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Abstract

Motivation: The concept of Industry 4.0 is widely recognised, since technological development is an inseparable

factor of the modern organisations functioning. Due to this, the interest in the subject of the 4

M industrial revolution has

grown in recent years, However, far too little attention has been paid to the measurement of readiness and implementa-

tion of key attributes in Czechia, Hungary, Poland and Slovakia.

Aim: The major objective of this study

as to investigate the adaptation to Industry 4.0 in the Visegrad Group. Conse-

quently; in the theoretical part both a historical context and a description of the main components of Industry 4.0 was

introduced, which was the basis for the evaluation of the V4 transition toward Industry 4.0 in the empirical section.

Materials and methods: Both quantitative (basic statistical analysis) and qualitative (critical analysis of the subject

literature) methods were used in this investigation. The research data was drawn mainly from institutional reports

and Eurostat database.

Results: The investigation indicated that the transition towards Industry 4.0 in V4 countries is less advanced than

in other European regions and need particular attention. Despite the relatively good results achieved in the field of robo-

tisation, especm“y in the lbreign@wned automotive industry, in geneml the Group lags behind the majority of Western

and Baltic countries in terms of already adapted technologies, innovations and digital skills.

Keywords: Visegrdd Group; V4; Industry 4.0; 4" industrial revolution; digitalisation

JEL: L50; O14; 033

L. Introduction

Along with the social, economic and tech-
nological development, all the surrounding
processes are becoming more and more inter-
dependent which increases their complexity.
Thus, a lot of emphasis is put on optimisation
of the undertaken projects. Nowadays, sta-
ble and sustainable development depends
on the ability to adapt to changing conditions,
to take advantage of the opportunities that
arise, as well as to react quickly to emerging

crises, such as these caused by unprecedented
events like Covid-19 pandemic. The indicated
elements of efficient functioning in the dy-
namic environment are reflected in the rapidly
spreading, global phenomenon — Indus-
try 4.0. Changes resulting from Industry 4.0
sooner or later impact both all fields of econ-
omy and the citizens daily life. Countries that
follow the trends set by the ever-evolving con-
cept of Industry 4.0 will not only remain com-
petitive but also attract workforce, the lack
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of which has already become a significant
problem for many regions.

Although some research has been carried
out on the features, challenges and implemen-
tation of Industry 4.0, there have been few em-
pirical investigations into the characteristics
of transition to Industry 4.0 in the Visegrdd
Group. Therefore, the objective of this re-
search was to determine whether and to what
extent the Visegrad countries have adapted
to key aspects of the examined phenomenon.
Due to limitations of space, this paper cannot
provide a comprehensive review of all attrib-
utes related to Industry 4.0.

The overall structure of the study takes
the form of five sections, including this intro-
ductory section. Section 2 of the article deals
with the theoretical descriptive of the past
industrial revolutions, as well as the defini-
tions and characteristics of the main features
of the Industry 4.0. Section 3 is concerned with
the materials and methods used for this study.
Section 4 presents the findings of the research,
focusing on the themes that were mentioned
in the theoretical part. Finally, Section 5 gives
a brief summary.

2. Literature review

Industries have been expanded greatly in order
to meet society’s demands regarding the im-
provement of the quality of life (Olanders &
Rosenvinge, 2018). Despite many differences
in the pace of processes that have been tak-
ing place, resulting from the stage of matu-
rity of the economy, its innovation’s culture
and investment opportunity, the perceptible
trend of changes is clear (glusarczyl(, 2018, pp.
232-248).

It is generally assumed that enterprises
have sought to improve performance by
adapting advanced production methods,
mainly connected with operation practices
and sophisticated manufacturing technol-
ogies (Pehrsson, 2020). Noticeable techno-
logical breakthroughs have been manifested
in the so-called industrial revolutions that
have triggered significant transitions in the or-
ganization and structure of production (Slu-

sarczyk, 2018, pp. 232-248). Until now four
industrial revolution have been distinguished,
including the recent one — the fourth in-
dustrial revolution, commonly known as In-
dustry 4.0 (Lazanyi & Lambovska, 2020, pp.
100-113), marked by blurring the boundaries
between people’ and machines’ work (Slu-
sarczyk, 2018, pp. 232-248).

2.1. Past industrial revolutions

The historical advance of manufacturing
system technology concentrates on three
complementary measurements, such as pro-
ductivity, quality and cost (Chen, 2017, pp.
588-595). Nevertheless, the first two indus-
trial revolutions focused rather on boosting
productivity at the expense of the remaining
aspects (Nhamo et al,, 2020, pp. 315-337).
Although the term — industrial revolu-
tion — first appeared in France in the 1920s
with regard to mechanisation of the cotton
industry (Lazanyi & Lambovska, 2020, pp.
100-113), the first industrial revolution is
said to have begun in the United Kingdom. It
started in the second half of the 18" century
and lasted till the mid 19 (Olanders & Rosen-
vinge, 2018). In that period of time a few vi-
tal inventions occurred in order to increase
people’s physical potential through machines’
support in their manual labor. The main in-
vention of the steam engine implemented by
James Watt was the key factor that enabled
the production of the first machines pow-
ered by steam. Due to this fact, the charac-
terised period is considered as the launching
of the machines and transportation industry
(Lazanyi & Lambovska, 2020, pp. 100-113).
Furthermore, analysed age involved the be-
ginning of industrialisation, which manifested
itself in adaptation of new technologies
in the production processes (Brezis & Tsid-
don, 1998, pp. 261-277). Indeed, the factory
itself is stated as the major novelty (Kapds,
2008, pp. 15-33). The cottage industry was re-
placed with the production based on mechan-
ical tools (Qusarczyk, 2018, pp. 232-248),
in which steam and water became the main
driving forces and coal was the main fuel
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(Lazanyi & Lambovska, 2020, pp. 100-113).
The share of industry in the added value in-
creased, as the population migrated from
agriculture to industrialized areas. Despite
tough living conditions in overcrowded cit-
ies, the standard of living improved with
time. Moreover, this period is connected with
the foundations of large enterprises (Beau-
doin, 2000, pp. 7-13), as the small workshops
and shops were replaced by bigger plants
and department stores.

The prominent developments again came
up in the second half of the 19* century which
accounted for the second industrial revolution
(Agarwal & Agarwal, 2017, pp. 1062-1066).
In view of the role of applied science which led
to efficiency and productivity increase, this pe-
riod is known also as the scientific revolution
(Amiti, 2001, pp. 149-172). The era was revo-
lutionary due to the introduction of technolo-
gies associated mainly with production, just as
in the previous period (Lazanyi & Lambovska,
2020, pp. 100-113). Steam was replaced with
electricity (thanks to the invention of the light
bulb by Thomas Edison), oil and the internal
combustion engine that from now on became
the new sources of energy. The two main
products of the time were steel (invented by
Henry Bessemer) and chemicals. In the first
phase industries related with metallurgy,
heavy engineering, chemistry, ship-building,
food canning, power generation and arma-
ments emerged, while the dominant sectors
in the second half of the analyzed revolution
were the automotive industry and refineries
(Kapas, 2008, pp. 15-33). 1870 was a crucial
year in terms of installing first assembly lines
and pursuing labor diversification, which
both contributed to significant development
of mass production (Lazanyi & Lambovska,
2020, pp. 100-113). The term mass produc-
tion stands for exploiting economies of scale
through new technology usage that leads
to both productivity increase and decrease
in production costs (Amiti, 2001, pp. 149-
172). The development had a positive impact
on the mobility of workforce. The first serial
production was introduced by Ford Motor
Company. The American carmaker is also

famous for the T-model — second industrial
revolutions symbol (Lazanyi & Lambovska,
2020, pp. 100-113).

The presence of electricity gave rise
to the inventions primarily based on elec-
tronic devices (Nasution, 2020). The third
industrial revolution is dated to the middle
of the 20% century. It is also commonly char-
acterised as information technology, digital
or computer-based revolution. In this period
there were three stages which can be distin-
guished. The first phase referred to the intro-
duction of the transistor and the computer,
this stage was followed by biological engineer-
ing and microelectronics advancement, while
the last phase was marked by popularisation
of the Internet (Lazanyi & Lambovska, 2020,
pp. 100-113). Advances in the field of elec-
tronics and computing enabled automatiza-
tion and optimization of production processes
(Slusarczyk, 2018, pp. 232-248). Informa-
tion and communication technology were
the driving forces of that time. Knowledge
became the key factor of economic and so-
cial life. As a consequence, the society trans-
formed into the so-called information society
(Lazanyi & Lambovska, 2020, pp. 100-113).
New technologies based on information im-
plicated plenty of changes in physical and so-
cial technologies. The most important change
in the scope of social issues was the exten-
sion as well as globalisation of markets. De-
crease in the cost of obtaining information
and limitation of the trade barriers broadened
competition. Additionally, new institutions
in financial markets came up (Kapds, 2008, pp.
15-33). The number of expanded disciplines
and innovative technologies that emerged
in the third industry revolution were by far
greater than in the previous ones, since it was
the period of pushing the limits of not only
science but also cognitive abilities (Lazanyi &
Lambovska, 2020, pp. 100-113).

industrial revolution

2.2. The 4

The term Industry 4.0 was first introduced
in 2011 in German in relation to the new idea
of German economic policy (Atik & Unli,
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2019, pp. 852-860). It occurred at the Han-
over Trade Fair as the name of the new, com-
mon concept proposed by the representatives
of the business, policy and science communi-
ties standing for strengthening the competi-
tiveness of the industry (Rao & Prasad, 2018,
pp. 145-159). The number 4.0 was to indicate
the beginning of the fourth industrial revo-
lution. In contrast to past revolutions, the 4™
revolution was announced before it actually
took place. There have been some critical
opinions around the newly stated revolution,
since the technology used in it has already ex-
isted during the previous one. Nevertheless,
the concept of the fourth industrial revolu-
tion — Industry 4.0 — has spread dynamically
and become a common phenomenon (Laza-
nyi & Lambovska, 2020, pp. 100-113). Similar
ideas have appeared among different coun-
tries under the name of e.g. Smart Industry
or Integrated Industry (Slusarczyk, 2018, pp.
232-248).

Fourth industrial revolution is happening
globally and simultaneously. A lot of coun-
tries have adopted this idea through national
policy initiatives such as Industry Connected
4.0 in the USA, Manufacturing Innovation
3.0 in South Korea, Made In China 2025 &
Internet Plus in China (Kiel et al, 2017, pp.
1-34), Industrie 4.0 in Germany, High Value
Manufacturing Catapult in Great Britain,
Produktion 2030 in Sweden, Alliance indus-
trie du futur in France, Piano Industria 4.0
in Italy, Made Different in Belgium, Industria
Conectada 4.0 in Spain, Plattform Industrie
4.0 in Austria (European Commission, 2018).
Among Visegrdd Group countries introduced
policies are as follows: IPAR 4.0 National
Technology Platform in Hungary, Initiative
for Polish Industry 4.0 — The future Indus-
try Platform in Poland, Pramysl 4.0 (Industry
4.0) in Czech Republic and Smart Industry
in Slovakia. However, nearly half of the Euro-
pean’s initiatives have been implemented since
2016 or later (European Commission, 2018).

%)

[}

2.3. Key features of Industry 4.0

A lot of authors and institutions have at-
tempted to define the term “Industry 4.0” Lasi
et al. (2014, pp. 239-242) claim that “Indus-
try 4.0 describes the increasing digitisation
and automation of the manufacturing envi-
ronment, as well as the creation of digital value
chains to enable communication between
products, their environment and business
partners” According to Lu (2017, pp. 1-10)
“Industry 4.0 can be summarised as an inte-
grated, adapted, optimised, service-oriented,
and interoperable manufacturing process
which correlates with algorithms, big data,
and high technologies” Kamble et at. (2018,
pp. 107-119) define the Industry as “a range
of technologies that enable the development
and growth of value chains leading to reduced
manufacturing times, and improved prod-
uct quality and organisational performance’
Though the name of the present revolution
contains the word “industry’ it also results
in vast changes in remaining areas beyond
the industrial sector. In fact, it affects the man-
ufacturing, products, services, business model,
work environment, skill development, mar-
ket and the economy as a whole (Pereira &
Romero, 2017, pp. 1206-1214). Industry
4.0 provides a new approach “by fully link-
ing the physical work with the digital world,
automated processes and allowing machines
to work independent of human touch” (Eu-
ropean Commission, 2020c¢). It indicates that
Industry 4.0 is the revolution of trust — trust
toward the decision of non-human entities
(Lazanyi & Lambovska, 2020, pp. 100-113).
Industry 4.0 is based on various techno-
logical components, such as the cyber physical
system (CPS), the Internet of Things (IoT),
big data analytics, cloud computing, robot-
ics, cybersecurity, artificial intelligence (AI)
and other digital solutions applied among en-
terprises like customer relationship manage-
ment (CRM), enterprise resource planning
(ERP) or usage of e-commerce or social media.
These technologies facilitate an improvement
in adjustment of products to the differ-
ent recipients’ requirements. Additionally,
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the connection between devices, machines
and components of the supply chain, linked
together with shared information is to guar-
antee rapid modifications in production pro-
cesses (Slusarczyk, 2018, pp. 232-248).
Mentioned elements of Industry 4.0 often
interpermeate and the net result is a combi-
nation of their collective use. CPS is a link
of networking, computation and physical pro-
cesses, where both computers and processes
taking place monitor and control each other
providing appropriate feedback (Lazanyi &
Lambovska, 2020, pp. 100-113). The IoT is
a network, which enables communication
between devices and objects through wireless
Internet infrastructure (Bajic et al,, 2021, pp.
546-559). Big data analytics represents a prac-
tice based on massive volumes of data that can
not be processed with the use of traditional
methods (Lazanyi & Lambovska, 2020, pp.
100-113). This data is sourced from many
devices and processed thanks to advanced an-
alytical techniques such as data mining, that
results in real-time decision making (Bajic et
al,, 2021, pp. 546-559). Cloud computing sig-
nifies storing and accessing data from the In-
ternet without the need to use the computer’s
hard drive. Services like that have become an
effective architecture to deliver large scale
tasks (Atik & Unli, 2019, pp- 852-860). Ro-
botics can be characterised as a system using
industrial robots or robotic devices that work
autonomously in order to function precisely
in a cooperative and flexible way (Kamble et
at., 2018a, pp. 408—425; Moktadir et at., 2018,
pp. 730-741). In the wake of development
of new, interconnected, smart solutions within
machine resources that become smarter due
to uninterruptible access to data, entire plants
are also becoming smarter, which means more
productive and less wasteful. The phenom-
enon of Smart Factory is said to be the pure
power of Industry 4.0 (Siekelova & Podhorska,
2019). The basic systems to run action in to-
day’s smart factories are ERP as well as CRM.
ERP may be defined as a general software
which enables realising business activities like
manufacturing, finance and logistic. Hence
ERP is assumed to be a foundation of Industry

4.0 (Haddara & Elregal, 2015, pp. 721-728).
CRM is a strategy of communication with
customers. It focuses on collecting and man-
aging information about customers which
ought to result in better and longer relation-
ships between company and clients. The new
communication channel consisting of proper
CRM applications linked with social media
fulfills buyers needs and increases satisfactions
(Dukié et al., 2017).

However, Industry 4.0 is not only a tech-
nological advancement but also human re-
source development that implies developing
essential skills and knowledge (Schallock et
al,, 2018, pp. 27-32). Technological advance-
ment of the 4™ revolution requires a quali-
fied and specialised workforce (Benesova &
Tupa, 2017, pp. 2195-2202). The availability
of appropriate capabilities among the coun-
try’s current and future workforce greatly in-
fluences the successful transition to Industry
4.0 at the both micro and macro level. Addi-
tionally, it will be a key factor for innovation
and competitiveness increase in organisations
(BeneSovd & Tupa, 2017, pp. 2195-2202;
Mavrikios et al, 2018, pp. 1-6). Technical
and practical skills including technological,
programming and digital ones will be essential
in Industry 4.0 development (Maisiri et at.,
2019, pp. 90-105). It is stated that ICT skills
should be coupled with soft and collaborative
capabilities such as creativity, proactive think-
ing, emotional intelligence and teamwork, as
smart machines cannot apply neither com-
mon-sense reasoning nor empathy (Guszcza
et at,, 2017; Wilson & Daugherty, 2018). All
things considered, in the era of the newest in-
dustrial revolution filled with sudden and im-
pactful advances, life-long learning skills seem
to be inevitable (Prifti et at., 2017).

3. Materials and methods

The major objective of the conducted research
was to investigate readiness and adoption
of Industry 4.0 in the Visegrad countries.
Empirical analysis involved comparison of se-
lected characteristic features — in the mem-
ber countries — connected with the fourth
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industrial revolution which were presented
in the Section 2 of this article.

A combination of quantitative and quali-
tative approaches was used in the comparative
data analysis. Basic statistical analysis as well
as critical analysis of the subject literature
were used in the research. Data for this study
were collected using both institutional reports
and Internet databases. Main sources used
in the assessment of the transition to Industry
4.0 are European Commission reports as well
as Eurostat database.

4. Results

The Visegrad Group is notably impacted by
the newest industrial revolution (European
Commission, 2020c). Latest research shows
that the percentage of jobs likely to be au-
tomated in the Groups member countries
is higher than the European Union average
(McKinsey & Company, 2018). This is due
to the fact that V4 economies strongly rely
on the manufacturing sector, which is based
on schematic and routine physical work.

Compared to the EU average — 14.21%,
the share of manufacturing to GDP is signif-
icantly higher in the Visegrad Group, which
is demonstrated on Chart 1. In recent years
Czechia has had the second highest share
in the EU, after Ireland. This sector was in par-
ticular sensitive to the economic downturn
in 2009 in Slovakia, Hungary and Czechia.
This indicates the deep level of integration
into the global value chains, as well as strong
foreign investment dependency (European
Commission, 2020c).

All member countries have large shares
of FDI. Since the 2000s the share of FDI
to GDP in manufacturing has fluctuated
around 30% in V4. The automotive industry
which has a prominent contribution to val-
ue-added and employment in V4 is almost
fully foreign-owned. Since 2004 annual car
production in the Group has increased from
14 to 3.5 million. Nowadays this industry
in V4 employs around 1.5 million people
and 20% of all cars produced in the EU come
from the V4. As far as the size of economy is

concerned, the automotive industry is much
more important in the Visegrad Group than
in the whole EU, so any disruptions in this sec-
tor have an incomparable impact on the econ-
omies of these countries (although to a less
extend in Poland) (Polish Economic Institute,
2019).

Even though the EU global share of in-
dustrial robots has been shrinking since 2010
(mainly due to the increase of robotisation pro-
cesses in China, South Korea and the ASEAN
countries), robotisation in manufacturing has
been steadily increasing in the V4 region since
2000. In comparison, the number of installed
robots in other EU countries like Spain, Italy
or France has been stagnating. Since 2010
Visegrad Group has at least tripled its robotic
resources. Within V4, the growth is especially
driven by Czechia (40% of all industrial ro-
bots in the Group), followed by Poland (25%).
Hungary and Slovakia contribute equally
to the total score (European Commission,
2020c; International Federation of Robotics,
2017).

However, around 60% of all industrial
robots used in Visegrad Group are installed
in car manufacturing. Slovakia is on the lead-
ing edge, where the share of robots connected
to car manufacturing exceeds 80%, in Czechia
60%, in Poland and Hungary the share reaches
50%. A significant share of robots used
in the manufacturing of plastic and metal
products is noted in Hungary and Poland
(around 25%). The third manufacturing sector
in terms of the share of installed robots is met-
alworking. Generally the distribution of ro-
bots among different sectors observed in V4 is
quite similar to that recorded in Germany, but
it differs from the mixes in Asian countries
(South Korea, Japan, China), where the elec-
trical and electronic sectors form an essen-
tial part of the country’s economy. Relatively
the highest share of robots in mentioned areas
was in Hungary (6%). Alas, in V4 the use of ro-
bots in R&D and education is low — in 2016
there were 200 industrial robots whereas 1734
in Germany (European Commission, 2020c;
International Federation of Robotics, 2017).
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In spite of visible increase in nominal
numbers of installed robots, robot density
in manufacturing lags behind other EU coun-
tries. In V4 there have been 65 industrial ro-
bots per 100000 employees in manufacturing,
while in German 224, Spain 163, and France
101. This is mostly because of the significantly
lower density in Poland (34), whereas Slovakia
has the highest score among V4 — 137 (Euro-
pean Commission, 2020c; International Fed-
eration of Robotics, 2017).

A large share of jobs in the Visegrad
Group is estimated to be automated mostly
due to the large share of manufacturing
in the
ers (2019) states that in Slovakia, Hungary
and Czechia there is a similar share of jobs at
potential high risk of automation (40 to 45%),
and in Poland a bit lower (35%). These pre-
dictions of technological changes which fa-

economy. PricewaterhouseCoop-

vour services (administrative, ICT services)
over manufacturing in the labor market do
not mix with the current education system
and current employment. For example, ac-
cording to the latest Eurostat (2021c) data
in Slovakia no more than 3.3% of all graduates
were ICT graduates (in Poland 3.5%, in Hun-
gary 4.3% and in Czechia 4.5%). Thus, in 2018
nearly 80% of Czech enterprises and 60%
of Slovak and Hungarian firms reported dif-
ficulties in recruitment when looking for spe-
cialists in this field (European Commission,
2020c). Moreover, there is a large gender gap
in the ICT profession. In V4 only around 10%
of all employed ICT specialists are women
(according to Eurostat (2021e) 14% in Poland,
13.1 in Slovakia, 9.7% in Czechia and 8.6%
in Hungary). Furthermore, digital skills among
society as a whole need improvement. All V4
countries in 2019 performed below the EU
level with regard to more advanced digital
skills. Compared to the EU average (31%),
in Slovakia 27% of people had above basic
overall digital skills, in Czechia 26%, in Hun-
gary 25%, and the lowest percentage was noted
in Poland — 21%. In terms of low digital skills
the worst situation was reported in Poland
again where 35% of society had low overall

digital skills whereas the EU average was 29%
(based on Eurostat (2021g)).

The usage of new technologies among
domestic enterprises in V4 varies (Chart 2).
The most popular technology adopted in V4
firms is social media (the highest score is noted
in Czechia — 47%, the lowest in Poland —
37%). However, the Group has been still lag-
ging behind the EU average (50%). In case
of the less current technology — big data an-
alytics — only about 7% of firms use it, while
the EU level is 13%. As far as other technol-
ogies are concerned, Czechia stands out from
the rest V4 countries with the adoption of both
e-commerce and ERP, which at the same time
exceeds the EU average. On the other hand
Hungary significantly lags behind regarding
the use of ERP and CRM.
to
Scoreboard (European Commission, 2020b)

According European Innovation
the Visegrad Group should work on domes-
tic research and innovation increase. All V4
countries belong to the third out of four per-
formance groups — Moderate Innovators (af-
ter Innovation Leaders e.g. Denmark, Finland,
Netherlands, Sweden and Strong Innovators
e.g. Austria, Belgium, Estonia, France, Ger-
many and Portugal). Although Czechia ranks
in the middle of the ranking, Poland, Hungary
and Slovakia are at the bottom of the list near
the worst performance group — Modest In-
novators — that includes Bulgaria and Roma-
nia. Furthermore, gross domestic expenditure
on R&D remains low in V4. In Czechia it is
1.93% of GDP, Hungary 1.53%, Poland 1.21%,
Slovakia 0.84%.

The V4 countries also lagbehind in the Eu-
ropean synthetic indicator of overall digital
performance — Digital Economy and Soci-
ety Index DESI (Chart 3), which is made up
of 5 dimensions (connectivity, human capital,
use of internet, integration of digital technol-
ogy and digital public services). In the 2020
ranking that covers 28 countries (including
the United Kingdom) the four countries are
ranked as follows: 17" Czechia, 21* Hungary,
22" Slovakia and 23" Poland. In comparison,
the Baltic countries are generally much higher
in the 2020 ranking — Estonia 7%, Lithuania
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14", Latvia 18" and this region is distinguished
by highly developed digital public services.
While in V4 slightly over 50% of the popu-
lation uses e-government, in Baltic countries
the percentage fluctuates around 85%. Com-
pared to the 2015 scores, the only country
in V4 which improved its result was Hungary
(one position change), while Czechia and Po-
land maintained the same level and Slovakia
dropped two positions. The Visegrad Group
continues to remain below the EU average
in a holistic approach. According to the 2020
Index only Czechia features above the EU av-
erage in terms of integration of digital technol-
ogy dimension, and as far as the connectivity
dimension is concerned only Hungary in V4
significantly exceeds the EU level. The high
Czech score in the 4" dimension results from
the fact that this country ranks third in the EU
when it comes to the percentage of enter-
prises selling online cross-border, and ranks
second in the case of SMEs total turnover
from e-commerce. Analysing the relatively
high score in the 1% dimension in Hun-
gary it should be mentioned this country
ranks fourth in the aspect of percentage
of households subscribing to fixed broadband
of at least 100 Mbps, and ranks third when it
comes to the percentage of spectrum assigned
and ready for 5G within the so-called 5G pi-
oneer bands (European Commission, 2020a).
The global digital competitiveness var-
ies among the Visegrdd Group. According
to the 2020 ranking of World Digital Com-
petitiveness which covers 64 countries, the V4
ranks as follows: Poland 32", Czechia 35%,
Hungary 47" and Slovakia 50®. In comparison
with the 2015 scores the progress was noted
only in Poland while the remaining V4 coun-
tries were downgraded. The strengths of each
region differ — Poland and Slovakia excel
in technological framework and scientific con-
centration, Czechia stands out with business
agility and talent, Hungary dominates only
with advantageous technological framework.
On the negative side, Poland suffers from aver-
age regulatory framework, Czechia’s weak side
is training and education, Hungary lags behind
in adaptive attitudes and business agility, Slo-

I
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vakia suffers from poor regulatory framework
and business agility (IMD World Competi-
tiveness Center, 2020).

The most significant developments re-
lated to Industry 4.0 take place in capital cities,
mainly due to the essential resources and ag-
glomeration effects. These initiatives could be
scaled-up on neighbouring areas in order to ef-
fectively use the already developed know-how.
For example, Prague is commonly known for
cybersecurity and Bitcoin solutions, Warsaw
excels in marketing and Budapest is famous
for scaleups. Bratislava due to close proxim-
ity to Vienna does not use its full potential,
since highly skilled employees emigrate from
the capital of Slovakia. However, develop-
ments take place in other cities too. Poznan
strongly develops IT industries and business
services, Krakow’s enterprises concentrate
on beacon solutions and IoT and Brno is fa-
mous for technologies like microscopy, na-
notechnology or biotechnology (European
Commission, 2020c).

There seems to be quite a large divergence
among V4 societies regarding the impact
of digitisation and automation on daily life.
The 2017 Special Eurobarometer 460 (Euro-
pean Commission, 2017) shows the vast ma-
jority of the population in the Group thinks
that recent digital technologies have a positive
impact both on the economy (the highest per-
centage was noted in Poland — 88%, the low-
est in Hungary 75%) and on their quality of life
(the highest score again in Poland — 79%,
the lowest in Czechia 66%). However, only
Polish society (73%) ranked above EU average
(71%) in terms of considering itself to be suf-
ficiently skilled in the use of digital technology
in daily life (among all EU countries the small-
est percentage of people who felt skilled was
in Hungary — 52%). Additionally, more than
half of Hungarian and Slovakian considered
themselves unskilled to use online public ser-
vices, such as filing a tax declaration or ap-
plying for visa online, whereas 68% of Poles
agreed to have the mentioned skills. Hungari-
ans are also the most sceptical towards the use
of robots and artificial intelligence among V4,
where only 53% of respondents had a positive
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view while in Poland 69%, in Czechia 64%,
in Slovakia 63%. There is a positive correlation
between the awareness of artificial intelligence
and attitude towards robots and artificial in-
telligence (Chart 4). Hungarian were the most
reluctant to these technologies but they were
also the least likely to have heard, read or seen
anything about Al in V4.

5. Conclusion

The main goal of the current study was
to reflect on the preparedness of the Visegrad
Group to the changes linked to the 4" indus-
trial revolution. The investigation has shown
that the transition towards Industry 4.0 in V4
countries is less advanced than in other Euro-
pean regions and need particular attention.

Despite the relatively good results
achieved in the field of robotisation, especially
in the foreign-owned automotive industry,
in general the Group lags behind the major-
ity of Western and Baltic countries in terms
of already adapted technologies, innovations
and digital skills. The findings of this study sug-
gest that the Czech Republic stands out from
other V4 countries in many of the mentioned
areas, although Poles seem to be the most open
to changes and new technologies.

However, it is generally assumed that
Covid-19 pandemic and the subsequent re-
covery will increase the pressure for further
development of digital solutions. Consistent
research and implementation of new technol-
ogies at the level of both private companies
and state institutions are crucial to boost com-
petitiveness in international markets. Also,
unfavourable demographic position combined
with the predictions of work automation
should provide an incentive to make effective
adjustments in the V4. The Visegrad Group
should focus on the education and training
system which will enable the present and fu-
ture workforce to obtain the relevant and ap-
propriate skills and knowledge.

Taking into account the fact that Industry
4.0 is constantly evolving and its solutions are

tested in more and more new areas of the econ-
omy, further investigation in the field of inte-
gration of new technologies in V4 and in other
European countries would be worthwhile.

References

Agarwal, H,, & Agarwal, R. (2017). First industrial
revolution and second industrial revolution:
technological differences and the differences
in banking and financing of the firms. Saudi
Journal of Humanities and Social Sciences,
2(11), 1062-1066. https://doi.org/10.21276/

sjhss.2017.2.11.7.
Amiti, M. (2001). Regional specialization
and  technological leapfrogging.  Journal

of Regional Science, 41(1), 149-172. https://doi.
org/10.1111/0022-4146.00211.

Atik, H, & Unli, F. (2019). The measurement
of industry 4.0 performance through Indus-
try 4.0 Index: an empirical investigation for
Turkey and European Countries. Procedia
Computer Science, 158, 852-869. https://doi.
org/10.1016/j.procs.2019.09.123.

Bajic, B, Rikalovic, A., Suzic, N,, & Piuri, V. (2021).
Industry 4.0 implementation challenges
and opportunities: a managerial perspective.
IEEE Systems Journal, 15(1), 546-559. https://
doi.org/10.1109/jsyst.2020.3023041.

Beaudoin, S.M. (2000). Current debates
in the study of the industrial revolution. OAH
Magazine of History, 15(1), 7-13. https://doi.
org/10.1093/maghis/15.1.7.

Benesovd, A., & Tupa, J. (2017). Requirements for
education and qualification of people in indus-
try 4.0. Procedia Manufacturing, 11, 2195-2202.
https://doi.org/10.1016/j.promfg.2017.07.366.

Brezis, E.S., & Tsiddon, D. (1998). Economic growth,
leadership and capital flows: the leapfrogging
effect. Journal of International Trade and Eco-
nomic Development, 7(3), 261-277. https://doi.
0rg/10.1080/09638199800000014.

Chen, Y. (2017). Integrated and intelligent manu-
facturing: perspectives and enablers. Engineer-
ing, 3(5), 588-595. https://doi.org/10.1016/].
eng.2017.04.009.

Duki¢, B, Dugandzié, S., & Dukié, S. (2017). Concep-
tual CRM application database model in the func-
tion of physical products distribution for known
customer. Proceedings of the 17th Interna-
tional Scientific Conference Business Logistics
in Modern Management.


https://doi.org/10.21276/sjhss.2017.2.11.7
https://doi.org/10.21276/sjhss.2017.2.11.7
https://doi.org/10.1111/0022-4146.00211
https://doi.org/10.1111/0022-4146.00211
https://doi.org/10.1016/j.procs.2019.09.123
https://doi.org/10.1016/j.procs.2019.09.123
https://doi.org/10.1109/jsyst.2020.3023041
https://doi.org/10.1109/jsyst.2020.3023041
https://doi.org/10.1093/maghis/15.1.7
https://doi.org/10.1093/maghis/15.1.7
https://doi.org/10.1016/j.promfg.2017.07.366
https://doi.org/10.1080/09638199800000014
https://doi.org/10.1080/09638199800000014
https://doi.org/10.1016/j.eng.2017.04.009
https://doi.org/10.1016/j.eng.2017.04.009

Bl caraiiaxy e 3s-48

European Commission. (2017). Special ~euro-
barometer 460: attitudes towards the impact
of digitisation and automation on daily life. Re-
trieved 03.07.2021 from https://europa.eu/
eurobarometer/surveys/detail /2160.

European Commission. (2018). Digital transforma-
tion scoreboard 2018: EU businesses go digital:
opportunities, outcomes and uptake. Retrieved
04.05.2021 from https://op.europa.eu/en/pub-
lication-detail/-/publication/683fe365-408b-
11e9-8d04-01aa75ed71al.

European Commission. (2020a). Digital Economty
and Society Index (DESI) 2020: thematic chap-
ter. Retrieved 18.06.2021 from https://digi-
tal-strategy.ec.europa.eu/en/policies/desi.

European Commission. (2020b). European inno-
vation scoreboard 2020. Retrieved 18.06.2021
from https://ec.europa.eu/docsroom/
documents/42981.

European Commission.(2020c¢). Transitiontoindustry
4.0in the Visegrdd countries. Retrieved 04.05.2021
from https://ec.europa.eu/info/publications/
transition-industry-40-visegrad-countries_en.

Eurostat. (2021a). Big data analysis. Retrieved
18.05.2021 from https://ec.europa.eu/
eurostat/data/database.

Eurostat. (2021b). Cloud computing services. Re-
trieved 18.05.2021 from https://ec.europa.eu/
eurostat/data/database.

Eurostat. (2021c). Distribution of graduates at ed-
ucation level and programme ovientation by sex
and field of education. Retrieved 18.05.2021
from https://ec.europa.eu/eurostat/data/
database.

Eurostat. (2021d). E-commerce sales. Retrieved
18.05.2021 from https://ec.europa.eu/
eurostat/data/database.

Eurostat. (2021e). Employed ICT specialists by sex.
Retrieved 18.05.2021 from https://ec.europa.
eu/eurostat/data/database.

Eurostat. (2021f). Enterprises using software solutions,
like CRM to analyse information about clients for
marketing purposes. Retrieved 18.05.2021 from
https://ec.europa.eu/eurostat/data/database.

Eurostat. (2021g). Individuals’ level of digital skills.
Retrieved 18.05.2021 from https://ec.europa.
eu/eurostat/data/database.

Eurostat. (2021h). Integration of internal processes.
Retrieved 18.05.2021 from https://ec.europa.
eu/eurostat/data/database.

Eurostat. (2021i). Social media use by type, internet
advertising. Retrieved 18.05.2021 from https://
ec.europa.eu/eurostat/data/database.

Guszcza, J., Lewis, H.,, & Evans-Greenwood, P.
(2017). Cognitive collaboration: why humans
and computers think better together. Retrieved
18.05.2021 from https://www2.deloitte.com/
us/en/insights/deloitte-review/issue-20/aug-
mented-intelligence-human-computer-collab-
oration.html.

Haddara, M., & Elregal, A. (2015). The readiness
of ERP systems for the factory of the future.
Procedia Computer Science, 64, 721-728. https://
doi.org/10.1016/j.procs.2015.08.598.

IMD World Competitiveness Center. (2020).
The IMD world digital competitiveness rank-
ing 2020. Retrieved 18.06.2021 from https://
worldcompetitiveness.imd.org/rankings/
digital.

International Federation of Robotics. (2017). World
robotics industrial robots and service robots 2017.
Retrieved 18.06.2021 from https://ifr.org.

Kamble, S.S., Gunasekaran, A., & Gawankar, S.A.
(2018a). Sustainable industry 4.0 framework:
a systematic literature review identifying
the current trends and future perspectives.
Process Safety and Environmental Protection,
117,  408-425.  https://doi.org/10.1016/j.
psep.2018.05.009.

Kamble, S.S, Gunasekaran, A. & Sharma, R.
(2018b). Analysis of the driving and depend-
ence power of barriers to adopt industry 4.0
in Indian manufacturing industry. Comput-
ers in Industry, 101, 107-119. https://doi.
0rg/10.1016/j.compind.2018.06.004.

Kapéds, J.  (2008).
and the evolution of the firm’s organization: an
historical perspective. Journal of Innovation Eco-
nomics & Management, 2(2), 15-33. https://doi.
org/10.3917 /jie.002.0015.

Kiel, D, Miiller, J.M., Arnold, Ch., & Voigt, K-I.
(2017). Sustainable industrial value creation:
benefits and challenges of industry 4.0. Interna-
tional Journal of Innovation Management, 21(8).
https://doi.org/10.1142/s1363919617400151.

Lasi, H., Fettke, P,, Kemper, H.G., Feld, T., & Hoff-
mann, M. (2014). Industry 4.0. Business & In-
formation Systems Engineering, 6(4), 239-242.
https://doi.org/10.1007/s12599-014-0334-4.

Lazanyi, K., & Lambovska, M. (2020). Readiness
for industry 4.0 related changes: a case study
of the Visegrad four. Ekonomicko-manazer-
ske Spektrum, 14(2), 100-113. https://doi.
org/10.26552/ems.2020.2.100-113.

Lu, Y. (2017). Industry 4.0: a survey on technologies,
applications and open research issues. Journal
of Industrial Information Integration, 6, 1-10.
https://doi.org/10.1016/j,ii.2017.04.005.

Industrial ~ revolutions


https://europa.eu/eurobarometer/surveys/detail/2160
https://europa.eu/eurobarometer/surveys/detail/2160
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://digital-strategy.ec.europa.eu/en/policies/desi
https://digital-strategy.ec.europa.eu/en/policies/desi
https://ec.europa.eu/docsroom/documents/42981
https://ec.europa.eu/docsroom/documents/42981
https://ec.europa.eu/info/publications/transition-industry-40-visegrad-countries_en
https://ec.europa.eu/info/publications/transition-industry-40-visegrad-countries_en
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://www2.deloitte.com/us/en/insights/deloitte-review/issue-20/augmented-intelligence-human-computer-collaboration.html
https://www2.deloitte.com/us/en/insights/deloitte-review/issue-20/augmented-intelligence-human-computer-collaboration.html
https://www2.deloitte.com/us/en/insights/deloitte-review/issue-20/augmented-intelligence-human-computer-collaboration.html
https://www2.deloitte.com/us/en/insights/deloitte-review/issue-20/augmented-intelligence-human-computer-collaboration.html
https://doi.org/10.1016/j.procs.2015.08.598
https://doi.org/10.1016/j.procs.2015.08.598
https://worldcompetitiveness.imd.org/rankings/digital
https://worldcompetitiveness.imd.org/rankings/digital
https://worldcompetitiveness.imd.org/rankings/digital
https://ifr.org
https://doi.org/10.1016/j.psep.2018.05.009
https://doi.org/10.1016/j.psep.2018.05.009
https://doi.org/10.1016/j.compind.2018.06.004
https://doi.org/10.1016/j.compind.2018.06.004
https://doi.org/10.3917/jie.002.0015
https://doi.org/10.3917/jie.002.0015
https://doi.org/10.1142/s1363919617400151
https://doi.org/10.1007/s12599-014-0334-4
https://doi.org/10.26552/ems.2020.2.100-113
https://doi.org/10.26552/ems.2020.2.100-113
https://doi.org/10.1016/j.jii.2017.04.005

Bl caraiiaxye)3s-48

Maisiri, W,, Darwish, H., & van Dyk, L. (2019).
An investigation of industry 4.0 skills re-
quirements. South African Journal of Indus-
trial Engineering, 30(3), 90-105. https://doi.
org/10.7166/30-3-2230.

Mavrikios, D., Georgoulias, K., & Chryssolouris,
G. (2018). The teaching factory paradigm:
developments and outlook. Procedia Manu-
facturing, 23, 1-6. https://doi.org/10.1016/j.
promfg.2018.04.029.

McKinsey & Company. (2018). Transform-
ing our jobs: automation in Hungary. Re-

18.06.2021 https://www.

mckinsey.com/featured-insights/europe/

trieved from
transforming-our-jobs-automation-in-hungary.
Moktadir, A., Ali, .M., Kusi-Sarpong, S., & Shaikh,
A.A. (2018). Assessing challenges for imple-
menting industry 4.0: implications for pro-
cess safety and environmental protection.
Process Safety and Environmental Protection,

117,  730-741.  https://doi.org/10.1016/j.
psep.2018.04.020.

Nasution, M.K.M. (2020). Industry 4.0.
IOP  Conference  Series:  Materials ~ Science

and Engineering, 1003, 012145, 1-10. https://
doi.org/10.1088/1757-899X/1003/1/012145.

Nhamo, G., Nhemachena, C., & Nhamo, S. (2020).
Using ICT indicators to measure readi-
ness of countries to implement industry
4.0 and the SDGs. Emvironmental Economics
and Policy Studies, 22(2), 315-337. https://doi.
org/10.1007/s10018-019-00259-1.

Olanders, D, & Rosenvinge, M. (2018). In-
dustry 4.0: how can industry 4.0 create value
in manufacturing companies [Bachelor’s thesis,
KTH Royal Institute of Technology]. Re-
trieved 21.04.2021 from http://urnkb.se/
resolve?urn=urn:nbn:se:kth:diva-233809.

A, (2020). Industry 4.0: impact

on manufacturing strategies and performance

[Bachelor’s thesis, Linnaeus University]. Re-

trieved 21.04.2021 from http://urnkb.se/

resolve?urn=urn:nbn:se:Inu:diva-97129.

AC, E  (2017).

A review of the meanings and the implica-

tions of the industry 4.0 concept. Procedia

Manufacturing, 13, 1206-1214. https://doi.

org/10.1016/j,promfg.2017.09.032.

Pehrsson,

Pereira, &  Romero,

.

Ut

Polish Economic Institute. (2019). The automotive
industry in the Visegrad Group countries. Re-
trieved 18.06.2021 form https://pie.net.pl/en/
polska-i-kraje-cee-napedzaja-europejska-mo-
toryzacje.

Prifti, L., Knigge, M., Kienegger, H. & Krcmar, H.
(2017). A competency Model for “Industrie 4.0”
Employees. Proceedings of the 13th Interna-
tional Conference on Wirtschaftsinformatik.

PricewaterhouseCoopers. (2019). How will AI im-
pact the Hungarian labour market. Retrieved
18.06.2021 from https://www.pwec.com/hu/
en/publications/assets/How-will-AI-impact-
the-Hungarian-labour-market.pdf.

Rao, S.K., & Prasad, R. (2018). Impact of 5G tech-
nologies on industry 4.0. Wireless Personal
Communications, 100(1), 145-159. https://doi.
org/10.1007/s11277-018-5615-7.

Schallock, B, Rybski, C., Jochem, R. & Kohl, H.
(2018). Learning factory for industry 4.0
to provide future skills beyond technical train-
ing. Procedia Manufacturing, 23, 27-32. https://
doi.org/10.1016/j.promfg.2018.03.156.

Siekelova, A., & Podhorska, I. (2019). Earnings in-
dicators under the condition of globalization.
In T. Kliestik (Ed.), Proceedings of the 19th in-
ternational  scientific conference globalization
and its socio-economic consequences: sustainability
in the global-knowledge economy, 74, 1-7. https://
doi.org/10.1051/shsconf/20207401031.

Slusarczyk, B. (2018). Industry 4.0: are we
ready. Polish Journal of Management Studies,
17(1), 232-248. https://doi.org/10.17512/
pjms.2018.17.1.19.

The Global Economy. (2021). Share of manufactur-
ing in the European Union. Retrieved 18.06.2021
from https://www.theglobaleconomy.com.

Wilson, J.H.,, & Daugherty, PR. (2018). Collabo-
rative intelligence: humans and AT are joining
forces. Harvard Business Review, July—August,
114-123.

Acknowledgements

Author contributions: author have given approval

to the final version of the article.

fully

J

Funding: this research was funded by

the author’s own sources.


https://doi.org/10.7166/30-3-2230
https://doi.org/10.7166/30-3-2230
https://doi.org/10.1016/j.promfg.2018.04.029
https://doi.org/10.1016/j.promfg.2018.04.029
https://www.mckinsey.com/featured-insights/europe/transforming-our-jobs-automation-in-hungary
https://www.mckinsey.com/featured-insights/europe/transforming-our-jobs-automation-in-hungary
https://www.mckinsey.com/featured-insights/europe/transforming-our-jobs-automation-in-hungary
https://doi.org/10.1016/j.psep.2018.04.020
https://doi.org/10.1016/j.psep.2018.04.020
https://doi.org/10.1088/1757-899X/1003/1/012145
https://doi.org/10.1088/1757-899X/1003/1/012145
https://doi.org/10.1007/s10018-019-00259-1
https://doi.org/10.1007/s10018-019-00259-1
http://urn.kb.se/resolve?urn=urn
http://urn.kb.se/resolve?urn=urn
http://urn.kb.se/resolve?urn=urn
http://urn.kb.se/resolve?urn=urn
https://doi.org/10.1016/j.promfg.2017.09.032
https://doi.org/10.1016/j.promfg.2017.09.032
https://pie.net.pl/en/polska-i-kraje-cee-napedzaja-europejska-motoryzacje
https://pie.net.pl/en/polska-i-kraje-cee-napedzaja-europejska-motoryzacje
https://pie.net.pl/en/polska-i-kraje-cee-napedzaja-europejska-motoryzacje
https://www.pwc.com/hu/en/publications/assets/How-will-AI-impact-the-Hungarian-labour-market.pdf
https://www.pwc.com/hu/en/publications/assets/How-will-AI-impact-the-Hungarian-labour-market.pdf
https://www.pwc.com/hu/en/publications/assets/How-will-AI-impact-the-Hungarian-labour-market.pdf
https://doi.org/10.1007/s11277-018-5615-7
https://doi.org/10.1007/s11277-018-5615-7
https://doi.org/10.1016/j.promfg.2018.03.156
https://doi.org/10.1016/j.promfg.2018.03.156
https://doi.org/10.1051/shsconf/20207401031
https://doi.org/10.1051/shsconf/20207401031
https://doi.org/10.17512/pjms.2018.17.1.19
https://doi.org/10.17512/pjms.2018.17.1.19
https://www.theglobaleconomy.com

Bl caraniaxye)ss-4s

Appendix

Chart 1.
Share of manufacturing in GDP (%)
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Source: Own preparation based on Furopean Commission (2020¢) and The Global Economy (2021).

Chart 2.
V4 enterprises using new technologies
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Notes:
Chart 2 presents the percentage of enterprises using selected technologies out of all enterprises (without financial sector) with
10 person employed or more.

Source: Own preparation based on Furostat (2021a; 2021b; 2021d; 20211 2021h; 20214).
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Chart 3.
Digital Economy and Society Index (DESI)
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Notes:
Chart 3 presents the structure of DESI that is made up of 5 dimensions: connectivity (fixed broadband take-up, fixed
broadband coverage, mobile broadband and broadband prices), human capital (internet user skills and advanced skills), use

of internet (citizens use of internet services and online transactions), integration of digital technology (business digitisation
and e-commerce), digital public services (e-Government).

Source: Own preparation based on Furopean Commission (20204).
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Chart 4.
Correlation between the awareness of Al and attitude towards robots and AL
90

)

S
Z
=

FlI DK

~I
<

EE

o
<
9
™

Sl Lv

U
=)
([ J
%)
7

LT
cY AT MT EU @ [
: T CZ

s
o

PT

HR HU o Il
RO

EL

(5]
<

=)
j=)

BG

% of respondents who has had contact with robots or Al

S
IS
[

50

U
U

60 65 70 75 80 85
% of total positive views of robots and Al
Notes:
Chart 4 is made on the basis of two questions from the Special Eurobarometer poll (N=27 901). OX axis presents total
“Positive” answers to the following question: ‘Generally speaking, do you have a very positive, fairly positive, fairly negative or
very negative view of robots and artificial intelligence?; while OY axis shows total “Yes” answers to the question: “In the last

12 months, have you heard, read or seen anything about artificial intelligence?”

Source: Own preparation based on European Commission (2017).
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