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Abstract

The information and communications technologies represent a
significant field in each sector of the economy. Currently, they are
very rapidly growing means that bring new aspects in the particular
industrial sectors. Employment is a very important perspective here.
As the mining industry belong to the primary sector of the economy,
it represents an essential part in a form of the first input branches.
Nowadays, the information and communications technologies bring
to the forefront novel methods and approaches that have been
gradually becoming significance. The explored area covers all the 27
European Union member countries dated to the year 2020. The data
set comprises the time period from the year 2008 to the year 2020.
Employment in the mining industry from a view of the information
and communications technologies is understood in the two ways — as
a manufacturing side and as a side of the services offered here.
Moreover, the altogether perspective is illustrated too. The nature of
the data is investigated through the Jarque-Bera test, while the main
analytical technique is the correspondence analysis. The scrutinised
member countries of the European Union demonstrate the various
development in the employment from a view of the information and
communication technologies in the mining industry as a part of the
primary sector of the economy.

Keywords
information and communications technologies, employment, mining
industry, manufacturing, services

© 2023 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

Acta Montanistica Slovaca, Volume 28 (2023), 1; DOL: 10.46544/AMS.v28i1.10



Jan PETROVSKY et al. / Acta Montanistica Slovaca, Volume 28 (2023), Number 1, 113-122

Introduction and Literature Review

A field of information communication technology is a very demanding and rapidly growing sector in the
economy of each country. It represents a considerably strong area that many the active policies and programmes
are touching currently. The situation in the primary sector of the economy, aiming at the obtaining of the natural
resources is not different. The mining industry possesses the very similar characteristics as the industrial sectors
of the secondary level.

The mining enterprises have a large impact on the social welfare in some territories. Besides this, the
environmental management plays an important role here. The very currently applied corporate social responsibility
also reflects in its rules a behaviour of the information and communications technologies that are ready to
incorporate several techniques in order to enhance the environmental responsibility (Gavurova et al., 2022a;
Yousefian et al., 2023). It is difficult to distinguish what kind of adaptability is a crucial one in this field. There is
a little assignment that more adaptable environment is, more enhanced managerial process could be carried out
(Stefko et al., 2023).

Another view at the mining industry processes demonstrate a perspective of the primary and secondary
supply. It is important to have enough labour force to cover all the demands in the manufacturing process (Zhang
et al., 2023a; Zhang et al., 2023b). There is a need to model and to estimate the inputs in order to know at least an
approximate value of the observed dimensions (Gavurova et al., 2018). A certain territory could perceive the
managerial processes with all the inputs differently and it is valid in the mining sector too. Whether it is a primary
sector or a secondary sector, it is not a key issue (Liptdk et al., 2015). The following research after obtaining the
initial outcomes can be directed to the similarities of the managerial processes and not only of them, but also to
the likeness of the essential attributes of the mining industry as a part of the whole economy of each country
(Kocanova et al., 2023).

After knowing the first outcomes, the green economy principles are very next step as currently, there is a very
large pressure to keep the manufacturing and as well as the services green and covered by the new responsible
business rules (Juhdsovd, 2020; Androniceanu et al., 2021; Stjepanovic et al., 2022). The regional unemployment
imbalances in different countries, focusing on long-term unemployment, should be taken into account also (Privara
et al., 2018; Piivara et al., 2019). The labour market and workforce as its main driving plays a key role in these
processes too (Privara, 2022). The research conducted by Vorobeva & Dana (2021) highlights how migrant
entrepreneurs employed various tactics to cope with the market shock, such as diversifying their businesses,
implementing innovative technologies, and adapting their products and services (Kabir, 2021; Sahoo & Pradhan,
2021; Vorobeva & Dana, 2021).

Since March 2020 world has been fighting the COVID-19 pandemic, leading to a supply shock, job layoffs,
reduced work time and wages, and decreased disposable incomes and taxes (Privara, 2022; Piivara, 2019a, 2019b).
The study published by Pfivara et al. (2020) highlight the importance of high-skilled immigration in fostering
economic growth, innovation, and addressing skill shortages in the European Union industries. Moreover, there is
a need to forget the potential threats in a way of the changing environment of the macroeconomic indicators that
are able to modify in a very difficult way the business area (Gavurova et al., 2021; Wang et al., 2022). Knowledge
altogether with the knowledge management opens the door into the realisation of the novel methods in the primary
sector of the economy as it is the basement for all the industrial processes subsequently (Figueiredo and Piana,
2018; Grondys et al. 2021). Information and communication technologies also represent a significant challenge
for the field of education and the creation of skills of experts in the sector of critical infrastructure, where securing
the raw material base of the state belongs (Kelemen and Jev¢dk, 2018a). It brings new requirements for improving
the quality of the decision-making processes of managers and decision-makers, into which more and more
predictable but also unpredictable factors and uncertainty enter. Reactions to these praxeological requirements
create a path for innovative solutions also with the support of fuzzy theory, as we perceive it in various application
areas of the economy within the countries of the European Union, for example in relation to renewable energy
sources (gtefko et al., 2021), or in socio-economic planning and risk assessment (Gavurova et al., 2022b). New
methods make it possible to examine the interdependence between financial development, fiscal instruments and
environmental deterioration in developed and converging EU countries, which, like Slovakia, are undergoing, for
example, the transformation and decline of mining with a strong impact on the environment and public health
(Zioto et al., 2020), or assessing the contribution of data mining methods to reduce the negative environmental
impacts (Vorobyeva et al., 2020).

Additionally, the mining industry is being touched also by the Industry 4.0 nowadays. This significant
evolution brings many new movements and alteration in the labour market itself. The human workforce is in a
question related to its substitution for the automatised processes (Novakova, 2020). The next point influenced by
the information communication technology in the real economy is supply management. Information and
communication technologies bring the phenomenon of threats. Strengthening the vulnerability of systems to
support decision-making processes, business management, means sharing experience in the field of security and
the security agenda across individual sectors, as well as knowledge from interdisciplinary research on security
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issues (Kelemen et al., 2018b; Androniceanu et al., 2022). This can be perceived as a very significant distortion of
the market situation (Evangelista and Hallikas, 2022).

The main objective of the paper is to reveal the potential attributes of the employment processes in the
manufacturing sector and the services sector of the mining industry. The first section describes the current state of
the art after the brief entrance into the discussed topic. The second section shows the data description and the
methodology applied in the analytical section that demonstrates the main outcome of the study in an illustrative
way through the diagrams and in a numerical way through the testing procedures. The final section offers a
summarisation of the obtained findings with the discussion points for the further research.

Data and Methodology

The source of the data and the methodology is adapted to the explored field as it is a specific sector of each
country’s economy.

The data set is in a form of a panel data that is transformed to a standard table in order to carry out the
analytical processing. It comes from the Eurostat database provided by the main statistical office of the European
Union as an official source of the data for the territory of the European Union member countries.

The whole data set is divided into the three sectors. The first one is devoted to the manufacturing area in the
information and communications technologies. The second one covers the services area of the information and
communications technologies sector with all the belonging areas of the services provision. Thirdly and finally,
there are the numbers devoted to the whole information and communications technologies sector as it comprises
many other fields and hence, this perspective offers a comprehensive view at the sector altogether.

The main analytical technique is the correspondence analysis. It is focused on the visualisation approach in a
form of the balloon plot demonstrating the distribution of the explored entities in the given area. Successively, the
testing phase is following. It is concentrated on an investigation of the origin of the numerical part of the examined
data set. The Jarque-Bera test expresses an outcome in the previously mentioned point.

The observed period covers the years beginning in the year 2008 and ending in the year 2020. All the member
countries of the European Union are involved in the data set — Austria, Belgium, Bulgaria, Switzerland, Cyprus,
Czechia, Germany, Denmark, Estonia, Greece, Spain, Finland, France, Croatia, Hungary, Ireland, Iceland, Italy,
Lithuania, Luxembourg, Latvia, the Netherlands, Norway, Poland, Portugal, Romania, Sweden, Slovenia,
Slovakia, and the United Kingdom of Great Britain and Northern Ireland — sorted in the alphabetical order
according to their abbreviation based on the official abbreviation source of the International Organization for
Standardization. Moreover, North Macedonia and Montenegro are added as the candidate countries for the
European Union as the original data source offers the data also for their territories. Additionally, the European
Union as the whole is comprised too as it is marked EU 27 as the twenty-seven-member union dated to the present
period.

Results

The whole analytical section is divided into the three thematical subsections. Firstly, the outcomes of the
correspondence analysis in a form of the visualising balloon plot is demonstrated. Secondly, the testing phase is
shown and finally, the comparative subsection reveals the potential relation in the discussion.

The first explored sector of the information and communication technologies is the manufacturing sector.

The next balloon plot on Figure 1 offers an overview of the shares of the individual countries and all the
observed years for the manufacturing sector.
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ICT manufacturing employment
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Figure 1: The information and communication technologies — employment in the manufacturing sector
Source: own elaboration.

As it is demonstrated on the above-placed figure, it is obvious that a development of the employment in the
manufacturing are of the information and communication technologies sector is growing throughout the observed
period. Only the sole country represents an opposite development — a decrease is seen in a case of the United
Kingdom of Great Britain and Northern Ireland. All the other countries keep an increasing trend or at least the
stabilised situation.

The second examined sector of the information and communication technologies is the services sector.

The subsequent balloon plot on Figure 2 offers a view at the shares of the individual countries and all the
observed years in the sector related to the services provision.
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ICT services employment
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Figure 2: The information and communication technologies — employment in the services sector
Source: own elaboration.

According to the above-mentioned balloon plot, it is evident that the services sector has very similar
development as the manufacturing sector. Only Ireland and Iceland have no available data. It is a point to discuss
whether there are some attributes, which could be assigned only to these countries, causing their similarity. The
further scrutinisation would be beneficial.

The third part of the analytical section is an exploration of the whole sector, that is, the information and
communication technologies sector altogether.

The successive balloon plot on Figure 3 demonstrate a situation in the whole sector of the information and
communication technologies according to the individual countries and the explored years.
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ICT employment
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Figure 3: The information and communication technologies — altogether employment
Source: own elaboration.

The third balloon plot visualised on Figure 3 demonstrates a considerably different situation as in the separate
sectors of the information and communications technologies. There are several changes of the trend development.
Firstly, there are the countries that were shifted throughout the explored period — namely, Estonia, Denmark, and
Sweden for instance. Secondly, a decreasing trend is found for a triplet of the explored entities — Hungary, Greece,
and partially Poland.

Subsequently, the Jarque-Bera test is processed in order to find out whether the data comes from the normal
distribution.
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Table 1: Data testing

sector year test statistic value p-value
manufacturing 2008 31.695 1.311E-07
manufacturing 2009 14.338 0.0007702
manufacturing 2010 20.464 3.599E-05
manufacturing 2011 25.634 2.714E-06
manufacturing 2012 17.869 0.0001318
manufacturing 2013 216.41 0
manufacturing 2014 10.478 0.005305
manufacturing 2015 9.1585 0.01026
manufacturing 2016 17.461 0.0001616
manufacturing 2017 14.622 0.000668
manufacturing 2018 10.383 0.005564
manufacturing 2019 12.855 0.001617
manufacturing 2020 10.45 0.005382
services 2008 0.81343 0.6658
services 2009 0.77155 0.6799
services 2010 0.36175 0.8345
services 2011 0.30912 0.8568
services 2012 0.64732 0.7235
services 2013 0.49571 0.7805
services 2014 1.8925 0.3882
services 2015 1.4588 0.4822
services 2016 1.581 0.4536
services 2017 1.8977 0.3872
services 2018 2.615 0.2705
services 2019 2.5553 0.2787
services 2020 3.7852 0.1507
altogether 2008 2.5291 0.2824
altogether 2009 2.384 0.3036
altogether 2010 1.6873 0.4301
altogether 2011 1.817 0.4031
altogether 2012 1.9947 0.3689
altogether 2013 3.2344 0.1985
altogether 2014 2.5643 0.2774
altogether 2015 3.1165 0.2105
altogether 2016 2.7791 0.2492
altogether 2017 2.4448 0.2945
altogether 2018 2.8442 0.2412
altogether 2019 2.5599 0.278
altogether 2020 2.9959 0.2236

Source: own elaboration.

The outcome of the testing is quite homogeneous. It is seen that the manufacturing sector shows a completely
different outcome than the services sector. While the services sector and the altogether information and
communications technologies shows that the numbers come from the normal probability distribution, the
manufacturing sector’s characteristics is opposite, that is, its numbers are not distributed according to the normal
probability distribution. Therefore, it would be a subject of the further research how to analyse this field.
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Discussion and Conclusion

The techniques of the cluster analysis are able to reveal the inner relations with an emphasis on the time series
data (Subov4, 2023). The outcomes of this analysis would serve as an essential foundation for the policymaking
processes and subsequently, it creates the initiating points for the benchmarking processes. As the mining industry
is a key part of the primary sector, it influences many factors that possess an impact on the macroeconomic
indicators as well as the indicators related to the participants of the whole economy in the particular country. These
factors can represent a very close issue to the socio-economic dimensions of the society (Solomon et al., 2008).
Another perspective is an employment of the artificial intelligence for the role of the information and
communications technologies in the explored sector (Bag et al., 2021). The very demanding process is to reveal
the further characteristics inside the observed data set. There are many methodologies how to investigate it, but it
is up to the data nature to select the appropriate technique. As carried out by the other authors, the most important
point is to interpret the results in accordance with the explored field and hence, to offer an outcome for the
policymaking and benchmarking process.

There are several restrictive factors that could influence the analytical outcomes. Firstly, the observed time
period would be longer in a case of earlier update by the statistical offices of the explored countries and hence, by
the covering statistical authority of the European Union. Also, the older data is needed to be made public in order
to demonstrate the development in the past and therefore, the policymakers can learn from the occurred lessons
throughout the examined period. Regarding the individual data, the more precise division of the data set would
make it clearer in the field of employment. Not only the twos sections — on the one hand, manufacturing and on
the other hand, services — would open the door to the more classifications that would reveal the inner relationships
within the observed framework. Another point is represented by the exactness of the public data. Although,
Eurostat as the main official statistical office of the European Union offers the quality data, some erroneous entities
can appear. It would be appropriate to take into account all the flags marked in the data set, but this extracts several
observed points and diminish the degrees of freedom from a statistical point of view. To summarise all the
limitations up, there is needed to take into consideration many other issues that could cause the distortion of the
analytical outcomes.

The sector of the information and communications technologies represents a very specific sector. There are
several aspects of employment considered in the analysis. They introduce a perspective view at the two main areas
of this sector — manufacturing and services. Besides these areas, an altogether view is offered in order to
demonstrate the situation as a whole. Employment as a perspective of the macroeconomic development is not only
about its impact in the particular sector of the economy. It also plays a role in the construction of the national as
well as international policies aimed at the development and the enhancement of the support mechanisms focused
on employment.
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