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Abstract

:

The emergence of the fourth industrial revolution (Industry 4.0, hereinafter I 4.0) has led to an entirely fresh approach to production, helping to enhance the key industrial processes and therefore increase the growth of labor productivity and competitiveness. Simultaneously, I 4.0 compels changes in the organization of work and influences the lives of employees. The paper intends to construct a model for predicting the allocation of human resources in the sectors of the national economy of the Czech Republic in connection with I 4.0. The model used in this research visualizes the shift of labor in the economic sectors of the Czech Republic from the year 2013 to the following years in the near future. The main contribution of this article is to show the growth of employment in the high-tech services sector, which will have an ascending trend.
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1. Introduction


The essence of the fourth industrial revolution is considered and known as Industry 4.0 (hereinafter I 4.0), and the manufacturing sector has been making use of it recently by utilizing cyberphysical systems (CPSs) in an effort to seize high levels of automation [1]. The cyberphysical system (CPS) is the understructure for smart factories, and it provides the means to interconnect sensors, machines and IT systems within the value chain throughout the boundaries of the enterprise [2]. Internet of things (IoT), Internet of services (IoS) and artificial intelligence (AI) are considered other critical components of I 4.0 next to cyber physical systems (CPSs) [3].



A significant number of studies have been conducted in regard to Industry 4.0 and also about readiness and maturity models. The available studies are typically from a technological point of view. On the other hand, the perspective and predictions of the allocation of human resource management in the context of I 4.0 is remarkable, which calls for more attention and inspires conducting research in this specific area.



According to the chairman and founder of the World Economic Forum, Klaus Schwab (2018), there are four main impacts that can be described in the context of I 4.0 [4]. Those four main impacts are as follows:




	
Customer expectations;



	
Product improvement;



	
Innovation in cooperation;



	
Organizational forms.








The focus of everything is customers and the subsequent care for them, which requires constant improvement. In regard to products, they can be increasingly enriched with digital capabilities, which consequently results in an increase in their value. New technologies increase their resilience, new innovative data, their overall value and the way they are maintained. As far as customers are concerned, it is a service-based world. Having said that, data through analytical services require special forms of collaboration, one that takes into account speed and innovation [5].



According to a comparison of the World Economic Forum in the survey of potential yield from I 4.0, the Czech Republic ranked sixth overall, which can be considered a noteworthy and significant success. This classifies the Czech Republic as one of the 25 leading countries in the field of robotics. In this evaluation, 100 countries and economies were participating. The evaluation demonstrates the current preparedness of the country as well as how the trend is evolving with time [6].



The Czech Republic has achieved its place in this assessment most specifically due to the high share of the developed automotive industry. The fact that Czech companies are constantly keeping up with the modern trends and are eager to be involved in them ensures their competitiveness. For these reasons mentioned before, I 4.0 represents a substantial potential for the Czech Republic.



According to a study [7], which observed estimates of the impact of I 4.0 on the manufacturing industry in Germany, the employment rate in this sector will increase quite significantly in the next decade. The fastest growth (up to 0.9% per year) is logically expected to be for the field of engineering, which is basically a producer of the new generation of production equipment for the entire production sector. This will result in a significantly increased demand for new professions throughout the high-tech sector. These professions will use mechanical engineering and combine it with knowledge of electronics, cybernetics and computer science.



The high-technology sector is frequently brought up as a typical characteristic of economic development in a particular territorial unit. Oftentimes, businesses in these industries utilize advanced technologies to produce on a large scale, while the development of their products is associated with high research and development (R&D) costs and subsequent innovations. The high-technology sector consists of a few industries within selected industries in the manufacturing industry (high-technology industry) as well as selected service industries (high-technology services) [8].



A four-way exports classification has been developed by the OECD: high, medium-high, medium-low and low-technology. The classification is done based on the significance of research and development expenditures relative to the gross output and value added of different types of industries, which produce goods to export.



Some examples of high-technology industries are aircraft, computers and pharmaceuticals; medium-high-technology, including instances such as motor vehicles, electrical equipment and the majority of chemicals; medium-low-technology, including examples like rubber, plastics, basic metals and ship construction; and finally, low-technology industries, including food processing, textiles, clothing and footwear [9,10].



In high-tech sectors, the majority of the human capital is both highly skilled and well educated. A large number of employees that are members of these sectors are scientists, engineers and technicians. From the HR point of view, a major restructuring of work will be happening. Trends of the onset of I 4.0 are already coming out with increasing intensity; that is, ICT technologies and digitization are not only penetrating into all economic activities but also into the everyday life of society.



In this context, both the scope and structure of employment are currently changing and will also continue to change significantly in the future. This means that new professions are constantly being born, and this will continue happening; some professions will face changes in the requirements in terms of the knowledge and skills necessary for their performance, and other professions will disappear completely.



The aim of this paper is to develop a suitable model for predicting the allocation of human resources in different sectors of the national economy of the Czech Republic in connection with I 4.0.




2. Theoretical Background


2.1. Sectors of the National Economy


The Materials A sector is considered to be a part of the national economy into which the national economy is divided in some similar regard. Furthermore, these sectors are divided into a few different categories: public, private, mixed or primary, secondary, tertiary and quaternary sectors [11].



Traditionally the economy is divided into three main sectors:




	
The agricultural sector (A), which includes domestic agriculture, fisheries and forestry;



	
The industrial sector (I), which includes the mining and processing industries, the production and distribution of electricity, gas and water, in addition to construction;



	
The services sector (S), which includes trade, finance and insurance, transport, storage and communications, education, health, veterinary and social work, and other services.








The importance of the industrial sector is significant to every country’s economy and it is considered as the driver of growth and employment [12].



2.1.1. Primary Sector


The primary sector is a field that is in charge of obtaining products or raw materials in a natural way. The primary sector is also known as primary production, which includes all branches of human activity that are responsible for the conversion of natural resources into basic products.



There is a gradual slowdown in the primary sector in developed economies, and these economies are characterized by it. The particular reason for this circumstance is the fact that developed countries simply prefer to buy raw materials and to buy or use cheaper labor abroad [13].




2.1.2. Secondary Sector


The secondary sector is in charge of the processing of products from the primary sector. It is also known as the processing or manufacturing sector, which includes all sectors of human activity that are responsible for the conversion of raw materials into products or goods. In a developed economy, this sector is rather inactive. Again, the cheap labor found abroad is preferred to be used, where part of the processing of products is being moved or by significant modernization, which gradually reduces staff costs [13].




2.1.3. Tertiary Sector


The tertiary sector includes all types of services. Services related to economic activities such as banking, financial management and insurance are also sometimes mentioned when speaking of the tertiary sector.



Developed countries in which the population is rich have the strongest sector where most people work. This sector generates about 60% of GDP in these countries. The services sector practically includes all organizations (except agriculture, raw materials processing and manufacturing companies), which subject their business to at least one service sector [14].



In the last 20–30 years, a dynamic development has been observed in the tertiary sector. The noteworthy change for the two other sectors is that they have begun to become separated, namely the quaternary sector and the fifth sector. They are listed in this article for the purpose of completeness.




2.1.4. Quaternary Sector


In fact, the quaternary sector used to belong to the tertiary sector. However, in the modern conception of economics, it is considered to be completely independent [14]. Furthermore, since the quaternary sector is based on high education and requires highly qualified staff, it is referred to as the knowledge sector.



The quaternary sector is first and foremost growing in the most developed countries and it is considered to be a driving force for innovation in other sectors, especially in industry and services. This sector originates new industries, produces novel services, products and methods of work. Therefore, the quaternary sector is of high significance for the development of the economy and society as a whole.




2.1.5. The Fifth Sector


The fifth sector is often referred to as the development services sector; that is, services that significantly affect economic growth with an emphasis on their own development. This includes services that preserve and cultivate human potential, especially in science and research.





2.2. Labor Market in the Czech Republic


This section maps the labor sectors in the economy and explains the progress of the labor market since 2013, which is the year when I 4.0 started to appear in the Czech Republic. Subsequently, the structure of employees is observed and demonstrated in terms of economic activity. Finally, the shares of employment in certain economic sectors of industry and services are shown graphically.



Structure of Employment in Industry Sectors and According to the Classification of Occupations in the Czech Republic


In 2018 [15], the employment in the primary sector (I) escalated by 20 thousand to 1,483,000 people (Table 1). The primary sector accounted for 2.8% of total employment as in the prior year.



Regarding the secondary sector (II—industry incl. Construction), on the contrary, a slight decrease in employment was tracked down to 1984, 900. The share of this sector in the total employment minimized in a year from 38.1% to 37.5%.



Predominantly, the reduction of employment in the secondary sector was due to a decrease in the number of workers in construction, where after a short-term increase in 2017, the employment rate experienced a downturn by 7900 workers down to 384,000, meaning the share of the people employed in construction decreased by 0.2% to 7.3% of the total employment.



The employment in the Czech Republic decreased mostly in a period of 18 years, starting from the year 2000 to 2018, in the primary and secondary sectors, specifically in the agriculture, forestry and fishery sectors. The number of employees in these sectors decreased by almost 104,000, and so in 2018, the total number of employees working in these sectors narrowed down to less than 130,000. The massive drop in the number of employees also affected the textile, clothing and leather industry. In addition to those, the mining industry was significantly affected such that its employee count halved between the years 2000 and 2014. While this industry had 70,000 employees in the year 2000, only less than 36,000 remained employed in 2014.



The growth of employment in industry decelerated remarkably such that the number of employees increased by only 6000 up to a total of 1,601,000. The share of industry in the total employment dropped by 0.3% to 30.2%. All sections contributed slightly to the increase in industry, but the most noticeable sector was the manufacturing sector with an increase of 3600 to 1,458,400 persons.



The overall rise in employment affected the development of employment in the tertiary sector of services (III) positively, where employment expanded by 72,800 to 3,160,300 persons. Within this sector, however, employment developed differently in comparison with the year 2017. Substantially, the number of employees grew in the section of information and communication activities (by 20,400), in the section of wholesale and retail trade, repair of motor vehicles (by 15,600) and in the section of accommodation and food service activities (by 14,700). A smaller number of employments was recorded only in the section of health and social work (by 5100) and slightly also in the section transport and storage.



The share of the tertiary sector in the total employment got to 59.7% when it rose by 0.6% compared to the year 2017. This trend carries on, though the official data available from public sources for the year 2019 has not been published yet.



Due to the I 4, human resources are transferring from Sectors I and II to Sector III, and with the arrival of I 4.0 elements, the number of employees in the high-tech sector that utilizes these elements is on the rise.



As shown in Figure 1, it is comprehensible that in the year 2012, the values are the lowest as the high-tech sector started to develop only in 2013 [16]. And that is when the elements of the industrial revolution began to be introduced into business processes and new jobs came into existence.





2.3. Digital Transformation


Digitalization, digital transformation and evolving technologies activate the fourth industrial revolution or Industry 4.0 that is characterized by the widespread networking of products, devices, machinery, vehicles, workplaces, ICT systems, enterprises and human resources [17].



In business, digital transformation is considered an organizational change taking place by the use of digital technologies as well as business models for the purpose of improving economic indicators and to acknowledge and respond to the changing consumer behavior and the competition between different sectors [18].



All industrial companies are at different levels of digitalization and adoption of new digital trends in recent years. Some of these industrial companies are more innovative than other companies, which mostly depends on the complexity of the company’s structure; the smaller companies are more flexible to adopt new trends [3]. Small and medium enterprises (SMEs) can easily implement digital transformation much faster, and the particular reason behind that is the fact that they are able to develop and implement new IT structures and solutions from scratch much faster due to their size [12].



From the perspective of human resource management, digital transformation suggests the attraction of employees that have both digital and analytical skills that could possibly replace the existing workforce. In marketing, for example, traditional brand and product marketers are swapped by online and mobile marketing experts, and at the same time, data analysts have the possibility to take over the role of marketing researchers. One key challenge for current employees is to compete for talent with these skills with new digital candidates [19].



The information and communication technologies have developed into an essential element of enterprise functioning and its large-scale and intensive use, together with new approaches of accessing and using the internet efficiently, define what is called the digital economy [18].



Since the creation of information and communication technologies (ICT), the economies of countries everywhere in the world have increased intensely as companies are able to compete on a global scale to seize opportunities [12].



Thanks to information and communication technology, ideal sectoral outputs are guaranteed with a decrease in the human interface of a production line, which is called “smart production” [3].



The development of Industry 4.0 often triggers the fear of employment issues and disparity. However, some studies show that Industry 4.0 has the potential to produce innovative ways to address global challenges, but the limits and risks of Industry 4.0 to sustainable development have to be better understood [20].



Digital processes and the use of robot technologies excessively will lead to a decrease in the number of employees in mostly low-ordered jobs [21], but on the other hand, new job titles may rise with a focus on digital transformation by an increase in the level of digitalization and availability of data coming from industry process; for example, “Innovation Director” or “Digitization Director.”



The future of digitalization could be shaped by these roles at the decision-making level of the industry [3]. It is necessary to understand the opportunities being created through technological developments in order to completely embrace the digital transformation journey [22].



One major concern when creating intelligent production plants that are known as smart factories is related to the use of digital transformation and intelligent robotics. Industry 4.0 is considered a combination of technological changes as well as some changes in the business models, strategic thinking and also some changes in value and supply chains [23].





3. Methodology and Objectives


The main objective of this paper is to develop a suitable model for predicting the allocation of human resources in different sectors of the national economy of the Czech Republic in connection with I 4.0. The model visualizes the movement of labor in the economic sectors of the Czech Republic from 2013 to the near future.



This model also demonstrates how much the field of robotics expands and grows from the year 2013 to the foreseeable future. This model has its limitations as well. The fact that this development has been monitored only in the Czech Republic can be considered its largest limitation. All the data used were collected from the publicly available sources of CZSO.



The following reservoirs are used in the model (main variables in the model):




	
Population—this reservoir visualizes the total population in the Czech Republic set in default values.



	
Economically active people—They represent a part of the population or the number of people who are able to work in a group from 15 to 64 years.



	
Robotics—Introduction of a given number of automation machines into the industry.








Storage facilities in the form of industries (services, industry and agriculture) and high-tech sectors are also shown in the model.



The subsequent flows and quantities are used in the model:



Increase (% population growth in the Czech Republic since 2013), mortality (% population mortality in the Czech Republic since 2013), workers (number of economically active inhabitants), increase in robotics (increasing automation and modernization in sectors) and increase in employees (distribution of able-bodied into individual sectors).



The STELLA program was used in order to create this model. The model itself was visually very extensive, so it is not mentioned in the article.



The outputs are presented in the form of graphs, which clearly visualize the prediction of HR allocation in national economic sectors and the growing number of employees in high-tech sectors of industry and services. The definition and boundaries of the high-tech sector are based on the definition used by CZSO [8], which also follows the Eurostat methodology [24].



Most of these data are obtained by the Czech Statistical Office through a combination of exhaustive and sample survey methods. The survey is carried out by the Czech Statistical Office once a year in accordance with approved regulations (293/2019 Sb. Decree on the Program of Statistical Surveys for 2020, 2019), using electronic or paper forms. The structured data are subsequently published in cooperation with the Ministry of Industry and Trade of the Czech Republic [25,26] (The Ministry of Industry and Trade of the Czech Republic, 2018b, 2018a).




4. Results


The following graphs (Figure 2 and Figure 3) depict a forecast of how the number of workers in economic sectors is going to change over time, without the commencement of high-tech industries and the subsequent comparison of the number of workers with the onset of high-tech industries.



The graphs show how the expected situation is going to be, and so they predict that the number of employees in the national economy will be decreasing.



However, the agriculture sector will experience the most significant downfall. In other national economic sectors, or in other words services and industry, the number of workers will keep descending in about the same way. Although it is shown that the number of workers in high-tech sectors is increasing noticeably, this will compensate for the loss of jobs in other sectors.



The following figure (Figure 4) shows the economically active people, the number of employees since the year 2013 onwards, and the subsequent prediction without considering the emergence of high-tech sectors.



Figure 5 shows economically active people and the number of employees from the year 2013 with subsequent prediction until 2050 after setting up high-tech sectors.



The next figure (Figure 6) shows how much European countries invested in ICT in the years 2008 and 2018 in terms of percentage of their GDP.



As we can see, the Czech Republic is among the leading countries in the amount of investment in ICT with respect to the GDP and proportionally has more investment than the European Union (EU28) [27]. Another interesting thing that we can notice here is the fact that the Czech Republic has increased its investment in ICT from 2008 to 2018.




5. Discussion and Conclusions


According to Eurostat (2018), the industrial sector in the EU-28 employed 35 million individuals, which corresponds to 15.4% of total employment in the year 2017 [24]. Out of this number, 2.4 million individuals were employed in the high-tech industry, which is 1.1% of the total employment, and the high-tech services sector accounted for three times that number, which is 3.0% of the total employment. The Czech Republic most specifically is on an average level in terms of employment in the high-tech sector. Its total employment in this area is 4.6% (services 3.0% and high-tech industry 1.6%). Developed countries such as Ireland (5.4), Finland (4.7%), Estonia (4.5%) and Sweden (4.4%) showed a large difference in comparison with other countries in terms of services [28]. The smallest values were observed in Greece (2.0%) and Lithuania (2.1%), and solely, Turkey recorded a value of less than 1%. Speaking of the largest total employment in high-tech sectors, Ireland was recorded with an overall employment rate of 8.5%. Slovakia, on the other hand, appears to have a significantly lower number, with a rate of 3.1% of total employment in high-tech sectors.



Since the creation of Information and communication technologies (ICT), the economies of countries everywhere in the world have increased intensely as companies are able to compete on a global scale to seize opportunities [12]. Thanks to information and communication technology, ideal sectoral outputs are guaranteed with a decrease in the human interface of a production line, which is called “smart production” [29]. From a HR point of view, a major restructuring of work will be happening [30]. Trends of the onset of I 4.0 are already coming out with increasing intensity. ICT technologies and digitization are not only penetrating into all economic activities but also into the everyday life of society. In this context, both the scope and structure of employment are currently changing and will also continue to change significantly in the future. New professions are continuously being born, and this will continue happening; some professions will face changes in the requirements in terms of the knowledge and skills necessary for their performance, and other professions will disappear completely. Expenditures of the European countries in technologies (for example, investment in ICT, Figure 6) have an increasing trend, and this is a valid argument that recommendations are needed to be developed on the choice of an effective strategy of the human resources management with the implementation of Industry 4.0 technologies.



The concept of future development may not be possible to be accurately predicted or generalized. Nevertheless, it is necessary to keep in mind that a given problem must always be placed in a specific context and then solved in regard to other factors. The basis of successful adaptation to changes in the context of I 4.0 is a proactive approach. In brief, the main aim of this contribution is to shed light on the development of employment in the high-tech services sector and to demonstrate that it will have an increasing tendency.
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Figure 1. Total employment in the high-tech sector in the Czech Republic (in thousands). 
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Figure 2. National economic sectors and high-tech sectors (year 2020). 
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Figure 3. National economic sectors and high-tech sectors (year 2041—prediction). 
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Figure 4. Economically active people and the number of working without the start of high-tech sectors (year 2018). 
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Figure 5. Economically active people and number of working people with high-tech sectors (year 2020). 
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Figure 6. ICT investment (% of GDP, *or the nearest available year). 
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Table 1. Structure of employment in the period 2017–2018 by sector.
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Employment in the National Economy

	
2017

	
2018

	
Difference 2018–2017 (In Thousands)

	
Index 2018/2017 (%)




	
In Thousands

	
%

	
In Thousands

	
%






	
Total

	
5221.6

	
100. 0

	
5293.8

	
100.0

	
72.2

	
100.0




	
Primary sector (I)

	
146.3

	
2.8

	
148.3

	
2.8

	
2.0

	
101.4




	
Secondary sector (II)

	
1986.9

	
38.1

	
1984.9

	
37.5

	
−1.9

	
99.9




	
Of that in construction

	
391.9

	
7.5

	
384.0

	
7.3

	
−7.9

	
98.0




	
Tertiary sector (III)

	
3087.5

	
59.1

	
3160.3

	
59.7

	
72.8

	
102.4
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