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Republic; marikova@ef.jcu.cz (M.M.); rehor@ef.jcu.cz (P.Ř.); rolinek@ef.jcu.cz (L.R.); tousek@ef.jcu.cz (R.T.)
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Abstract: Industry 4.0 is related to major changes, particularly in production. As such changes
might have major implications for the labour market; the paper focuses on the assumptions of the
human capital and its preparedness for Industry 4.0 in the Czech Republic. The findings are based
on EUROSTAT, MEYS, OECD, ISCED, CZSO, and WEF. Based on such data, twelve indicators were
selected and described in the results. Subsequently, the correlation analysis was carried out, using
the data of the Czech Republic in order to estimate which indicators are related and thus to obtain
a more detailed view of areas that need to be improved. The level of computer skills in the Czech
Republic are increasing. Internet connection is around 80%. The share of technical workers in the
Czech Republic is in the range of 30–40%. In terms of expenditure on education, the Czech Republic
belongs to the countries of the eastern region. The number of graduates of technical professions
managed to catch up with the development of the European Union (EU). In terms of employment in
High-tech and Medium-high-tech areas, the Czech Republic is one of the leaders in the EU. Czech
students have great potential in basic computer skills.

Keywords: Industry 4.0; readiness; preparedness; human resources; competences; Czech Republic;
EU; computer skills; lifelong learning; employees in ICT; education level

1. Introduction

Each period is related to something new, that people have been working on for a long time and
that might be called a revolution. It brings major changes especially in production, where robots
are introduced, digitized and automated. These changes can have major implications for the labour
market, so this paper focuses precisely on the assumptions of the human capital and its preparedness
for Industry 4.0. At present, whole national economies and, above all, industries are undergoing major
changes caused by the introduction of information technology, cyber-physical systems, and artificial
intelligence systems in production, services and all sectors of the economy. Such changes and their
impact are so significant that they are defined as Industry 4.0.

The aim of this paper is to describe the human resources prerequisites for the implementation
of Industry 4.0 in the Czech Republic and to find out the links between the factors so that the Czech
Republic can improve the areas in which it lags behind. On the basis of data analysis of European
Union (EU) states, the authors try to identify areas where it is possible to increase the level of human
capital quality so that it is better prepared for the introduction of Industry 4.0.

The percentage of industry (excluding electricity, mining and quarrying) in the Czech Republic is
24%, making it one of the countries that is the most dependent on industry. Dependence on industry
has changed significantly in 10 years in some countries, with an increase in Poland (2%) and Germany
(1%) only; Great Britain and France, on the other hand, reported the most significant decline.

As part of a study on the need for the introduction of Industry 4.0 in the European Union, a
study was undertaken showing the preparedness of different EU states based on an index including
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production process intensity, degree of automation, worker readiness, innovation intensity, industry
openness, innovation network and internet use in the enterprises. The Czech Republic, together with
Hungary and Slovakia, are the states with a traditionally high level of industry within the national
economy. In contrast, Germany, Ireland, and Austria for example, are the states with a high traditional
rate of economy, but also readiness in relation to Industry 4.0. There is quite a large group of states
with great potential for industry, such as France, Finland, Belgium and Denmark. At last, there are
indecisive and hesitating states with not very high share of industry in GDP and low readiness index at
the same time. Those are mostly the countries of southern Europe, together with Estonia, for example.

2. Theoretical Background

Industry 4.0 understands Maskuriy et al. [1] as a brand new philosophy that brings social change
and affects areas ranging from safety, education, science, labour market and welfare systems. This view
extends Zambon et al. [2] with the impact of devices and functions being addressed as services that
constantly communicate with each other, achieving the high level of coordination and competitiveness
mentioned by Mehrpouya et al. [3] in terms of optimizing work. Developed countries dealing with
support and systemic changes to use the most of the opportunities of such major changes, avoiding the
risks involved [4]. The Czech Republic also needs to respond to these trends and remain Europe’s
competitive economy. It is important to realize that the changes that the industrial revolution is bringing
to a major impact on employment and labour productivity, thus affecting the entire development of
society, may be particularly at risk for less qualified individuals, but on the contrary they may bring
new job qualification requirements. Retraining and further education will be a necessity for those who
will still want to be successful in society [5].

Industry plays a key role in the European Union economy, representing 15% of value added
(compared to 12% in the US). It serves as a major driver of research, innovation, productivity, job
creation and exports. Due to its impact on services, industry is regarded as the main social and
economic strength of Europe.

European industry has lost much production and many jobs since the last decade and is facing
tougher competition of the emerging countries. The EU is quite diverse in this sense, while the German
and Eastern European industry is gaining market share and its productivity is growing rapidly; the
other EU countries are more likely to deindustrialize [6]. The Czech Republic, together with Hungary
and Slovakia, are the countries with a traditionally increased industry participation in the national
economy [7]. Industry in the Czech Republic is the driver of the Czech economy—its importance for
maintaining competitiveness in Europe and globally through Industry 4.0 is vital [8].

As reported by the above, the position of the Czech Republic is rather good due to the traditionally
very high share of industry in GDP, used to increase readiness for Industry 4.0 and thus achieve
sufficient competitive advantage within the region [7]. It is not easy to define Industry 4.0., as different
authors define the term differently, so it is worth mentioning the most important characteristics of
Industry 4.0—Smart Robots and Machines, Big Data, Factory 4.0., New Quality Connections, Energy
and Decentralization [6,9,10]. From the economic perspective, i4.0 aims at cost and risk reductions,
performance improvements and flexibility [11,12] increased productivity [13,14], virtualization of the
process and supply-chain, mass customization [15], individualization of demand or batch size one [16],
creating resilient industries [17,18].

As Industry 4.0 introduces systems of greater complexity due to the automation and interconnection
of all its elements, organizational and process understanding will be included into core qualifications
of industrial workers [19], meaning the ability to recognize elements of the whole production system,
identification of system boundaries [20], understanding of functions and relations within the system
and thus the ability to predict systems behaviour [21]. Industry 4.0 therefore also requires new skills
of the engineers to work across disciplines in order to enable these massive digital changes [22].
Small-medium enterprises (SMEs) will have difficulties transforming successfully to digital production.
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There might be several reasons; lack of investment, mismatch of required employee profile and the
reluctance to change.

The Table 1 below shows additional qualifications and skills for future challenges in the Industry
4.0 manufacturing environment. The skills are divided into personal and technical, classified into
“must have skills”, “should have skills” and “can have skills”. Such skills, arising as a result of the
digitization trend, show clear similarities to past trends, such as electrification and automation, and
the significant socio-economic impacts are also indicated [23–26].

Table 1. Classification of necessary skills and abilities for Industry 4.0.

Must Have Should Have Can Have

Technical

IT skills Knowledge management Programming
Ability to process and

analyze data
Interdisciplinary general knowledge

of technologies
Specialized knowledge

of technology

Knowledge of statistics Awareness of data protection and IT
security

Knowledge of
ergonometry

Organizational and
procedural awareness

Specialized knowledge of
production and processes Legislative awareness

Ability to use the latest
devices

Personal

Self and Time
management Belief in new technologies

Adaptability to change

Lifelong learningTeamwork
Social skills

Communication skills

Education and further professional development are also important key factors for achieving
Industry 4.0 goals, significantly changing employees’ work skills. As a result, partnerships between
business and higher education institutions might become even more important in the future. It will
be important to open up access to scientific and engineering studies and place more emphasis on
transferable skills and skills assessment [27]. There are several initiatives to deal with this lack of
new knowledge and skills between the academic and industrial world. As an example, Academy
Cube [17] and eSkills for Jobs 2016, an initiative of the European Commission [28]. According to
the report by Reference [29], current employees do not have the required skills for industry 4.0. It is
necessary to realize that many jobs will be lost, but on the other hand new ones will be created in other
areas [30]. These new opportunities however most probably will demand workers that are highly
skilled, innovative and dynamic [31], with a preference for the employees with high IT competence
that have a good understanding of practical, engineering and programming skills [29,30].

Regarding the human role in industry 4.0 in general, the requirements for professional, social, and
personal competences will increase. Such competences are classified by Dombrowski [32] into:

• Professional (problem solving, decisiveness, wide range of expertise, interdisciplinary approach);
• Personal (responsibility, systematic thinking);
• Social (communication skills, adaptability).

In order to succeed in the Fourth Industrial Revolution, manufacturing sector enterprises need to
prepare their employees for the following competencies—using new methods and technologies that
will be key elements of industrial work 4.0, improving new forms of organizational structures related
to processes and personnel issues, enabling new human role in production processes [33]. The holistic
method for managing human resources for Industry 4.0 lists four required employee competencies that
are technical, methodological, social and personal competencies [34]. The topic of human resources
readiness for Industry 4.0 is not discussed in the literature, therefore it was also chosen for the needs of
this article, which compares it at the national level of individual European countries.
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3. Materials and Methods

The aim of this paper is to describe the human resources prerequisites for the implementation
of Industry 4.0 in the Czech Republic and to find out the links between the factors so that the
Czech Republic can improve the areas in which it lags behind. The following sources of data are
used—Statistical Office of the European Union [35], Ministry of Education, Youth and Sports of the
Czech Republic [36], Organization for Economic Cooperation and Development [37], International
Standard Classification of Education [38], Czech Statistical Office [39], World Economic Forum [40].
Such data sources are used as they are primarily the aggregate data of different European regions,
therefore it would be very difficult to carry out independent research. The data from these sources
were combined into 12 main indicators, as described in the results. An issue related to such databases
and authorities is the very lengthy publication of data; therefore, although data were collected at the
end of 2018, some indicators failed to obtain data later than 2015.

Subsequently, a correlation analysis was carried out for data from the Czech Republic in order to
estimate which indicators were related and obtain a more detailed view of the main areas that need to
be improved in the Czech Republic to improve the introduction of Industry 4.0 into the enterprises.

Statistical Methods

Pearson and Spearman correlation coefficients were used to assess the relationship between the
factors affecting the preparedness of the Czech Republic for Industry 4.0 in the area of human resources
and to compare the dependence of different indicators predicting better adaptability of human capital
to the advent of new technologies and systems, assuming data normality.

The data analysis always suggests the null hypothesis H0, which claims that the factors do not
correspond to each other and an alternative hypothesis that the former has an influence on the latter.

Hypothesis 0 (H0): ρ (X, Y) = 0.

Hypothesis 1 (H1): ρ (X, Y) , 0.

The data were compared with the European Union average and the best and worst countries in
the indicator were highlighted. In order to use the Pearson correlation coefficient, it was first necessary
to verify the normality of both variables [41,42]. To verify the (one-dimensional) normality (1) the
histograms of the Shapiro-Wilko test (p = value) were used followed by the Q–Q plots. Subsequently,
the data were analyzed using Pearson correlation coefficient (2) [43].

R =
r

√

1− r2

√

n− 2 [41] (1)

r =

∑
(xi − x)(yi − y)√∑
(xi − x)2∑(yi − y)2

=
Sxy

SxSy
[43]. (2)

Subsequently, for the sake of clarity, the results are summarized in graphs; their interdependencies
were statistically compared using Statistica 12.

4. Results

Human resources, their readiness, the ability to learn new things, all are key factors in the success
of introducing Industry 4.0 into businesses. The document, Human Resources Quality, describes
and evaluates several indicators in the following areas—qualifications and skills of the population,
participation in education, expenditure on education, human resources for the development of
technology and knowledge intensive industries. All indicators contain a time series of values, a
detailed description of the methodology and an evaluation of the Czech Republic and its position
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within the European Union. The prerequisites for successful implementation in the Czech Republic are
the following [44]:

• Structure of the population by education level
• Level of computer skills
• Availability and use of the Internet
• Population flexibility and adaptability
• Share of technical workers and experts in employment
• Lifelong learning
• Mobility of students in tertiary education
• Education expenditure
• Number of technical and natural science graduates
• Number of employees in ICT
• Employment in high-tech, medium-high-tech and knowledge intensive sectors
• Use of computers by students

All the above indicators are compared with sample states of the European Union, so that it is clear
what is the main competitiveness in the area of human resources of the Czech Republic. The data of
the Czech Republic are compared with the European average (EU 28), and with the neighbour states.

4.1. Structure of the Population by Education Level

The ISCED (International Standard Classification of Education) indicator shows the level of
education of the population aged 24 to 64 years [36–38]. The data are classified using the ISCED
methodology (0–8), with level 0–2 as the population without education, with primary education
and lower secondary education (most often the primary education in the Czech Republic); ISCED
level 3–4 as the education at the upper-secondary and post-secondary level (such as a school-leaving
certificate, apprenticeship certificate and vocational schools); and ISCED 5–8 as tertiary education,
tertiary vocational schools, bachelor and master forms of study and higher education.

From 2000 to 2015, there was a significant increase in tertiary education at the expense of primary
and secondary education. Such a trend also showed in other EU countries. The biggest increase began
in 2010. This trend introduced a growing shortage of unskilled and low-skilled labour. The share of
educational level in the EU population varies considerably. The situation in 2015 is shown in Figure 1.
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Figure 1. Share of educational attainment of population aged 25–64 in selected countries in 2015.

Compared to the European average, there are approximately 25% more employees with a
secondary school-leaving certificate in the Czech Republic. Compared to other European Union
states, there is also a lower share of low-skilled employees in the Czech Republic, amounting to 6.9%,
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compared to the European average of 23.6%, similar to the Slovak Republic. The Czech Republic also
reports a lower level of higher education, 8% below the EU average. Comparing the states with the
highest share of employees at ISCED 5–8 level, Ireland reports 42.6%, and on the other hand, Romania
is 17.1%. Austria and Germany also report a level higher than the Czech Republic.

To increase competitiveness in the upcoming phase of Industry 4.0, favoring knowledge-based
employees, there is a priority of increasing ISCED levels 5–8. Although the Czech Republic has
achieved primacy in terms of secondary education and is still below the European average for tertiary
education. It is one of the priorities not to increase the capacity of higher education institutions, but
rather to focus on their improvement and the structure of study programs [35–38].

4.2. Level of Computer Skills

Information technology in Industry 4.0 will play a crucial role in the employability of people in the
labour market. Computer skills are nowadays indispensable in terms of both personal and professional
life. The level of such skills depends primarily on the age of the person, the economic level of the state,
often associated to the household equipment (income, education) and Internet access. Household
equipment is often enough to substitute sufficient ICT in public areas (libraries, municipalities, schools).
These skills are measured in the population aged 16–74 and represent a series of computer-related
actions. Overall, the level is divided into three categories.

The level of computer skills in the Czech Republic increases, with the greatest progress made
between 2009 and 2011, when the proportion of users with zero knowledge decreased by almost 12%.
However, it should be noted that there are still about 30% of the population who do not have any
computer skills as you can see in Table 2.

Table 2. Share of computer skills in 2015 in population in selected countries.

Level of Computer Skills

None Low Medium High

Austria 22 15 29 34
Slovakia 23 20 32 25

Czech Republic 32 18 23 27
EU 30 15 26 29

Germany 21 18 31 30
Bulgaria 48 16 21 15
Finland 14 13 27 46

In terms of computer literacy, the Czech Republic is still 2% below the European average and
lags behind the other countries headed by Finland (46%) as seen in Table 2. The lowest-level countries
include Bulgaria, with almost half of the population without computer skills. In terms of these statistics,
the difference between the Czech Republic and, for example, Austria and Germany is not so striking.
However, in terms of competences and competitiveness in the labour market, the workers with a high
level of computer skills will be preferred in the future [35–38].

4.3. Availability and Use of the Internet

The Internet in today’s, and probably the future, world will increasingly affect both economic and
social growth. At the same time, it is one of the most important prerequisites for the introduction of
Industry 4.0. This indicator is often associated with previous levels of computer skills, and it plays
a very important role in national statistics. Nowadays, ICT competences, including the use of the
Internet belongs, are ranked among the levels of traditional literacy represented by reading, writing,
mathematics and basic knowledge of primary sciences as seen by the previous generations.
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This indicator expresses the proportion of the population in sample states, aged 16–74, who on
average used the Internet at least once a week during the last three months before the statistical survey,
wherever they were.

The Czech Republic recorded the biggest shift in terms of Internet use between 2005 and 2007,
where the number of people using the Internet doubled. At present, the Czech Republic, like other EU
countries, reaches around 80%, with Luxembourg (93%), Denmark (92%) and Scandinavian countries
as the most connected, see Figure 2.
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Figure 2. Internet availability in selected countries in 2003–2015 in relative terms per capita.

On the other hand, countries such as Bulgaria (54%), Romania (55%) and Greece (59%) are in the
worst position. In the future, only a very slight increase is expected. In terms of the introduction of
Industry 4.0 prepared states will differ from the unprepared mainly by the Internet coverage and its
speed and stability of the connection, for which it is necessary to get ready [35–38].

4.4. Population Flexibility and Adaptability

People’s flexibility in the labour market plays an important role in employment, job change and
the search for the right job. In general, flexibility is based on many factors including motivation,
attitude, experience, education, family, value ranking, affordability of housing and others [27]. From
the economic point of view, it is a very positive phenomenon, promoting economic growth; for this
reason, it is considered a suitable prerequisite for the introduction of Industry 4.0. Most EU states
strive to find a balance, on the one hand, trying to protect employees from redundancy on the one hand
and, on the other hand, trying to allow companies to respond flexibly to market and demand changes.

The evaluation is based on a questionnaire survey supported by the OECD on a representative
sample of approximately 4,000 people from each EU Member State. Subsequent data are adjusted
based on the strictness of national legislation on employment protection [37] to the 10-degree scale,
with 10 as the highest possible flexibility.

Most countries reported values similar to the European Union average (6) over 14 years, with the
Czech Republic reporting an upward trend over the past three years. In terms of flexibility, Ireland is
traditionally the best, as opposed to, for example, France, differing from the rest of Western Europe in
recent years. In general, this trend is criticized by a number of experts who claim to be influenced by
the economic situation of the country and thus by the current labour market supply [35–38].
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4.5. Share of Technical Workers and Experts in Employment

Regarding Industry 4.0 preparedness, the employees with higher qualification requirements are
more important in the overall employment. They are expected to benefit more from new technologies
and innovations. Also their ability to establish their profession for the needs of Industry 4.0 is
significantly greater.

The classification of employees in these areas is based on the Canberra Manual [28], which defines
the bearers of technological progress (experts) and executors of technical progress (technicians). The
generally positive trend of increasing the share of technical workers and experts is seen as a gradual
transition to the knowledge economy.

It includes the employees in ISCO-08 positions. Previously, the KZAM-R category of employment
in the Czech Republic was used, similar to this classification, but due to greater uniformity in EU
countries, CZ-ISCO is used since 2011 which is identical as ISCO-08. It includes the employees from
the second (scientific and professional mental employees) and the third class (technical, medical,
pedagogical employees and employees in related fields).

Most countries, together with the Czech Republic, range between 30–40% of total employment
in these fields. The Czech Republic recorded a decline between 2010 and 2011 due to the change
from KZAM-R to CZ-ISCO and thus to a change in the methodology of staffing. Traditionally, the
worst situation is in Romania, Bulgaria and Greece, where the proportion is 20%. On the other hand,
Luxembourg, Sweden, and Denmark, for example, are above average, where in all these cases the
share of technical professions and experts in total employment is more than 40%.

From the point of view of development, there is a slight increase in all EU countries, the countries
with the highest percentage increase per year include Portugal (+9%), Great Britain (+8.8%). On the
other hand, Slovakia recorded a gradual decline. It dropped by 5% during the last five years [35–38].

4.6. Lifelong Learning

Employee requirements are constantly changing and evolving. As an example, the computer
skills were an advantage for a job for many years; however nowadays such skills are a necessity. For
this reason, the employees’ efforts for their continuous education are important. The participation of
the adult population in education represents to some extent the preparedness of 25+ employees for the
new Industry 4.0 era, increases their competitiveness in the labour market and, last but not least, it
develops the company. The information gathered in schools, now more than ever, is outdated and
needs to be updated.

Lifelong learning is linked to the introduction of diversified pathways that will enable education
of different age and social groups. Schools, and also businesses, municipalities, libraries, interest and
professional organizations play an important role. The importance of this index is also evidenced by its
inclusion in the Lisbon Strategy, where the EU goal is for each member country to have a higher share
of the population (25–64 years) than 12.5%. The information presented represents the proportion of the
population (25–64 years) involved in formal (intent to obtain a certificate) and non-formal education
(intent to educate) in last four months. This data does not include information learning, which is the
acquisition of competences during everyday work. The Czech Republic almost reached the EU average
during eight years, which is still behind the set target of 12.5% by 1.7%. Traditionally, the Nordic
countries, with Denmark (32%), are in the best position, see Table 3.
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Table 3. Percentage of population (25–64 years) participating in education (%) in 2002–2015.

Czech Republic Germany Slovakia Austria EU Denmark Bulgaria

2002 5.6 5.8 8.5 7.5 7.1 18 1.2
2003 5.1 6 3.7 8.6 8.4 24.2 1.3
2004 5.8 7.4 4.3 11.6 9.1 25.6 1.3
2005 5.6 7.7 4.6 12.9 9.6 27.4 1.3
2006 5.6 7.5 4.1 13.1 9.5 29.2 1.3
2007 5.7 7.8 3.9 12.8 9.3 29 1.3
2008 7.8 7.9 3.3 13.2 9.3 29.9 1.4
2009 6.8 7.8 2.8 13.8 9.3 31.2 1.4
2010 7.5 7.7 2.8 13.8 9.1 32.5 1.2
2011 11.4 7.8 3.9 13.4 8.9 32.3 1.3
2012 10.8 7.9 3.1 14.1 9 31.6 1.5
2013 9.7 7.8 2.9 14 10.5 31.4 1.7
2014 9.3 7.9 3 14.2 10.7 31.7 1.8
2015 9.4 7.8 3 14.4 10.8 32 2

Regarding Czech neighbors and major competitors, Austria (14.4%) is much better. In general,
participation in lifelong learning is much more popular among people with tertiary education, where
their willingness to learn and at the same time the increasing demands for occupational positions are
expected. The worst states are Bulgaria, Romania, Croatia, and Slovakia [35–38].

4.7. Mobility of Students in Tertiary Education

Mobility of students is generally seen as positive; it represents the transfer and development of
knowledge and experience for students, increases their flexibility, and deepens their language and
cultural knowledge. However, this effect is only positive if these students return to their home country
again. Unfortunately, in many cases, this is not the case for countries predominantly in the Eastern
European region and there is an outflow of intelligence with all the negative economic and social
consequences. In all these examples, however, it is important to mention the motives that are always
positive from the perspective of EU development, such as technical progress, overcoming cultural
differences, and a desire for international experience.

The aggregate figure is obtained on the basis of three different indicators. These are outgoing
mobility rate, incoming mobility rate and number of foreign students. A positive development in the
Czech Republic between 2002 and 2015 needs to be mentioned; there was a permanently upward trend.
Overall, the trend of development in almost all EU Member States is positive, with very little shifts in
the UK, for example, where, although students have a very good financial background, they do not use
mobility. The limiting factor, as mentioned, is for many countries the lower economic level in families,
as they are often burdened with the mobility of their children. A very positive trend is observed,
for example, in Slovakia, where the percentage of students using mobility is around 15%, which is
almost 12% more than in the Czech Republic. The leaders in student mobility include Luxembourg
(70%) [35–38].

4.8. Education Expenditure

Education plays a primary role in terms of competitiveness in the labour market and also in terms
of population preparedness for Industry 4.0. It can also be argued that there is a direct correlation
between expenditure on education and population education. The indicator of total expenditure per
student is expressed on the basis of data obtained representing expenditure on educational institutions
(public, private, foreign funds), and the sum of current and investment expenditure. All volume is
subsequently converted into purchasing power standard (PPS) through purchasing power parity in
order to eliminate differences in purchasing power of national currencies. All forms of study are
included in the number of students.
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Expenditure on education in the Czech Republic is increasing steadily; it is also necessary to take
into account the rate of inflation, slightly distorting because of the chosen consumer basket (energy).
Traditionally, the largest expenditures are related to tertiary education at universities. Currently, there
are proportional differences between the levels of education by 1900 PPS. In terms of the EU Member
States, the Czech Republic is still below the European average. The countries with the lowest share of
expenditure on education include Bulgaria and Romania where the total expenditure is only about
9700 PPS. There is a striking difference between these states and the Nordic countries of Europe, where
the expenditure reaches up to 33,000 PPS (Denmark, Sweden). Similarly, to Slovakia, Estonia and
Poland, the Czech Republic belongs to countries with expenditures below 20,000 PPS such as the
countries in the eastern region. There is a need to put more emphasis on education spending, as its
development and timeliness can play a crucial role in the graduates’ readiness for the new requirements
of the labour market associated with Industry 4.0, where the Czech Republic should measure and be
competitive with Austria and Germany, to which it currently loses about 13,400 PPS and 10,800 PPS.

4.9. Number of Technical and Natural Science Graduates

Graduates of technical universities represent the greatest potential in terms of new innovations,
increasing competitiveness and ensuring the country’s economic growth; in this respect, they play an
irreplaceable role in terms of introducing Industry 4.0 into production, services and everyday life. The
indicator itself also needs to take into account the outflow of such educated workforce abroad, this
effect is currently being mitigated by the Czech Republic as much as possible and, thanks to improving
working conditions, to reduce the migration of tertiary educated workforce.

The methodology according to Reference [38] is used. Generally, the indicator expresses the share
of graduates of the universities per thousand inhabitants aged 20–29, this age is taken as the range for
completing tertiary education.

The Czech Republic succeeded in catching up with the trend of European Union development
around 2008, reaching approximately 15 graduates per 1000 inhabitants of an appropriate age group.
The number of these graduates has almost tripled in the last 12 years, but it should be added that their
share of the total number of university graduates has been gradually decreasing, while students prefer
humanities, although their employment in the labour market continues to decline. In terms of this
trend, the Czech Republic reaches the same level as Austria and Germany, but it should be noted that
for the Czech Republic these fields are historically a priority. Cyprus and the Netherlands and Malta
report the lowest levels, while Lithuania, France and Ireland are surprisingly the leaders, with the best
results in terms of preparedness for the upcoming Industry 4.0.

From a practical point of view, it is important not to emphasize only a high number of the
graduates, but also their high quality. For this reason, it is always necessary to take into account
the availability of education, the number of students admitted, the success of studies, the interest in
studying and the quality of teachers.

4.10. Number of Employees in ICT

Information technology is playing an increasingly important role in employment, and it will not
be possible to switch to Industry 4.0 without a sufficiently broad and high-quality employment base.
In terms of methodology, the ICT sector is defined in the area of manufacturing industry and services
according to the International Standard Industry Classification [45].

Within the Czech Republic there is a noticeable decrease in ICT workers between 2010 and 2011,
not caused by the outflow of labour, but by a change in methodology where the International Standard
Classification of Occupation in section ISCO-88 was used until 2010.

In 2011, the ISCO-08 standard started to be used, in line with the OECD Guidance on Measuring
the Digital Economy: A New Perspective [37].

Regarding the European Union, the share of these employees has risen slightly above 3% to 3.4%
since 2011. On the other hand, Slovakia, which is 1% below the European average in terms of ICT
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employees, reported a steady decline. Ireland is the worst member of the EU, which, like the Czech
Republic, experienced a significant decline between 2010 and 2011 due to a change in methodology
that takes into account more new IT technologies. On the other hand, Finland is best prepared for
new technologies and thus also for new technologies in ICT, where there is a perceptible growth in the
share of ICT employees (6.3%) in the total.

4.11. Employment in High-Tech, Medium-High-Tech and Knowledge Intensive Sectors

In terms of the future development of the state’s economy, human activities in the high- and
medium-technology-intensive sectors in manufacturing and in services in knowledge-intensive sectors
play an increasingly important role. These activities are usually monitored as a share of value added,
exports and total employment in different countries.

In terms of the total sum of High-tech and Medium-high-tech, the Czech Republic ranks among
the leaders in the European Union (approximately 6%). Similar to the Czech Republic, Germany
and Slovakia, as an example, are in the same position see Figure 3. On the other hand, countries
such as Greece, Cyprus, Latvia and Lithuania are the worst. None of the above mentioned countries
has a share of 2% of total employment. In terms of trend development, it is necessary to mention
the gradual growth in these sectors in the Czech Republic, which is mainly the development of
Medium-High-tech industry.
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Figure 3. Employment in High-tech and Medium-high-tech sectors in 2015 in selected European Union
(EU) countries.

The Czech Republic, with an employment share of 1.6% in High-tech and 9.4% in
Medium-High-tech, is among the European leaders, see Figure 3. Ireland has the highest share
of High-tech compared to Medium-high-tech in the European Union, with High-tech reaching
approximately twice that of most EU countries. In addition to Ireland, Malta, Denmark and Hungary
also have a high share of high-tech employment. In terms of Industry 4.0, the Czech Republic is very
well focused on key areas of industry. Therefore, it is necessary to take advantage of this traditional
advantage, to support it by developing knowledge in ICT and a sufficient number of suitable technically
proficient graduates.

4.12. Use of Computers by Students

Future economic developments will increasingly be linked to the use of computers and the ability
of individuals to handle and use them. Therefore, these competencies need to be developed by potential
employees during their studies. The following chart shows the percentage of students (secondary
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schools) using a computer at least one hour per week to play games (not so important in terms of IT
competence) and at least one hour per week to search and retrieve information.

The percentages of students (secondary schools) using a computer at least one hour per week to
play games (not as important in terms of IT competence) and at least one hour per week to search and
retrieve information are compared.

The Czech Republic has great potential for students in terms of basic computer competencies that
will need to be further developed and specialized in the future. It ranks second in Europe, in terms of
the percentage of students using computers to search for information on the Internet, unfortunately,
for example, towards the leading Finland, students spend more time playing games. For example,
students from Serbia play the most games (68%). In terms of comparison across the region, the Czech
Republic is better than Austria and Germany.

4.13. Statistical Analysis of Relations

Based on the data, detailed analyzes of the relations of different factors will be carried out.
A certain interconnection of the data is expected. For the sake of clarity, the complete procedure
for correlation determination is given here as an example, further results will be interpreted in the
Appendix A for better clarity and reduction of the total number of pages.

Internet accessibility and lifelong learning—example calculation. To illustrate a complete data
analysis, the factors of internet accessibility and lifelong learning were chosen as an example see
Figure 4; the other combinations of the factors are briefly summarized in the next chapter.
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Lifelong learning is a prerequisite for the development of knowledge and better preparedness of
employees for new technologies and processes. At the same time, there is a null hypothesis H0 that
claims that internet availability does not correlate with the share of lifelong learning in the population
and an alternative hypothesis that claims that internet availability affects the share of lifelong learning.

The scatter plot shows that there is a positive linear dependence between the availability of the
Internet and lifelong learning, which, according to rather high determination coefficient (R2 = 0.7366),
is considered strong. By using the availability of the Internet almost 74% of the variability in the share
of lifelong learning is explained.

Subsequently, the normality of both data groups was tested. Data were tested both visually,
using the histograms in Figure 5 and then using the Shapiro-Wilko test. As revealed by the graphical
expression of Internet use, data normality is proved, as the normality of data on the surface (p = 0.3295)
is not rejected. For lifelong learning, the normality of the data is not visually so evident, which is
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also illustrated by the level of significance (p = 0.0623), however a normal distribution is proved as it
reaches the specified level of significance of 0.05.J. Open Innov. Technol. Mark. Complex. 2020, 6, x FOR PEER REVIEW  13  of  20 
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Figure 5. (a) Data distribution among Internet users; (b) data distribution in terms of lifelong learning.

The results of the correlation of both variables are shown in Table 4. On the basis of p-value = 0.0000,
null hypothesis of independence is rejected in favor of a bilateral alternative using the Pearson coefficient
at the significance level of 0.05. The existence of a linear dependence is proved, supported by a positive
Pearson correlation coefficient of 0.8582. At the same time, in terms of the Spearman correlation, as
p-value is very close to zero and the coefficient R = 0.8587, we can tend to reject the null hypothesis in
favor of H1.

Table 4. Correlation tests.

Pearson Spearman

Variable Internet Lifelong Learning p-Value Internet Lifelong Learning p-Value

Internet 1.000 0.858
0.000

1.000 0.858
0.000Lifelong

learning
0.858 1.000 0.858 1.000

As revealed by the results, both correlation tests succeeded in rejecting null hypothesis in favour
of the alternative, demonstrating the correlation between Internet use and the percentage of the
population (25–64 years) participating in education (in %). This correlation is linear and increasing, so
it is assumed that the introduction of the Internet will have a positive impact on the development of
lifelong learning, which plays a key role in the adaptation of employees within Industry 4.0.

4.14. Other Results

The table in Appendix A summarizes the correlations of the Pearson correlation coefficient,
including p-values, at the same significance level of 0.05. Statistically significant correlations are
labelled red, with the p-value of less than 0.05. In addition to the above mentioned relation between
Internet accessibility and access to lifelong learning, there are also other links.

As seen in the tables below, significant relations between the factors are shown, a very significant
correlation includes a relation (0.956) between the share of tertiary educated and Internet availability.
It is positive and it is apparent that both factors influence each other. A similarly strong link (0.9474) is
found between the accessibility of the Internet and student mobility, possibly due to greater awareness
and sharing of experience and services offered more interest in the visits of students who subsequently
draw experience abroad. Another strong link (0.9580) is the share of tertiary educated people and the
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level of high computer knowledge, where it is evident that along with education, computer knowledge
is deepened.

In general, the availability of the Internet is positively related to most other factors, such as the
share of employees in high-tech fields (0.9105), the number of graduates in technical fields (0.9233). On
the other hand, the link with the share of employees in ICT was not proved. This may be due to the
fact that if a person intends to pursue ICT, they usually use the Internet and it is a priority for them, so
that the increase in Internet availability no longer has a major impact on this group.

On the other hand, it is difficult to explain why the relation between Internet accessibility and
population flexibility was not proved, as Internet accessibility could be expected to facilitate greater
mobility and population flexibility.

The population flexibility factor is not correlated with any other factor. Interestingly, there is no
relation with student mobility, although it could be assumed that a student who was on a long-term
study stay during their studies would be more flexible in finding work. Also specialized professions,
such as High Tech and ICT could be expected to move more often for work and thus be more flexible.

On the other hand, high computer knowledge correlates strongly with the availability of the
Internet, which is an increase in the level of IT knowledge among the population, and at the same time
there is a correlation with the share of tertiary educated people. At the same time, it was not possible
to prove a correlation with the share of technically skilled workers, when it can be assumed that these
employees already had sufficient PC knowledge before and thus their group did not increase. At the
same time, higher computer knowledge enables a better and higher quality of lifelong learning and
there is a correlation.

Positive information is related to the correlation between the number of tertiary educated and the
number of technical graduates, where the Czech Republic is expected to regain its dominant position
in terms of technical knowledge in the region. An interesting negative correlation came from the share
of ICT employees, where it can be assumed that they do not need tertiary education as in the past.
Correlations with the employees in high-tech fields also suggest such reflection.

The share of technical staff does not correlate with any factor other than the share of ICT staff.
From this fact it can be assumed that in the Czech Republic, the technical and ICT fields focus much
more often on secondary education and less on tertiary education.

Interestingly, lifelong learning has a negative correlation with the share of ICT employees, where,
on the contrary, it was assumed that the ICT employees are constantly educating and keeping up
to date with new technologies and innovations, since IT is generally seen as a rapidly changing
environment. At the same time, the relation with expenditure on tertiary education was not proved, so
it is assumed that lifelong learning is not primarily carried out by institutions, but by employers and
by the own initiative of employees. There is a strong correlation with the availability of the Internet
and computer knowledge.

Student mobility has a correlation with most factors, the strongest is the availability of the Internet,
as described above, and the share of tertiary educated with the number of graduates in technical fields.

Expenditure on tertiary education has the strongest correlation with the number of employees in
high tech fields, as it is assumed that education of such specialists will be more expensive for new
technologies. Another correlation was found with the mobility of students, where subsidies from
European and other programs abroad are often considered as costs for universities, so data may be
distorted here. At the same time, expenditure on tertiary education does not correlate with the number
of graduates of technical fields or the total proportion of technical staff, as shown in the figure below.

There is a strong correlation between the number of technical graduates and the availability of
the Internet; as is evident in general, the Internet is increasing interest in technical disciplines and
the technical professions are making greater use of the Internet, which requires high computer skills.
There was also a correlation with the share of tertiary educated and lifelong learning. On the other
hand, it was not possible to prove it among graduates of technical fields or the share of ICT employees.
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5. Discussion and Conclusions

The aim of the paper was to describe the human resources prerequisites for the implementation
of Industry 4.0 in the Czech Republic and to find out the links between the factors so that the Czech
Republic can improve the areas in which it lags behind. On the basis of data analysis of European
Union states, the authors identify areas where it is possible to increase the level of human capital
quality so that it is better prepared for the introduction of industry 4.0.

The importance of Industry 4.0 is discussed by a number of studies, such as GfK Enigma
research [46], where 82% of SMEs in Germany feel ready for digitization (on a sample of 247
enterprises). Similarly, there are 68% of the companies mentioned by Schulz [47] interviewed in
28 manufacturing enterprises whether they are using technology associated with Industry 4.0. In
another research, Kelkar [48] points out that 79% of manufacturing enterprises (any size) perceive
Industry 4.0 as very important for its development (research was conducted in 227 enterprises), as
in Computer Science Corp [49], where 63% of US manufacturing enterprises (900 in the sample)
identified Industry 4.0 as necessary for the further development. In line with these conclusions, a
study on 235 German enterprises from Price Waterhouse Coopers [50] claims that the enterprises
plan to increase digitization between 24–86% in next five years. The DIHK (Deutscher Industrie- und
Handelskammertag) study [35], which states that 94% of enterprises perceive digitization as important
for their development, is the highest. This research was carried out irrespective of the size or area of
business of 1849 German enterprises [36]. Ślusarczyk [51] carried out his research on secondary data
in US, Germany, Japan and Poland, summing up that 80% of the enterprises perceive Industry 4.0 as
very significant.

In terms of access to human resources, Industry 4.0—a revolution in work organization [38] study
in 278 enterprises, predominantly in the engineering industry, is noticeable. The study found that 54%
of the enterprises expect an increase in the number of employees after the introduction of Industry 4.0
and 26% of the enterprises expect the current number of employees to stagnate.

Gudanowska et al. [52] revealed that workers for Industry 4.0 should have a better professional
knowledge as well as technical skills. Employees should have highly developed communications skills,
be dedicated to precise task completion and be able to work autonomously as well as in a team. They
should also be open to exchange and sharing of knowledge and experience.

Below are the conclusions about the various factors influencing the successful implementation of
Industry 4.0 in the Czech Republic [53], as well as identifying areas where it is necessary to increase
the level of human capital. The problems with human resources was commented on in a survey
by one of the managers: “The biggest drawback is now employees, when the Czech Republic has
historically the lowest unemployment rate (2.6%) and we have to take everyone who has hands.” In
the long term, the Czech Republic achieves primacy in terms of secondary education [54], on the other
hand remaining below the European average for tertiary education. As reported by Čechák [55], the
lack of skilled workers, both university and secondary school students with technical specialization,
continues to grow in the Czech Republic. Now it is one of the priorities not to increase the capacity of
higher education institutions, but rather to focus on improving the quality and the structure of the
study programs. The Government of the Czech Republic responded to this situation by changing the
accreditation policy of higher education study programs with an emphasis on the quality of teaching
and science as Platonova et al. [56] mentions in the Russian case. Regarding lifelong learning, the Czech
Republic has almost reached the EU average. In general, participation in lifelong learning is much
more popular among people with tertiary education [57], as their willingness to learn and at the same
time the increasing demands for their jobs are expected [58]. The importance of employer support
in this area mentions Gudanowska et al. [52] employees should be constantly retrained. Mobility
of students is another factor that increases the maturity of human capital [59]. There was a positive
development in the Czech Republic between 2002 and 2015, with an increasing trend. Overall, the
trend of development in almost all EU Member States is positive. The limiting factor, as mentioned, is
the lower economic level in families, as they are often burdened with children’s mobility. Of course,
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investing in education is very important [60,61]. In terms of expenditure on education, the Czech
Republic ranks with expenditures below 20,000 PPS, to the countries of the eastern region. There is
a need to put more emphasis on education expenditure, as its development and urgency might be
crucial in the graduates’ readiness for the new labour market requirements associated with Industry
4.0 [62,63]. The Czech Republic should be comparable and competitive with Austria and Germany, for
which it currently loses around 13,400 PPS and 10,800 PPS. The last identified area related to education
is the number of technical graduates. The Czech Republic succeeded in catching up with the trend of
European Union development around 2008, reaching approximately 15 graduates per 1000 inhabitants
of an appropriate age group. The number of these graduates has almost tripled in the last 12 years,
but it should be noted that their share of the total number of university graduates has been gradually
decreasing, while students prefer humanities [64], although their employment in the labour market
continues to decline as Trifu [65] mentions in Romanian economy or Nemcek et al. [66] in Slovakia.
This problem is often solved by sponsoring students of Engineering programs [67].

Another area that influences the successful implementation of Industry 4.0 concerns the Internet,
its accessibility [68] and the level of computer skills [54]. Currently, the Czech Republic, similar to
other EU countries, is around 80% in terms of Internet access. The level of computer skills in the
Czech Republic is increasing, with the greatest progress between 2009 and 2011, when the proportion
of users with zero knowledge decreased by almost 12%. However, it should be noted that there
are still about 30% of the population without computer skills. In terms of computer illiteracy, the
Czech Republic is still below the European average. On the other hand, the Czech Republic has great
potential for students in terms of basic computer competencies that will need to be further developed
and specialized in the future. It ranks the second in Europe in terms of the percentage of students
using computers to search for information on the Internet, unfortunately, for example, compared to the
leading Finland, the Czech students spend more time playing games.

In terms of the total sum of High-tech and Medium-high-tech, the Czech Republic ranks among
the leaders in the European Union. In terms of the share of technical workers, it ranges 30–40% of total
employment in these fields. The Czech Republic recorded a decline between 2010 and 2011 due to
the change from using KZAM-R classification to CZ-ISCO, and thus to a change in the methodology
of staffing.

The limits of this research include the fact that national data of individual countries are always
delayed by approximately 2 years, so it is always an analysis of data that is no longer up-to-date.
Research does not include the economic situation of individual countries and market developments,
which may also have an impact on the indicators analyzed. The data used in this research are secondary
as it is not in the authors’ ability to obtain primary data to such an extent.

Future research objectives include monitoring these indicators over a longer period of time and
designing methodologies to enhance the competencies of future employees in the Industry 4.0 period.
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Appendix A

Table A1. Pearson correlation matrix.

1 2 3 4 5 6 7 8 9 10 11

1 1.0000 −0.2641 −0.2514 −0.1091 −0.3840 −0.3528 −0.2745 0.2359 −0.5241 −0.0486 −0.1044
2 −0.2641 1.0000 0.9374 0.9562 −0.2042 0.8582 0.9474 0.6838 0.9233 −0.4773 0.9105
3 −0.2514 0.9374 1.0000 0.9580 −0.3312 0.8694 0.8526 0.5081 0.8456 −0.6487 0.8209
4 −0.1091 0.9562 0.9580 1.0000 −0.3622 0.7942 0.8942 0.6742 0.7936 −0.6182 0.8852
5 −0.3840 −0.2042 −0.3312 −0.3622 1.0000 −0.4828 0.0201 −0.2229 0.0400 0.8486 −0.4491
6 −0.3528 0.8582 0.8694 0.7942 −0.4828 1.0000 0.6464 0.2732 0.8077 −0.7672 0.7943
7 −0.2745 0.9474 0.8526 0.8942 0.0201 0.6464 1.0000 0.6991 0.8928 −0.2350 0.8343
8 0.2359 0.6838 0.5081 0.6742 −0.2229 0.2732 0.6991 1.0000 0.4709 −0.1370 0.7734
9 −0.5241 0.9233 0.8456 0.7936 0.0400 0.8077 0.8928 0.4709 1.0000 −0.2955 0.7855

10 −0.0486 −0.4773 −0.6487 −0.6182 0.8486 −0.7672 −0.2350 −0.1370 −0.2955 1.0000 −0.5396
11 −0.1044 0.9105 0.8209 0.8852 −0.4491 0.7943 0.8343 0.7734 0.7855 −0.5396 1.000

p-value < α (0.05) is marked in red; Variables: 1—Population flexibility and adaptability; 2—Availability and use of the Internet; 3—Level of computer skills; 4—Structure of the population
by education level; 5—Share of technical workers and experts in employment; 6—Lifelong learning; 7—Mobility of students in tertiary education; 8—Education expenditure; 9—Number
of technical and natural science graduates; 10—Number of employees in ICT; 11—Employment in high-tech, medium-high-tech sectors.
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