 25.4 325 29.0 6.0 6.0 10.0 13.0 8.0 14.0 7.0 7.0 0.0 2.0
Ireland IE* 24.6 36.8 58.7 573 | 9.3 11.6 23.0 36.0 20.0 28.0 25.0 25.0 00 3.0
Italy IT* 21.7 21.4 56.1 53.8 | 34 3.3 4.0 10.0 22.0 35.0 15.0 15.0 00 40
Lithuania LT 28.0 25.5 329 50.5 2.4 3.0 21.0 24.0 11.0 48.0 12.0 24.0 0.0 4.0
Luxembourg LU* 11.2 11.8 66.1 63.8 | 6.3 5.4 15.0 9.0 21.0 41.0 19.0 18.0 00 40
Latvia Lv 21.1 195 30.4 303 | 3.3 4.7 9.0 11.0 8.0 32.0 11.0 12.0 00 1.0
Malta MT 16.8 121 51.1 339 | 9.0 8.7 16.0 23.0 18.0 32.0 20.0 25.0 00 6.0
Netherlands NL* 20.1 17.9 51.4 59.7 4.5 4.7 19.0 22.0 22.0 48.0 16.0 26.0 0.0 5.0
Poland PL 29.8 28.6 23.0 220 | 3.3 3.3 8.0 14.0 11.0 29.0 13.0 21.0 00 20
Portugal PT* 19.3 19.2 54.6 66.9 | 3.3 3.3 16.0 16.0 26.0 42.0 15.0 17.0 00 40
Romania RO 38.5 29.0 20.7 10.2 3.1 35 4.0 12.0 19.0 23.0 14.0 14.0 0.0 2.0
Sweden SE* 23.6 22.6 55.9 542 | 6.3 6.3 24.0 31.0 35.0 37.0 24.0 21.0 00 5.0
Slovenia Sl 26.8 28.4 46.5 39.8 | 35 3.7 11.0 18.0 21.0 33.0 11.0 10.0 00 40
Slovak Republic SK 31.1 30.1 34.0 30.7 4.5 4.3 13.0 12.0 17.0 31.0 25.0 15.0 0.0 3.0
United Kingdom UK* 18.7 175 50.3 58.7 | 5.4 6.0 15.0 25.0 6.0 24.0 13.0 17.0 00 6.0

Source: Eurostat and Worldbank database

(*) EU15 — member countries in the European Union prior to the accession of ten candidate countries on 1 May 2004. The EU15 ¢

Belgium,

Denmark,

Finland,

France,

Germany,

Greece,

Ireland,
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In the first step of the analysis, components of the Industry 4.0 relative performance index (i.e.
“secondary indicators”) were calculated. In the second stage, the simple average of the
secondary indicators was calculated, thus creating the Industry 4.0 relative performance index
for each country. Computation of our own indicator for the Industry 4.0 relative performance
index makes it possible to evaluate changes in the relative position of EU member states.
Academic literature lacks evaluations of the change of the relative position of individual EU
states over a longer period of time, and therefore the analysis was carried out for the years
2011 and 2019 (data from 2018 and 2017 was also used according to availability when
necessary).

The calculation of the Industry 4.0 relative performance index makes it possible to place EU
members states into clusters. Cluster analysis is a method for the evaluation of multi-
dimensional data while searching for groups whose members are as similar as possible while
being as different from other members of the group as possible. For the means of this study,
member states have been divided into 4 corridors that create clusters according to values of
the Industry 4.0 relative performance index and GDP per capita (relative performance); these
corridors are depicted in Figure 2. The combination of these two categories determines a
country‘'s relative position. The horizontal axis represents the traditional economic
performance measure — GDP per capita.

Figure 2. Overview of the division of EU states into the Industry 4.0 relative
performance index and GDP per Capita

GDP per capita <0.5 GDP per capita >0.5

Industry 4.0 relative Industry 4.0 relative
performance index > 0.5 performance index > 0.5

Industry 4.0 relative Industry 4.0 relative
performance index < 0.5 performance index < 0.5

GDP per capita <0.5 GDP per capita >0.5

Source: own research

Corridor | includes member states that have values of Industry 4.0 relative performance index
that are higher or equal to 0.5, but the value of GDP per capita is <0.5. Corridor Il includes
countries that have values of Industry 4.0 relative performance index that are over 0.5 and a
value of GDP per capita of 20.5. Corridor lll includes member states that have values of
Industry 4.0 relative performance index that are lower than 0.5 and have a value of GDP per
capita of 20.5. Corridor IV includes countries that have values of Industry 4.0 relative
performance index that are less than 0.5 and the value of GDP per capita is <0.5. We can
expect that EU15 states will likely be located in Corridor Il, as these are states with a relatively
high GDP per capita and a good basis for the development of Industry 4.0. New member
states are likely to be located in Corridor 1V; nonetheless, we can assume a shift to Corridor |
or, in the case of strong expansion, even to Corridor Il. Berger (2015) divides states into 4
categories: (i) potentialists, (ii) frontrunners, (iii) traditionalists and (iv) hesitators. The division
of these groups is relatively close to the division into corridors I-IV and the relative position of
these groups can be compared in time.
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Results

Table 5 shows the calculated values of the Industry 4.0 relative performance index (score) for
the 2011 and 2019. The table also shows the order of states in individual years and the
change in order between 2011 and 2019. According to Berger (2015), the frontrunners are:
Germany, Ireland, Switzerland, Austria, Finland and Sweden. These results partially
correspond to the results of the Industry 4.0 relative performance index. From the perspective
of the Industry 4.0 relative performance index, leaders include Ireland, Denmark and Finland.
In 2011, Sweden was in first place, but it did not hold this position and fell to 7th place.
Germany also decreased in ranking, as it was first at 6th place and in 2019 fell to 10th. So-
called “up-and-coming” countries include Lithuania, which moved up 11 places in the ranking
from 24th to 11th place. Lithuania is rapidly developing its position as a global digital
economy, which has been advanced by the growth in the proportion of innovative enterprises
(see indicator b). According to the study by Berger (2015), Lithuania together with the Czech
Republic, Slovak Republic, Hungary and Slovenia belong to the group of traditionalists, which
still thrive on their sound industrial base, but few have thus far launched initiatives to take
industry into the next era. Despite this fact, the Czech Republic did not unfortunately hold its
position in 2011 and fell from the 9th position to the 12th, and thus together with Lithuania is
one of the states that is shifting industry into the next area. The Czech Republic has relatively
low values in several Industry 4.0 key indicators, such as: enterprises using CRM to analyse
information about clients for marketing purposes and big data analysis; on the contrary, the
Czech Republic has a relatively good standing in terms of the size of its share of industry in
the economy and enterprises having received orders online.

Table 5: Industry 4.0 relative performance index

STATE Code country Score Rank Score Rank ggf‘;gg F;grl]li
2011 2019
Austria AT* 0.48 7 0.53 11 -4
Belgium BE* 0.55 3 0.73 4 -1
Bulgaria BG 0.18 28 0.25 27 1
Cyprus cY 0.25 24 0.31 25 -1
Czech Republic cz 0.45 9 0.51 12 -3
Germany DE* 0.51 6 0.54 10 -4
Denmark DK* 0.51 5 0.73 3 2
Estonia EE 0.30 19 0.42 17 2
Greece EL* 0.36 14 0.38 20 -6
Spain ES* 0.33 18 0.45 16 2
Finland FI* 0.54 4 0.75 2 2
France FR* 0.35 15 0.51 13 2
Croatia HR 0.28 22 0.35 22 0
Hungary HU 0.29 21 0.30 26 -5
Ireland IE* 0.58 2 0.79 1 1
Italy I 0.27 23 0.34 23 0
Lithuania LT 0.30 20 0.55 9 11
Luxembourg LU* 0.47 8 0.50 14 -6
Latvia LV 0.23 25 0.31 24 1
Malta MT 0.44 10 0.62 6 4
Netherlands NL* 0.44 11 0.69 5 6
Poland PL 0.21 26 0.37 21 5
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STATE Code country Score Rank Score Rank ggfggg Rz,ggli
2011 2019

Portugal PT* 0.39 13 0.48 15 -2

Romania RO 0.19 27 0.21 28 -1

Sweden SE* 0.58 1 0.60 7 -6

Slovenia Sl 0.34 17 0.40 18 -1
Slovak Republic SK 0.42 12 0.39 19 -7
United Kingdom UK* 0.35 16 0.57 8 8

Source: Eurostat and Worldbank database, own calculation
For a better depiction of the relative position of member states, graphs have been created and
are shown in Figure 3.

Figure 3: Cluster Division
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Source: Eurostat and Worldbank database, own calculation

Note: In regard to the extreme GDP per capita value, the observation of Luxemburg was left out of the cluster
analysis.

It is evident that in 2011 member states were located in Corridors 1I-1V and, as expected, a
large portion of EU 15 member states was located in Corridor II. In 2019, the situation
changed, as Corridor 11l was left empty and some states regrouped, specifically to Corridor 1.
This change is primarily due to the strengthening position of Ireland as a leader among EU
member states and heightening displays of Industry 4.0 such as big data analyses and 3D
print. Both graphs show a positive linear dependency between the Industry 4.0 relative
performance index and overall economic performance. For member states that are located in
Corridor IV and according to Berger (2015) can be labeled hesitators, Industry 4.0 has a
strong but probably still unused potential for heightening their economic performance. This
unused potential could be a signal for targeting support for the Industry 4.0 field, thus
strengthening the EU economy as a whole in the future.
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Conclusion

The concept of Industry 4.0 is a highly topical issue, primarily in the context of digitalization
and the use of ICT. From an EU perspective, it is necessary to follow and report on how EU
countries stand in implementing and using new technologies, the digitalization of enterprise
processes, and processes on the level of public administrations, and also to follow and
evaluate the possible impacts of the concept of Industry 4.0. It is evident that the studied
concept will bring with it many positive factors, but will also have negative impacts primarily on
the labor market and selected jobs.

Individual countries must accept and support the application of new trends both on the
national and enterprise level and evaluate both economic and social impacts in time.

With respect to the significance of the given topic, the authors have focused on the evaluation
or measurement of Industry 4.0 performance. The fact that the used indicators were very
limited, simplified, or — in the case of composite indicators — lacking evaluations over a longer
time period or links to other research carried out in this area was crucial for the application
section of this paper. The authors thus decided to establish the following goal for the paper:
create their own composite indicator based on findings of existing indicators for the
measurement of Industry 4.0 and carry out a cluster analysis for EU countries.

There is a relatively large amount of academic studies in the area of the measurement of
Industry 4.0 that focus on the composite indicators that attempt to capture this phenomenon
statistically. At the moment, however, there are no available timelines of these composite
indicators. In the empirical section, we have created our own indicator — the “Industry 4.0
relative performance index”. This Index was computed using the methodology of the World
Economic Forum. Computation of our own composite indicator has made it possible to record
the development of Industry 4.0 performance in time and thus evaluate the relative positions
of member states. Cluster analysis was carried out for the years 2011 and 2019, and data was
extracted from Eurostat and Worldbank statistics. The relative positions of EU countries were
established, categorization into clusters was carried out, and development over time was
recorded. The relative position of individual states between 2011 and 2019 changed; in
Ireland’s case, its leading position was solidified while, on the contrary, Sweden and Germany
moved farther down the ladder. The Czech Republic and Lithuania were evaluated as so-
called “traditionalists” (Berger 2015) and it is evident in 2019 that they are closer to states
labeled as “frontrunners”. For member states that are located in Corridor IV and can be
labeled hesitators, Industry 4.0 has a strong but probably still unused potential for heightening
their economic performance.

This completed research may naturally contain certain discrepancies that stem from the
nature of composite indicators and results may thus be influenced by the selection of
components. Components were selected based on the authors’ experience in order to provide
the best statistical measurement of the studied phenomenon. However, it is clear that the
statistical reporting of the Industry 4.0 phenomenon and phenomena related to it is a highly
complex issue that deserves deeper research. This includes the context of timelines and the
use of more advanced methods of cluster analysis.

Results of this completed research may serve as guidance for future targeting of cohesive EU
policy in the field of Industry 4.0 support, which in the future may contribute to strengthening
the position of the EU’s economy as a whole.
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