C@D The importance of digitalization and
IR0 robotization in vehicle production in the
European Union

2 UNIVERSITY of
S ¢! DEBRECEN

International Review of  Laszlo Torok™
Applied Sciences and
Engineering

Department of Engineering Management and Enterprise, Faculty of Engineering, University of
Debrecen, Otemeté u. 2-5, Debrecen, Hungary

14 (2023) 1, 125-131

DOI: Received: February 21, 2022 e Accepted: March 31, 2022
10.1556/1848.2022.00481 Published online: July 18, 2022
© 2022 The Author(s)

ABSTRACT

Vehicle manufacturing is an industry in which the technologies used by Industry 4.0 and their evolution

can best be traced. Digitalization-robotization is paramount to the technical methods used in the Fourth

Industrial Revolution. The question is how close a correlation between productivity and digitalization

ORIGINAL RESEARCH robotics in vehicle production is in the Member States of the European Union. I perform the relationship

PAPER between the two variables by correlation calculation. Then I classify the member states according to the

closeness of the relationship between the two variables using the method of hierarchical cluster analysis.

Empirical results show a robust relationship, with the highest per capita production value in those

q Member States with the highest degree of digitalization-robotization in vehicle production. In conclusion,

Check for the countries in Central and Eastern Europe and the end of the productivity rankings need to increase the
updates degree of digitalization of their vehicle production to increase their productivity and competitiveness.
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1. INTRODUCTION

Industry 4.0 is the fourth industrial revolution, which is not just a technological issue, but a
fundamental paradigm shift in the manufacturing strategy of industrial companies. Former
production systems are no longer sustainable. They lead to lasting environmental damage
(climate change, pollution, etc.) and digest too many non-renewable energy sources. They
require a reduction in the workforce due to aging societies [1].

Industry 4.0 is based on technologies that include CPS (Cyber-Physical Systems), IoT
(Internet of Things), and IoS (Internet of Services) [2]. These digitalization technologies
enable continuous communication over the internet, thus ensuring a constant interaction and
flow of information. The flow of information is not only between human-to-consumer (C2C)
but also between human-to-machine (C2M) to machine-to-machine (M2M: machine to
machine) [3]. Therefore, the fourth industrial revolution is a phenomenon that affects
production systems and society.

Industry 4.0 and “smart” factories aim to create the most flexible production model
possible that can meet consumers’ high level of personalized expectations. While meeting
expectations, a “smart” factory can facilitate real-time interaction between people, products,
and devices at any stage of production [4]. Further statements on the significance and essence
of Industry 4.0 are made by [5, 6].

Another important factor in gaining a competitive advantage is selecting relevant in-
formation from the resulting data to support decision-making [7-9].

According to [10], Industry 4.0 requires new business models and structures, a trans-
formation process that is the digital transformation itself. The basis of the fourth industrial

revolution is digitalization and data. The computer is just a means to connect them. Ad-
’j Journals vances in the internet and technology create a continuous network of people, machines, and
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companies and share data about value-creating processes. By
sharing the data, the production of competitive products
becomes available. Therefore, the source of competitive
advantage for companies will be coordinated or completely
new production (for example, additive manufacturing) and
digital services for products.

This study aims to establish a link between the produc-
tivity of the vehicle manufacturing industry in the European
Union and the degree of digitalization-robotization. The
study will examine the significant relationship between
digitalization-robotization (as an independent variable) and
vehicle production productivity (as a dependent variable) in
the EU Member States with the empirical data used.

1.1. Literature on the relationship between vehicle
manufacturing, industry 4.0 and digitalization-
robotization

One of the main reasons for developing the world economy is
digitalization-robotization, the most critical manufacturing
process in Industry 4.0. The positive impact of the two factors
on economic growth is evident. However, these factors are not
expected to have an explosive effect on economic growth [11].

The achievements and procedures of the fourth indus-
trial revolution make it possible to speed up production
processes, increase capacity utilization, and optimize tech-
nical, human, and natural resources [12].

Digitalization and technological advances have brought
new opportunities, but they also require adaptation from all
economic actors. Exploiting the Fourth Industrial Revolu-
tion (such as digitalization) can provide a competitive
advantage that can lead to lasting productivity gains and
thus sustainably increase social welfare.

However, the growth of digitalization alone is not
enough to increase social well-being. It must be accompa-
nied by developing new employee competencies, virtual re-
ality, and cooperation networks. It is also relevant that
Industry 4.0 is combined into a “system” because this is the
only way to become a thriving market practice [13]. Several
international surveys have confirmed this expectation
described earlier, see [14, 15].

The technological innovations in today’s vehicle
manufacturing are driven by digitalization and robotics. The
development of digitalization and robotics is most noticeable
in vehicle manufacturing. Digitalization is a self-catalyzing
process that assigns a virtual projection to every aspect of life.

And the concept of robotization means replacing human
employees with vending machines in the production value
chain process. So far, the development of the vehicle
manufacturing industry would not have been possible
without the applications of robotics and digitalization [16].

The emergence and spread of digitalization-robotization
technologies, which form the basis of Industry 4.0, has
fundamentally changed enterprises’ leading and supporting
activities, thus the operation of individual industries and
entire national economies.

The benefits of digitalization are also evident at the
macroeconomic and microeconomic levels. Governments
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expect incentives to join the digitalization trend to see sig-
nificant macroeconomic and radical micro-level perfor-
mance improvements. At the macro level, the contribution
to GDP growth or the net positive effect on the labor force in
Western European economies can be highlighted [17].

At the micro-level, a wide range of financial and oper-
ational indicators can be improved with the transition to
industry 4.0 as part of its digitalization [18].

Digitalization provides process and organizational
development opportunities for stakeholders from an eco-
nomic perspective and enables the continuous exchange of
data between people and devices from a social perspective.
The basis for data exchange is provided by the info-
communication infrastructure and the Internet [19, 20].

Digitalization is shaping a socio-economic environment
today in which smart devices are constantly communicating
with each other and with consumers, touching the material
and virtual worlds in parallel [21-23].

Robotization means that networked autonomous indus-
trial robots, which are becoming more and more suitable for
tasks, perform tasks instead of humans [24]. Industrial robots
are automatically controlled, reprogrammable, multi-purpose
devices with varying degrees of freedom for industrial oper-
ations. These devices can be fixed or mobile [25].

One major industry trend today is that vehicle manu-
facturer and suppliers are increasingly turning to collabo-
rative robots, the so-called “COBOT” (CollaBorative Robot).
Such devices are smaller, smarter, and safer than traditional
manufacturing devices that have been common for decades.
Robots are faster, more precise, and more predictable than
the human workforce because they do what they are pro-
grammed for. The precision and predictability expected of
robots are of great importance if the end product (the
vehicle) results from thousands of different components and
sub-processes [26].

Robots and automation have long existed to replace the
human workforce. [27] presents the application possibilities
and characteristics of industrial robots and describes the
applications of industrial robots in the intelligent production
line of cars. Industrial robots are capable of a high division
of labor. The technical advantage of robots is their small
footprint and high availability, which improve the work ef-
ficiency of the automotive industry. On the other hand, the
internet revolutionizes manufacturing processes by
networking robots [28].

[29] describes the use of robots in the manufacture of
vehicle surfaces. The study describes robots with stationary,
rotating, and injection tools. The experiments used an IRb60
robot with a modernized computer control system.

The above literature references prove that technical
complexity may be why the most “robotic” industry in the
global economy today is vehicle manufacturing. Today, the
world’s vehicle industry is undergoing a complete trans-
formation: grid-connected electric and self-driving cars are
gaining ground. The focus of vehicle factory developments is
to transform and modernize their manufacturing processes
in the spirit of Industry 4.0 and, if necessary, change their
business models rapidly [30].
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In contrast to the radical socio-economic processes
generated by digitalization-robotization, the most important
expectation is that these processes take place with sustain-
ability in mind. [31] provide a comprehensive and practical
assessment of digitalization’s social and environmental op-
portunities, challenges, and sustainability.

2. MATERIALS AND METHOD

The study will show the significance of digitalization-
robotization in the Member States of the European Union
and how this level affects the productivity of vehicle pro-
duction. Of the two variables, the independent variable is
the occupation of the member state based on the degree of
digitalization-robotization, the dependent variable is the

Table 1. Production value of motor vehicles in Europe in 2018 (in a
million euros), direct automotive manufacturing jobs in the EU
(head) by country, value per capita (in euros), and rank

production value per capita. The relationship between two
variables could theoretically be functional, stochastic, or
completely independent. We assume that this relationship
will be stochastic before analyzing the relationship between
dependent and independent variables, since functional and
complete independence can be ruled out. The appropriate
procedure for examining the stochastic relationship is
correlation calculation. I use correlation calculation to
measure the closeness of the relationship between the two
variables.

Correlation answers whether there is a relationship be-
tween two or more quantitative variables and, if so, how
close it is. Pearson’s correlation coefficient characterizes the
combined change of the variables. The sign of the correla-
tion coefficient, retaining the character of the covariance,
indicates the direction of the relationship. The role of the
variables in the correlation study is interchangeable; none of
them has a prominent role.

Of the EU member states, only those with significant
vehicle production are examined in the study. It is hypoth-
esized that those Member States with a higher ranking in

Number Value Rank European digitalization and robotics will have the highest
Production of per among 16 production value per primary vehicle manufacturing worker.
Country value employees  person countries Table 1 shows the production value, the number of
Germany 401872 919,002  437.292 . em)ployeleg, the production values per capita, and the coun-
France 102,479 238,666 429,382 5. try's ranking.
Spain 67,221 161,722 415,658 6.
Italy 65,142 177,908 366,156 9.
Czechia 50,093 181,487 276,014 10. 3' RESULTS
Sweden 37,227 92,576 402,124 7.
Poland 36,652 214,642 170,759 14. 3.1. Results of production value data analysis
Slovakia 29,892 80,963 369,206 8.
Hungary 26,498 101,908 260,002 11. In the study, I carry out the normality test of the data on
Romania 21,340 194,787 109,556 15. the production value per capita of vehicle production in the
Austria 17,771 38,873 457,155 2. European Union member states and the classification of the
Netherlands 15,506 25162 616,247 L countries into clusters. To examine the normal distribution
Belgium 13,194 29,749 443,511 3. of the data, I performed a Shapiro-Wilk test, the results of
ISJlortug.al 12’323 ‘113 223 §§79gg g which are as follows: P-value: 0.6985, W: 0.962, Sample size
Bolven}a 1?22 2?’552 4;’231 16. (n):16, Average (X): 329.8125, Median: 367.5, Sample Stan-
ulgaria s > 5 . I
8 dard Deviation (S): 147.3129, Sum of Squares: 325,516.4375,
Source: [32, 33], own calculation. b: 559.5995, Skewness: —0.2082 (Figs 1-4).
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Fig. 1. Normality testing of per capita output value data in vehicle manufacturing
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Histogram
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Fig. 2. Clusters based on per capita production value.
Note: y-axis: frequency of occurrence of countries in the production
value cluster, x-axis: value range of the clusters based on per capita
production value

The per capita production value data follow a normal
distribution based on the test results. It follows from the
previous finding that the 16 EU Member States examined
can be classified into clusters. The histogram in Fig. 2
illustrates the clusters.

The first cluster includes Poland, Romania, and Bulgaria.
Of the clusters based on per capita production value, only
the Netherlands was in the fourth, with the highest per
capita production value. The third cluster included Austria,
Belgium, Germany, France, Spain, and Sweden, followed by
Slovakia, Italy, the Czech Republic, Hungary, Portugal, and
Slovenia. These countries have the lowest per capita pro-
duction value in the automotive industry.

Note: If an EU Member State is placed in a higher
number of clusters than in the cluster, the output value of
vehicle production in that country is higher than in the
countries in the previous clusters.

3.2. Results of data analysis of digitalization-
robotization

In the study, I test the normality of the degree of development
of digitalization-robotization in the European Union member

Q-Q Plot

states and classify the countries into clusters. To examine the
normal distribution of the data, a Shapiro-Wilk test was
performed, the results of which are as follows: P-value:
0.3699, W: 0.9417, Sample size (n): 16, Average (%): 13.9081,
Median: 12.75, Sample Standard Deviation (S): 7.2819, Sum
of Squares: 795.3904, b: 27.3677, Skewness: 0.1707 (Fig. 3).

Based on the test results, the digitalization-robotization
data follow a normal distribution. It follows from the pre-
vious finding that the 16 countries examined can be classi-
fied into clusters (Fig. 4).

The histogram in Fig. 4 illustrates the clusters.

Belgium, the Netherlands, and Sweden are the first
clusters formed based on digitalization and robotization.
This ranking means that these three countries have the
highest level of development of digitalization-robotization.
Slovenia and France are in the second cluster, Portugal,
Germany, Austria, and Spain in the third, Italy, the Czech
Republic, Poland in the fourth, Slovakia, Hungary, Bulgaria
in the fifth, and Romania alone in the sixth cluster. Roma-
nia’s last ranking means that this country has the lowest
level of digitalization-robotization.

Histogram
4
3
2
1
0
0 5 10 15 20 25 30 35

Fig. 4. Clusters based on the development of digitalization and
robotization.
Note: y-axis: frequency of occurrence of countries in the given
cluster, x-axis: value range of clusters based on the degree of
digitalization-robotization
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o

15 20 25 30

Normal theoretical quantiles

Data

Fig. 3. Normality test of digitalization and robotization data
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Table 2. Digitalization of enterprises in EU countries — level and ranking of robotization without financial sector, by size, 2018

Medium Large enterprises
All enterprises (10  Small enterprises enterprises (50— (250 persons Average Unweighted
persons employed (10-49 persons 249 persons employed or company size  ranking among 16
Country or more) employed) employed) more) placements countries
Germany 10 14 13 10 11.75 7
France 8 13 10 8 9.75 5
Spain 14 12 11 14 12.75 9
Italy 17 15 16 17 6.25 10
Czechia 16 21 18 16 17.75 11
Sweden 4 5 4 4 4.25 3
Poland 15 21 21 15 18.00 12
Slovakia 20 19 22 20 20.25 13
Hungary 21 27 26 21 23.75 14
Romania 27 23 27 27 26.00 15
Austria 9 18 15 9 12.75 8
Netherlands 5 3 3 5 4.00 1
Belgium 3 4 5 3.75 2
Portugal 11 9 9 11 10.00 6
Slovenia 6 10 7 7.25 4
Bulgaria 23 25 25 23 24.00 16

Source: [34], own calculation.

Note: the table only includes data for the 16 EU Member States with a significant value-added vehicle industry. The TOPSIS (Technique for
Order of Preference by Similarity to Ideal Solution) linear ranking method was used to determine the ranking of EU countries at the level of
digitalization-robotization, based on the size of enterprises. All diagnostic variables used in the study are stimulants. During the analysis,

weights of equal value are assigned to each indicator.

Note: If an EU Member State is placed in a higher
number of clusters when it is clustered, the degree of digi-
talization-robotization in that country is low.

3.3. Correlation between the productivity of vehicle
production and the degree of digitalization-
robotization

A correlation calculation between the per capita production
value showing the productivity of vehicle production and the
degree of digitization-robotization was performed. The pre-
liminary hypothesis was that there would be a solid but
negative correlation between the two variables. The correlation
can be presumed because the degree of digitalization-roboti-
zation must impact the productivity of vehicle production.
The negative correlation can be assumed because which EU
Member State has a high per capita production value in vehicle
production. The same country is likely to rank lower according
to digitalization-robotization. For the correlation calculation,
I used the data in column 4 of Table 1 and column 6 of Table 2.
The Pearson coefficient was highly significant at —0.69884.
This high coefficient value confirms the hypothesis, so the
high degree of digitalization-robotization contributes robustly
to the high level of productivity in the automotive industry.

4. DISCUSSION

The results of several studies have confirmed the produc-
tivity gains achieved using digitalization-robotization, e.g.
[35-37]. However, some studies have not demonstrated such
a strong correlation as the close correlation presented in this
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study. According to a [38] survey, firms struggle to improve
their productivity despite all efforts to digitize corporate
operations. For example, in the United States, labor pro-
ductivity growth grew at an annual average of only 1.06
percent between 2010 and 2018, compared with a yearly
average of 2.73 percent from 2000 to 2010. A similar trend
can be observed in other developed industrial countries.
Productivity in OECD member countries grew by an average
of 0.98 percent per year from 2010 to 2017 and 1.4 percent
between 2001 and 2010. This so-called ‘modern productivity
paradox’ shows that while companies are steadily increasing
their investment in digital and robotics technologies, they
are not achieving the expected productivity gains overall.
The results of the study are also indicative for practitioners
in vehicle manufacturing. The results show that the digitiza-
tion and robotization of vehicle manufacturing is creating new
business opportunities in the manufacturing and service in-
dustries. These business opportunities are open to large
companies as well as small and medium-sized businesses.
Another suggestion for practitioners from the results of this
study is that maintaining corporate competitiveness is not
possible without Industry 4.0 applications. One such appli-
cation is digitization-robotization. These applications initially
require a lot of capital, but are a quick return on investment.
This study provides the following support for a theoretical
and practical survey of European vehicle manufacturing:
(1) it provides empirical evidence that the development
of digitalization-robotization has a decisive impact on the
productivity of vehicle manufacturing; (2) it also provides
empirical evidence that the two factors have a positive effect
on vehicle production; (3) promote an understanding of the
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need to increase the level of digitalization-robotization in
order to maintain the international competitiveness of vehicle
manufacturers.

The limitations of this study are as follows: (1) the data
collection process is not optimal because only 2018 data on
the level of digitalization-robotization of the economies of
the EU member states are available; (2) The results of the
study cannot be generalized to all EU Member States, as they
are limited to countries with a significant share of vehicle
production.

Future research directions may include: (1) using other
output data from EU vehicle production for the study; (2)
examining the role of other independent variables influ-
encing the productivity of vehicle production, such as CPS
(Cyber-Physical Systems), IoT (Internet of Things), IoS
(Internet of Services), and so on.

5. CONCLUSIONS

The clusters formed based on per capita production value,
and the degree of digitalization-robotization contain similar
countries, only in reverse order. The same countries lead in
per capita production value rankings and digitalization-
robotization (the Netherlands, Belgium). The same countries
are last in the two scales (Romania and Bulgaria). A robust
conclusion can be drawn from these facts that the high degree
of digitalization-robotization positively affects vehicle pro-
duction output (production value). The results show a strong
correlation in the automotive industry between the develop-
ment of production output and the growth of digitalization-
robotization in the European Union’s member states. The
value of the correlation coefficient — 0.69884 shows that it is a
healthy coexistence of the two variables. The coefficient value
means that vehicle per capita production value in the EU
Member States (as a dependent variable) is explained by the
high degree of digitalization-robotization (as an independent
variable).

The negative sign of the correlation coefficient indicates
that if the per capita production value of vehicle production
is high in one of the studied member states, then the ranking
of the same member state in the order of digitalization-
robotization is lower (i.e., better). The correlation is also
accurate: if vehicle production’s per capita production value
is deficient in one of the studied member states, then the
ranking of the same member state is higher (i.e., worse) in
the order of digitalization-robotization.

The research results confirm that among the applications
of Industry 4.0, the application of the digitalization-roboti-
zation technologies highlighted in the study causes an in-
crease in efficiency and productivity at the enterprise level,
which increases the gross added value of the wvehicle
manufacturing sector. Digitalization-robotization  will
become mandatory for virtually all automotive manufac-
turers to stay competitive. In Central and Eastern Europe
and the Balkans, at the end of the ranking, it is necessary to
increase the degree of digitalization-robotization to increase
the productivity of vehicle production.
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