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Abstract: Technological revolution brings forth major changes in the labour market as well as
the necessity to adapt to the shifting conditions on the part of both employees and entrepreneurs.
This notion fits in with the European Policy of “Lifelong Learning” which presents the necessity
to constantly improve skills and participate in the process of learning through the entire period of
professional engagement. The aim of the article is to diagnose the current situation in the labour
market and expectations towards employees as a result of the technological revolution and digitization,
and to analyze whether there are groups of countries in the EU with similar features describing
the labour market and to present the differences between these groups. The study uses research
methods based on literature research, content analysis and comparative analysis, and the empirical
part uses cluster analysis—the Ward method, using secondary statistical data from the Eurostat
database. It was verified which groups of the Member States exhibited similarities to the extent
of: forms of employment; work productivity; commitment of entrepreneurs and employees to the
process of continuing vocational training (CVT) and lifelong learning; educating future employees
of the economy at the level of higher education (HE) in STEM fields and development of digital
skills as well as commitment of governments of each EU Member State to financing research and
development in higher education institutions (HEIs). It may be ascertained that the average values of
variables describing the pattern followed by “new” Member States which joined the EU in 2004 or
later are, in majority, lower than the values of the same variables describing the pattern followed by
the “old” Member States. It cannot be unambiguously stated that the affiliation with the Eurozone
in any way determined whether a given group of Member States is better or worse than the other.
The resulting figures may become significant at the stage of developing the employment policy as
well as the education policy and the professional career development policy in the respective Member
States. Those results may be applied to both evaluation and planning of actions to be taken against
the background of the development strategy in order to reduce clearly visible inequalities between
the European Union Member States.

Keywords: labour (labor) market; employment; Industry 4.0; cluster analysis; lifelong learning;
employee competences; enterprises; Continuing Vocational Training (CVT); STEM; digital skills;
precarious employment; higher education; employment policy; inequalities; Poland; European Union

1. Introduction

The interest in the issue of the current situation in the labour market in conjunction with Industry
4.0 arises from the belief that the industrial revolution will translate into a rapid increase in the efficiency
of enterprises [1,2]. The change in the activities of enterprises will be associated with significant
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transformations in the process of educating future economic staff and the development of expected
competences by employees and changes in the area of the labour market [3,4] and human resources
management [5]. It particularly applies to the role of an individual in an intelligent manufacturing
plant and the related necessary changes in employee professional qualifications and competences [6],
especially in the area of digital skills and the process of continuous professional development.

The fourth industrial revolution is a galloping development of new technologies, with increased
availability and high personalization of introduced technical solutions. These changes include digital
production, network communications, computer technologies and automation, as well as many other
areas [7]. The essence of the Industry 4.0 concept is based on a symbiosis of advanced production
techniques, and information and communication technologies (ICT) as well as the speed and quality
of the information provided [8]. The technological revolution is based on changes in the following
areas: CPS (Cyber-Physical System), Internet of Things (IoT), Internet of Services (IoS), robotics and
artificial intelligence, Big Data, cloud computing and augmented reality. They affect both products and
processes, allowing improvements in performance and productivity among companies that introduce
such technologies [9,10].

Over the past few years, digital technologies profoundly remodelled ways of doing business and
have a significant impact on building the competitive position of enterprises [11]. Not even a decade
ago, mobile devices, social networks, computing cloud or the analytical capacity of companies were
so undeveloped that few people were able to predict how deeply ingrained they would become in
business projects or entrepreneur–customer [12] and entrepreneur (owner)–employee relations [8].
ICTs are present in the modern economy in almost every sector. They become part of the daily life
of the digital society and are used, among others, in the production process, in logistics, transport,
health care, banking, and finally, in the public sector. They accompany an increasing number of people,
both in the professional and private sphere [13,14].

A major aspect is related with the process of tailoring the skills and competences of employees
required by the modern market to technological advancement. Attention should be drawn to the
competences and skills of HEIs’ graduates entering the labour market as well as current employees
(particularly in terms of digital literacy skills). Thus, the notion of lifelong learning, which is currently
gaining in importance, is still crucial. “Lifelong Learning” is important both among all employees,
regardless of age, and at every stage of professional career development and in each professional
group. It means that apart from HEIs, the significant role in the process of vocational education and
professional career development is being played by employers who provide their employees with the
career development and training opportunities.

Thus, bearing in mind the crucial importance of the human factor for the development of economic
activity, it is important to ensure employee career development opportunities through various forms
of activities. A qualified employee translates into a higher competitive position of the enterprise [15].
It is indispensable to take appropriate steps to assure continual development of human resources and
take advantage of their skills and competences. In the process of altering the employment model and
increasing labour efficiency, an employer should consider, among other factors, innovative incentive
schemes, flexible employment schemes in order to involve high-potential employees, as well as
providing employees with new career development and training opportunities [16].

The presented areas are related to challenges in the labour market, expectations towards employees,
and the possibility of continuous improvement of competences and skills by employees in the work
environment, however, in the process of training these competences at the level of higher education,
it was decided to analyze in relation to all European Union countries.

The aim of the article is to diagnose the current situation in the labour market and expectations
towards employees as a result of the technological revolution and digitization, and to analyze whether
there are groups of countries in the EU with similar features describing the labour market and to
present the differences between these groups.
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This article is based on the study of the related literature and the comparative analysis
which enabled to define variables significantly related to the situation in the labour market,
taking into account the impact of technological progress on employees and the labour market itself.
Therefore, particular attention was drawn to the aspects related to HE, digital literacy skills and the
issue of lifelong learning as factors significantly influencing work productivity. Improving employees’
competences and skills is regarded as an essential component of adapting to changing needs stemming
from technological advancement. The diagnosed variables were utilised in the empirical part of the
article to conduct the analysis of agglomerations based on Ward’s method in order to group 28 Member
States of the European Union. This approach resulted in the clusters consisting of Member States
with little variety to the extent of the assumed diagnostic characteristics within the group but proving
differences among clusters. In order to complement the research, the analysis also utilises the clustering
technique based on seniority of respective Member States in the European Union and differences
between the so called “old” and “new” Member States. Through the use of the agglomeration method,
the resulting figures enable to indicate which of the countries are faring better or worse in the areas
significant for the labour market and crucial in terms of technological advancement. Those results may
certainly be used and may become helpful in developing employment and education policies as well
as professional career development policies in respective Member States. Furthermore, the research
results may be applied to both evaluation and planning of actions to be taken against the background
of the sustainable development strategy in order to reduce clearly visible inequalities between the
Member States.

2. Literature Review

2.1. The Changes in the Labour Market

The majority of authors differentiate between the scenarios of complete automation and retaining
human control over machines [17,18]. According to the positive vision of development, the Industry
4.0 revolution provides for the opportunity of creating a new and better workplace where a man
and his or her needs matter most. In turn, the negative vision of a manufacturing plant of the future
assumes dominance of technology over man [19]. Automation will not be limited to simple and
repetitive or hazardous physical tasks but may threaten the position of numerous employees engaged
in white-collar work of intellectual, cognitive or analytical nature by taking over certain routine tasks
such as transport, office administration or follow-up or consumer services. Generally, 9% of jobs in the
OECD countries are assumed to be automated and 25% may be significantly altered as the result of
automation of 50–70% of the related tasks [20].

Boston Consulting Group indicates the employment rate will increase by 6% on the grounds
of the increasing demand for a highly qualified workforce in the engineering and automotive
industries [21]. The research indicates that the demand for highly qualified employees and
technician-specialists with competences grossly exceeding their current professional qualifications is
expected to rise [22]. Unfortunately, the future of qualified workers is uncertain [18]. The workers
performing simple manufacturing tasks are forecast to lose employment as the result of automation.
In turn, qualified employees performing complex tasks will be forced to improve their professional
qualifications [23,24]. The results of the research prove that along with the technological advancement,
low-qualified employees will be re-skilled to perform tasks which are not susceptible to automation,
i.e., tasks requiring creative and social competences. These employees will be forced to obtain creative
skills [25]. However, technological advancement may become a remedy for a shrinking labour force.
Assuming constant demand for work, robots might be able to satisfy and fill in the demand gap by
taking over burdensome, strenuous and hazardous tasks [12]. The prospective negative influence
of technology on employment may be alleviated through investing in human resources [26] and
Continuing Vocational Training of employees.
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The changes related to technological advancement primarily require enormous business maturity
on the part of entrepreneurs and extensive technological coverage. Apart from implementing
innovations and restructuring contemporary manufacturing processes, entrepreneurs have to secure
appropriate human resources in order to be prepared to face the challenge of entering the new era.
The contemporary labour market expects work autonomy as well as flexible forms of employment.
Additionally, Industry 4.0 entails the necessity for lifelong learning and improvement of professional
qualifications. The lack of professional career development may result in exclusion from the labour
market [27]. Thus, the increased emphasis on better adaptation of employees as the result of
technological advancement as well as ensuring labour market efficiency are not the only means of
addressing the challenge arising from the next industrial revolution. The prerequisite for social stability
and coherence should also be taken into account [28].

2.2. New Competences and Skills of Employees

Taking technological advancement into consideration, one must remember that new jobs will
require new competences and new skills. The combination of skills required in modern societies
becomes increasingly complex and will continue to change along with the evolution of the workplace
increasingly saturated with innovative technology. It requires development of digital literacy skills and
capacity for lifelong learning within the framework of early education in order to upskill the future
generations of staff members. For the moment the processes addressing problem solving, intuition,
creativity and persuasion are the most difficult to automate [25].

Furthermore, it bears noting that the skills required in the STEM fields (science, technology,
engineering, math) will, in the future, have to be combined with “soft” skills in the fields of, for instance,
psychology or sociology. Repetitive tasks based on performing particular sequences of actions
may be successfully completed by machines. However, machines will not substitute for creativity or
development of innovations. Machines will not replace a man in anomalous, atypical, unconventional or
specialised circumstances. Hence, the idea of isolating human capital (knowledge) as a separate
production factor. Unless the society prepares for the emerging changes, unemployment may truly
become a fact. If the fourth industrial revolution will become challenging for the non-innovative
workforce not prepared in terms of digital literacy, it will push it out of the market [13].

Among the competences for the future, the following characteristics are being highlighted:
capacity for active learning, creativity (in terms of artistic domain but primarily technological),
digital literacy skills, capacity for knowledge sharing and cooperation or the orientation for problem
solving [29,30]. These competences will have to be, over time, merged and combined with the STEM
skills [31]. A similar opinion is being expressed by entrepreneurs who emphasise the role of technical
skills requiring knowledge and understanding of manufacturing processes in combination with
respective skills oriented towards creative problem solving and social skills based on communication
and cooperation with other individuals. Additionally, entrepreneurs expect from employees to present
and express willingness for lifelong learning and knowledge sharing [32].

Along with the emergence of Industry 4.0, robotisation and automation of manufacturing will
result in increased requirements concerning mechanical engineering. The demand for new types of
materials, construction elements and robot designs will require the cooperation between advanced
information technologies and engineers. The development of engineering in cooperation with the
most advanced technologies is also to be expected. Similar to in the 1990s, when new services in
the beginning of technological revolution emerged, the new wave of advanced technologies may
result in innovative services combined with significant changes in the workforce. At the high level of
robotisation, one may assume that apart from the innovative technologies, the role of manufacturing
will gain in importance, which will, in turn, account for the IT robotisation process [33].

However, the problem of employment and professional career development is exacerbated by
the fact that according to the World Economic Forum report, 65% of children born after the year
2007 will work in professions which do not yet exist [34]. Thus, it is necessary to make changes in
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educational institutions in order to develop attitudes and values as well as the capacity for acquiring and
developing professional competences characteristic for the modern labour market [27]. Reaching the
vision of a future workplace which will be an economic and social move on the part of governments,
businesses and individuals for the benefit of lifelong learning as well integration of re-skilling and
upskilling programmes and strategies in the entirety of the professional spectrum is a necessity. For this
reason, upgrading the educational policy is targeted at the rapidly improving quality of education,
and upskilling, regardless of age, is vital [34]. Due to this fact, entrepreneurs, who were somewhat
naturally obliged to educate employees to ensure that their skills and competences are adequate for
the needs and expectations of the entrepreneurs, will play a pivotal role in this process.

2.3. Continuing Vocational Training and Lifelong Learning

In order to speak about the sustainable development in the context of the labour market and
acquiring knowledge, we should consider both the aspect of lifelong learning as well as CVT of
employees. The process of education does not end with graduation from a vocational school or HEI.
Employers should participate in costs of professional development of their employees, owing to whom,
employers are able to multiply capital and enter new markets.

The participation of the workforce in routine and repetitive tasks of the manufacturing sector will
decrease due to diminishing work productivity, and the number of jobs for atypical and unconventional
tasks which will require higher level of competences, overall, will increase. Thus, development of
industry within the framework of the economy 4.0 will result in large-scale initiatives for the benefit
of lifelong learning including upskilling for individuals remaining in their current positions [35].
Therefore, the necessity for lifelong learning and development of competences is emphasised [36].

Particular attention is being drawn to the necessity for upskilling in the STEM field
(science, technology, engineering, math) [29]. By the year 2020, the labour market will have been
estimated to be short of approximately 1 million individuals educated and trained in those fields.
Currently, such individuals are particularly valuable and sought after, which is also observable in
Poland where the demand for programmers is constantly growing [37]. This, in turn, requires investing
at all stages of education as well as in the area of further vocational training of older individuals already
active in the labour market [29]. The attention must be also drawn to differences in adaptation to
changes and capacity for learning among employees representing different generations. To this effect,
the understanding of employees’ needs should facilitate implementation of the process of further
vocational training in an enterprise regardless of employees’ age and despite the inter-generational
differences [38,39]. Unfortunately, the cases where lifelong learning is being perceived as an additional
cost rather than an investment can still be observed in various businesses [40].

Along with the development of the concept of the Industry 4.0, the demand for the manufacturing
labour and the Research and Development labour will keep growing whereas the importance of
hierarchical management in organisations will keep diminishing. Due to that, a gap emerges
to be possibly filled in by the professional career development based on vocational training.
Implementation of a business model based on digitalisation and a technologically advanced workplace
will be possible only with qualified staff members responsible for technologically advanced tasks
available—also in newly set up companies which often act as a driving force of technological and
economic advancement. The labour market policy also has to adapt to the new changes. The increased
dynamic and greater requirements for relocation of employees are to be particularly expected [41].

Development of economy based on a digital platform facilitates reorganisation of the labour market
and workflow [42]. The Internet is increasingly becoming the meeting point of employees and recruiters.
In recent years, job opportunity online platforms have emerged to connect individuals searching for
work with freelancers from companies on the lookout for employees [28,43]. Furthermore, in the face of
the threat of the pandemic at the turn of 2020, our world needed to address the importance of utilisation
of information and communication technologies in order to maintain continuity of operations of
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individual enterprises. Wherever it was possible, workflow was reorganised on the basis of application
of IT tools and remote work, in the face of the need for social isolation and distancing across the world.

2.4. Flexibility of Employment and Inequalities

Opening the economy to globalization processes contributes to the increasing importance of
exogenous factors affecting the conduct of business by domestic enterprises and their competitiveness.
Thereby, the interest of owners and managers of companies in non-standard forms of employment in
relation to traditional work schemes has aroused. Due to the economic turmoil, competitive companies
are forced to become more flexible, also in the area of employment [44,45]. Thus, the existing model of
long-term employment is changing and is gradually phased out by means of flexibility, both in terms
of time and nature of labour which is to contribute to making the labour market more attractive for
employers and employees alike [39].

A particular type of flexibility is the employment flexibility. It is the ability to rapidly adjust the
number and competence profile of employees to the changing conditions and needs. Its scope may
be considered from the perspective of the number of employees, spatial mobility of employees and
working time [46]. The flexibility of employment defined as the adjustment of the size and structure
of employment as a result of changes that the company has to cope with, should be analysed on
the grounds of the adopted employment model, organisation form and working time as well as the
flexibility of remuneration [47]. From the point of view of economic operators, due to the flexible forms
of organisation of working time, entrepreneurs have a greater capacity for influencing their human
resources depending on the nature of the performed work, work cycle or intensity of the performed
tasks [48,49]. The structure of a flexible employment model assumes the existence of a small group of
employees permanently connected to the company due to their key competences and a large number
of employees employed in flexible forms of work [44].

Taking into account the flexibility of employment, Poland is at the forefront of statistical
figures in terms of the number of people employed under civil law contracts [50]. Although it
is an important instrument to mitigate the effects of the economic collapse, it does not guarantee
pension security or employment security for people employed under such contracts. M. Guzikowski
indicates that reduction of the scale of employee protection, which should be accompanied by the
liberalisation of regulations governing employment of new employees, may seem advisable. By doing
so, companies could more flexibly adjust the size of employment to changes in the labour market [51].

It should be remembered that flexible forms of employment carry the risk of work dehumanization.
It means that the short-term nature of the employee’s relationship with the organisation may result
not only in a low degree of an employee’s identification with the company but also in a low level of
self-motivation to work. Furthermore, the attention is being drawn to the opportunity for emergence
of social inequality and divisions which may potentially result from the implemented technological
changes. These inequalities will result not only from the job slash but also from the poor social mobility
and the sustaining digital gap. Social inequality may also become exacerbated in various branches,
sectors, regions or jobs because of the widening digital gap between those who are and those who are
not able to keep up with the technological advancement [52,53]. On the other hand, digitalisation may
help mitigate the labour market inequalities between sexes. The economy based on digital technologies
could particularly secure and ensure greater work flexibility and better balance between work and
family or knocking down cultural barriers and equalizing opportunities for women in comparison to
men in the labour market [28,54]. However, technological advancement may become a remedy for a
shrinking labour force. Assuming constant demand for work, robots might be able to satisfy and fill in
the demand gap by taking over burdensome, strenuous and hazardous tasks [12].

2.5. Employment Policy—The Concept of Flexicurity

One of the proposed solutions to the problem of reconciling, or even balancing, flexibility with
the labour market security is the concept of flexicurity. The European Commission draws attention
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to the need for introduction of the model of flexicurity in the Member States of the EU [55]; the basic
premise of which is a synthesis of two elements of the institutional system of the labour market acting
in two opposite directions, i.e., employment security and income stability (security) with flexibility
of the labour market. It results from the permanent restructuring to which modern economies,
and thus also their labour markets, are subject to [51]. This concept varies significantly from country to
country, assuming national variants, due to which, elements will be more emphasised. In the Belgian
and German variants, greater emphasis is placed on income security, whereas in Denmark and the
Netherlands—on job security. Numerous authors have attempted to analyze flexicurity in their research
and taxonomy of this concept [56–58]. The European Foundation identifies five flexicurity models:
Nordic, Anglo-Saxon, Continental, Mediterranean, East European and Italian. Poland was qualified
as the East European model characterised by a lack of income security, average/low flexibility of the
labour market, moderate taxation, low social security outlays, low support for active labour market
policies and low involvement in lifelong learning.

Concurrently, the scale of professional mobility in Poland is below the European average.
The research outcome indicates that employers utilise flexible forms of employment in order to
minimise labour costs of business activity, and the idea of flexicurity, due to being costly in execution,
is difficult to realise in Polish conditions. As a result, a large group of employees without stable
employment, underpaid and with a restricted social benefit package develops. For the moment,
CVT serves as the basic method for securing professional mobility of employees. Employees employed
under indefinite term work contracts are the preferred employees in education of whom employers are
willing to invest in. Thus, in the case of Polish companies, the two main areas of flexicurity—flexible
employment and CVT of employees—instead of supplementing each other, appear to be mutually
exclusive. Therefore, an incentive scheme, conducive for employers interested in CVT of all employees,
should be implemented.

3. Materials and Methods

The article sets out the following purpose of work: Diagnose the current situation in the labour
market and expectations towards employees as a result of the technological revolution and digitization
and to analyze whether there are groups of countries in the EU with similar features describing the
labour market and to present the differences between these groups.

To achieve this goal, the following research questions were formulated:

- What are the expectations towards employees in the context of technological progress, especially the
digitization of social and economic life?

- What is the current situation in the labour market and in terms of the competences of graduates
and employees, as well as in terms of improving qualifications of employees in EU Member States?

- Is it possible to distinguish a group of EU countries with similar characteristics and are there
differences in the labour market between “old” and “new” EU Member States?

To achieve the research goal and answer the research questions posed, the theoretical part of the
article has been prepared by means of research methods based on the comparative analysis of the
present data and the analysis of contents on the basis of the selection of domestic and international
related literature. The reports prepared by international institutions engaged in researching the labour
market, CVT, improving employees’ competences, lifelong learning and influence of technology in the
labour market (the issues relevant from the perspective of this paper) were utilised. The empirical
part of this article has been prepared on the grounds of the secondary data procured from Eurostat
database and concerning Poland and the remaining Member States of the European Union (including
Great Britain). It means that the described phenomena are presented on the basis of the entire research
sample. The research methods applied in the article have been based on the comparative analysis of
the presented data, the contents analysis and Ward’s agglomeration method, and have been used with
the following goals:
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• Isolating and specifying characteristics and qualities important for the labour market in
consequence of the Industry 4.0 revolution for 28 Member States of the EU, including Poland.

• The cluster analysis of the EU Member States through the use of the agglomeration method in
respect of the similarities while taking into consideration the same variables.

• The comparative analysis on the grounds of the resulting figures.

During the research and the process of defining variables influencing labour market changes
resulting from the technological advancement, particular attention has been drawn to the aspects
related with HE, digital literacy skills and notion of lifelong learning. Improving competences and
skills of employees is deemed to be an indispensable factor for adaptation to the changing needs
resulting from the technological advancement, particularly necessary in modern times. It is also an
important issue from the perspective of HEIs’ graduates entering the labour market.

The process of selecting variables used for grouping analysis consisted of three stages. In the
first step, the initial selection of variables was based on a literature review, including reports:
DESI 2019—Human Capital. Digital Inclusion and Skills [59], European Innovation Scoreboard [60],
Human Development Report 2019 [61], IMD World Digital Competitiveness Ranking [62], Skills supply
and demand in Europe [63], Global Report on Adult Learning and Education (GRALE) [64],
DigComp 2.1—The Digital Competence Framework for Citizens [30], and Vocational education and
training in Europe (1995–2035) [65]. Variables related to the labour market, labour productivity,
STEM education process, continuous adult education, use of information and communication
technologies and digital technologies in society, and the level of socio-economic development of
countries were selected. Based on this, a list of 35 variables was created. In the next stage, a correlation
analysis was carried out, based on which variables for which the correlation coefficient value which
were greater than 0.7 were rejected (to eliminate collinearity as a condition when creating clusters).
The third stage consisted of analysing the importance of predictors in cluster analysis, which rejected
those variables whose impact on the grouping process was less than 30%. These activities allowed for
the final selection of 10 variables used for further analysis.

In order to identify clusters consisting of the EU Member States, similar in terms of a given
characteristic, the cluster analysis, one of the object classification methods, was used. Ward’s method
(minimal variation method), which is one of the cluster analysis’ agglomeration methods utilising the
variation analysis approach to estimate distance between clusters, was used in the research.

In the case of the cluster analysis, attention must be paid to two factors: the representativeness of
the sample and multicollinearity. The representativeness condition has been fulfilled, as the entire
research sample is covered by the research (all 28 Member States, as of 31 December 2018, have been
taken into consideration). In turn, multicollinearity occurs when independent variables are highly
correlated. Following J. Steczkowski [66], the following correlation and dependence ranges have been
adopted for the analysis of correlation and dependence coefficient: below 0.2 (no linear correlation
between the analysed characteristics), 0.2–0.4 (weak correlation), 0.4–0.7 (moderate correlation),
0.7–0.9 (strong correlation), above 0.9 (very strong correlation). In order to eliminate multicollinearity
a correlation analysis has been performed for the variables initially selected on the basis of literature
review, and the variables for which the correlation coefficient value exceeds 0.7 were discarded.
Furthermore, to eliminate outliers, the diagram of case profiles was utilised.

Through the use of the comparative analysis and the contents analysis, and after performing
the procedure described above, the variables significant from the point of view of influence on work
productivity and the labour market in the context of the Industry 4.0 revolution in relation to the
issues of lifelong learning and improving professional competences by employees were identified.
The description of variables is presented in Table 1 and the detailed results of the analysed variables
for each of the 28 EU Member States are contained in Appendix A.
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Table 1. Description of the variables utilised in the agglomeration method.

No. of a
Variable Name of a Variable Description of a Variable and

a Measuring Unit Source of Data Reference
Year

1 Work productivity
per hour

Work productivity calculated as
GDP in current prices in euro for a
given year divided by the number

of work hours (euro).

Eurostat:
PORDATA 2018

2 Employment rate
The number of employed
individuals aged 20–64 in

population (%).

Eurostat:
[lfsi_emp_a] 2018

3
Individuals employed

under fixed-term
contracts

The percentage of working
individuals aged 20–64 working
under fixed-term employment

contract (%).

Eurostat:
[lfsa_esegt] 2018

4

Companies with budget
for employees’

Continuing Vocational
Training

The percentage of companies
employing more than 10

individuals with budget for
CVT—educational or training

activities completely or partially
financed by a company. Partial
financing may cover devoting

working time to training as well as
financing training equipment (%).

Eurostat:
[trng_cvt_07s] 2015

5 Expenditures for R&D in
higher education

Expenditures for R&D in higher
education as % of GDP (%).

Eurostat:
[rd_e_gerdtot] 2018

6
Companies utilising

electronic management
systems

The percentage of companies
employing more than 10

individuals which use ERP
systems for electronic

management of various aspects of
the company (%).

Eurostat:
[isoc_eb_iip] 2019

7 Individuals possessing
digital skills

The percentage of individuals
aged 25–34 possessing basic or

advanced digital skills (%).

Eurostat:
[educ_uoe_grad04] 2019

8 Graduates of HEIs in the
STEM fields

The number of graduates of HEIs
aged 20–29 graduating in the

fields of science, math, IT,
engineering, manufacturing,

construction per 1000 individuals
(number of individuals).

Eurostat:
[educ_uoe_grad04] 2017

9
Employees participating

in informal education and
work-related training

The percentage of employees aged
25–64 participating in informal

institutionalized forms of
education related with work and

covering: courses, workshops,
workplace training

courses—tutelage, private lessons
(%).

Eurostat:
[trng_aes_124] 2016

10
Precarious employment
for a period of up to 3

months

The percentage of employees aged
20–64 employed under short term
agreement for a period of up to 3

months (%).

Eurostat:
[lfsa_qoe_4ax1r2] 2018

Source: Own study based on Eurostat.
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Variables number: 1, 2, 4–9 were defined as stimulants i.e., it is expected that those variables will
reach higher values, in turn, variables number: 3 and 10 were defined as destimulants i.e., it is expected
that those variables will reach lower values. In order to conduct the aggregation analysis, values of the
variables were converted from destimulants into stimulants according to the following formula [67]:

x∗i j = max
i

xi j − xi j (1)

where:

xi j—output values for i-th realisation of j-th variable and
maxxi j—maximum for i-th realisation of j-th variable.

Before the aggregation of variables, the procedure of input data standardization was performed
according to the following formula [68]:

zi j =

xi j − x j

S
(
x j

) 
p

(2)

where:

xi j—output values for i-th realisation of j-th variable
x j—arithmetic average of j-th variable,

S
(
x j

)
—standard deviation of j-th variable,

p = 1.

Standardisation facilitates comparing values of numerous variables independently of their original
distribution and measuring units.

Next, using Ward’s method, the cluster analysis of countries was performed on the basis of the
specified and standardised variables. This method facilitates grouping the researched objects for which
variance within each cluster is the smallest and, concurrently, the variance between individual clusters
is as large as possible. For this reason, Ward’s method is considered to be highly effective because it
ensures homogeneity of the objects inside clusters and heterogeneity between clusters. This method
aims for minimizing the sum of squares of deviation within clusters. The measure of diversity of
clusters to the extent of average values is the ESS (Error Sum of Squares) described with the following
formula [69]:

ESS =
n∑

i=1

x2
i −

1
n

 n∑
1=i

xi

2

(3)

where:

xi—value of a variable which is segmentation criterion for i-th object,
n—number of objects in a cluster.

As a result of applying this method, a dendrogram (tree diagram) was produced which illustrates
the hierarchical structure of the set of objects presenting the decreasing similarity between the objects.
The dendrogram is supplemented with a “heat map” which graphically presents the variables which
underwent the process of standardization in combination with the researched cases (Member States).
The best approach to determining the number of clusters is to include information from both the scree
plot and dendrogram. This method is used for the needs of cluster grouping and determining their
number. In the process of choosing the number of clusters, the moment of cutting was determined by
the situation when on the scree plot, for the first time, the distance between successive stages defining
clusters in the cluster analysis process was significantly large [70,71]. It was the first time between the
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25th and the 26th stage, therefore the cluster analysis was stopped after the 25th stage (i.e., 2 stages
before the end). In this way, 3 distinct clusters were obtained.

In the statistical analysis and presentation, Statistica and Microsoft Excel programs were used.
The resulting figures were presented by means of the following forms of graphical data projection:
tables, a dendrogram, a heat map, coordinate graphs, and a box plot.

4. Results and Discussion

4.1. Analysis of Results at the Clusters Level

On the grounds of the performed analysis of variables’ aggregation by means of Ward’s method,
three clusters of countries, similar within each cluster in terms of assumed characteristics and
concurrently differing between individual clusters, were established. The results of the performed
analysis are the dendrogram and the heat map presented in Figure 1.
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Source: Own study based on research.

The list of 28 EU Member States divided into three clusters defined by means of Ward’s method
on the grounds of the adopted diagnostic characteristics is as follows (for the purpose of more
comprehensive analysis, these countries were also divided into the countries which joined the
European Union in 2004 or later, the so called “new Member States” (13)—they were indicated by
underlining their name, and countries which belong to the Eurozone (18)—indicated by italicization):

• Cluster 1 (11 countries): Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, Germany,
Luxembourg, the Netherlands, Sweden, United Kingdom;
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• Cluster 2 (9 countries): Bulgaria, Cyprus, Greece, Hungary, Latvia, Lithuania, Malta, Romania,
Slovakia;

• Cluster 3 (8 countries): Croatia, France, Ireland, Italy, Poland, Portugal, Slovenia, Spain.

The basic descriptive characteristics for each of the clusters are presented in Table 2.

Table 2. The descriptive statistics of the researched characteristics in relation to the various methods of
the cluster analysis.

Variable No. of the
Cluster

Average
CI

Median Min Max
LQ
(Q1)

UQ
(Q3) SD

−95% +95%

1 53.50 40.35 66.65 55.60 21.40 88.90 44.90 60.30 19.57

2 19.14 14.49 23.80 17.40 9.70 27.60 16.60 21.80 6.06

3 37.09 18.20 55.97 31.90 15.10 82.00 19.70 48.20 22.59

EU-28 37.77 29.08 46.45 27.80 9.70 88.90 19.40 55.80 22.40

Old-15 53.53 42.94 64.12 55.60 21.40 88.90 40.40 60.30 19.12

(1) Work
productivity

per hour

New-13 19.58 16.10 23.07 17.40 9.70 28.00 16.60 22.10 5.77

(2) Employment
rate

1 77.40 74.91 79.89 78.70 69.70 82.40 76.20 79.90 3.70

2 72.51 68.33 76.69 73.90 59.50 77.80 72.40 75.50 5.44

3 70.45 66.44 74.46 71.75 63.00 75.40 66.10 74.75 4.80

EU-28 73.84 71.76 75.93 74.90 59.50 82.40 71.70 77.65 5.38

Old-15 73.49 69.91 77.06 75.40 59.50 82.40 69.70 78.70 6.46

New-13 74.25 71.83 76.68 74.40 65.20 79.90 72.40 76.80 4.02

1 9.68 6.67 12.69 8.80 3.00 17.70 6.80 14.00 4.48

2 6.24 2.87 9.62 7.10 1.10 13.70 2.70 7.80 4.39

3 18.28 13.62 22.93 18.05 8.60 25.90 15.10 22.70 5.57

EU-28 11.03 8.43 13.64 9.20 1.10 25.90 6.95 15.25 6.72

Old-15 13.00 9.77 16.23 11.20 4.30 25.90 8.60 16.80 5.84

(3) Percentage of
individuals

employed for
fixed period

New-13 8.76 4.43 13.09 7.50 1.10 23.90 3.00 13.70 7.16

(4) Companies with
budget for
employees’
Continuing

Vocational Training

1 29.91 25.54 34.27 30.30 19.20 42.20 25.20 32.90 6.50

2 13.73 8.67 18.80 10.00 8.50 25.80 8.60 20.10 6.59

3 25.94 15.13 36.75 24.75 8.50 47.60 17.00 33.95 12.93

EU-28 23.58 19.29 27.86 23.80 8.50 47.60 12.80 31.25 11.05

Old-15 29.30 24.48 34.12 29.60 11.50 47.60 25.20 32.90 8.71

New-13 16.97 10.99 22.95 14.10 8.50 42.20 8.60 21.30 9.90

1 0.60 0.46 0.74 0.59 0.25 0.98 0.41 0.71 0.21

2 0.22 0.13 0.30 0.22 0.04 0.34 0.19 0.33 0.11

3 0.35 0.26 0.45 0.33 0.23 0.56 0.28 0.42 0.11

EU-28 0.41 0.32 0.49 0.34 0.04 0.98 0.24 0.56 0.23

Old-15 0.52 0.40 0.64 0.54 0.24 0.98 0.33 0.69 0.22

(5) Expenditures for
R&D in Higher

Education

New-13 0.27 0.18 0.37 0.23 0.04 0.63 0.20 0.34 0.16

(6) Companies
using electronic

management
systems

1 39.27 32.79 45.76 41.00 24.00 53.00 29.00 48.00 9.65

2 30.44 22.96 37.93 32.00 14.00 48.00 23.00 33.00 9.74

3 35.50 28.80 42.20 34.00 26.00 48.00 28.50 42.50 8.02

EU-28 35.36 31.61 39.11 34.00 14.00 53.00 28.50 43.00 9.67

Old-15 40.13 35.48 44.78 42.00 24.00 53.00 35.00 48.00 8.40

New-13 29.85 24.91 34.79 31.00 14.00 48.00 26.00 33.00 8.17
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Table 2. Cont.

Variable No. of the
Cluster

Average
CI

Median Min Max
LQ
(Q1)

UQ
(Q3) SD

−95% +95%

1 84.45 81.05 87.86 85.00 73.00 92.00 83.00 87.00 5.07

2 65.56 53.83 77.28 68.00 42.00 85.00 59.00 79.00 15.26

3 72.13 64.16 80.09 73.50 56.00 86.00 65.50 78.50 9.52

EU-28 74.86 69.79 79.92 79.00 42.00 92.00 67.00 85.00 13.06

Old-15 79.53 74.28 84.79 80.00 56.00 92.00 75.00 87.00 9.49

(7) Individuals
possessing

digital skills

New-13 69.46 60.50 78.42 70.00 42.00 86.00 63.00 83.00 14.83

(8) Graduates of
HEIs in the
STEM fields

1 17.15 13.15 21.16 16.80 3.80 23.60 13.60 22.40 5.96

2 14.40 12.29 16.51 14.30 10.10 18.90 12.70 15.10 2.74

3 22.15 17.57 26.73 21.25 14.50 32.70 18.95 24.80 5.48

EU-28 17.70 15.48 19.92 17.35 3.80 32.70 14.05 21.95 5.73

Old-15 19.27 15.49 23.04 20.60 3.80 32.70 14.50 22.60 6.81

New-13 15.88 13.71 18.06 15.10 10.10 23.60 13.80 18.50 3.60

1 51.55 46.89 56.20 49.80 43.70 66.10 46.20 57.30 6.93

2 34.98 22.97 46.99 36.40 5.80 53.40 31.10 47.40 15.62

3 44.84 37.33 52.35 47.30 27.50 56.40 40.05 50.05 8.99

EU-28 44.30 39.38 49.23 47.20 5.80 66.10 39.85 50.75 12.71

Old-15 49.05 43.00 55.11 49.80 16.70 66.10 45.80 56.40 10.94

(9) Employees
participating
in informal

education and
work-related training

New-13 38.82 31.11 46.54 42.20 5.80 53.40 32.70 48.60 12.77

(10) Precarious
employment for a

period of up to
3 months

1 1.44 0.61 2.26 1.00 0.30 3.50 0.30 2.70 1.23

2 0.89 0.47 1.31 0.70 0.20 1.90 0.50 1.30 0.55

3 3.78 2.49 5.06 3.70 1.20 6.50 3.10 4.45 1.54

EU-28 1.93 1.29 2.57 1.25 0.20 6.50 0.65 3.50 1.65

Old-15 2.13 1.31 2.96 1.40 0.30 4.70 0.80 3.50 1.49

New-13 1.69 0.58 2.81 1.10 0.20 6.50 0.50 1.90 1.85

CI = Confidence Interval for the Average, LQ = Lower Quartile, UP = Upper Quartile, SD = Standard Deviation,
Old-15 = “old” EU Member States (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Netherlands, Portugal, Spain, Sweden, United Kingdom), New-13 = “new” EU Member States
(Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia,
Slovenia), Source: Own study based on research.

The variables adopted for the analysis are significant from the point of view of influence of
employees’ productivity and the labour market in the context of the technological advancement
(the Industry 4.0 revolution). These variables are significantly related to a lifelong learning process
which is crucial for the process of analysing and planning future changes by the authorities of
individual countries.

Below is a description of each cluster, containing its characteristics in terms of the countries that
belong to it and due to the features included in the study.

4.1.1. Cluster 1

As the result of cluster analysis by means of Ward’s method, it can be observed that the first
cluster contains countries possessing the greatest potential in the area of the researched characteristics
in comparison to the remaining groups. To an extent, they can serve as a model for the remaining EU
Member States. From among these 11 countries, as much as 9 are the so called “old” EU Member
States and 7 countries belongs to the Eurozone. In this cluster, the average value of work productivity
per hour is the highest (54 euro) among all three clusters and simultaneously 42% higher than the EU
average. The employment rate in this group is also higher than the EU average by 3.6 percentile points
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and is 77.4%. From the perspective of involvement of entrepreneurs who employ more than 10 workers
in the CVT, nearly one third of companies has a special part of their budget allocated towards this
goal. In this cluster, the average number of the economic operators who have a part of their budget
allocated towards the education of employees exceeds the EU average of 24%. Additionally, in the
terms of employees’ participation in various informal forms of education related to the performed
work, the countries grouped in the first cluster dominate over the rest with the average percentage
of 52% of employees aged 25–64 participating in such forms of education. The highest values have
been recorded in the Netherlands, Austria and Sweden. The level of expenditures for the R&D in HE
measured as the percentage of GDP is 0.6% among the countries from the first cluster and is higher
than the EU average by 0.2 percentile points. To this extent, the group is dominated by the three
Nordic countries: Denmark, Sweden and Finland. The number of HEIs’ graduates in STEM fields
(science, technology, engineering, math) per 1000 individuals is 17. In turn, the average percentage
of workers possessing basic and advanced digital literacy skills is 85% for the countries grouped in
the first cluster. The highest share of workers aged 25–34 declaring to possess these types of skills
has been recorded among the first cluster countries: Finland, the Netherlands, United Kingdom,
Germany and Estonia.

4.1.2. Cluster 2

This group consists of nine countries, all of which, apart from Greece, are young members of
the European Union. The countries grouped in the second cluster are characterised by the lowest
average values for the variables considered in the research. Furthermore, the majority of countries
in this group are members of the Eurozone. The average level of work productivity in the second
cluster, represented by the eight youngest members of the EU and Greece, is barely 19 euro, 50% of the
average for the entirety of the EU. The percentage of workers aged 20–64 and employed for a fixed
term is 73%. Employees’ participation in the work-related courses and training is the lowest in the
entire EU—barely 35%. The situation is the worst in Romania and Greece where only 6% and 17% of
employees, respectively, undertake actions leading to improving qualifications through participation in
courses and training. The average level of expenditures for R&D in the second cluster is 0.22% of GDP.
The lowest, infinitesimal expenditures below 0.1% of GDP, have been incurred by the governments of
Bulgaria and Romania. Moreover, in these countries, less than 50% of workers aged 25–34 possess basic
or advanced digital literacy skills. The number of HEIs’ graduates in STEM fields per 1000 individuals
is 14 and is lower by 4 than the average for the entire EU.

4.1.3. Cluster 3

The last, third cluster, consists of eight countries with the minority of those countries joining the
EU in 2004 or later i.e., Poland, Slovenia and Croatia. The majority of this group is members of the
Eurozone. The employment rate in the countries from the third cluster (70%) is close to the EU average
(74%). The percentage of workers aged 20–64 employed under fixed period work contracts is 18.3%
and the percentage of individuals employed under short-term work contracts for a period of up to
3 months is 3.8%. These are the highest values for these two variables overall among all the clusters.
In case of precarious work, the first six places with the highest values are occupied by the Member
States grouped in this cluster. In terms of companies with budget allocated towards the CVT of their
employees in this cluster, every one in four (26%) of economic operators has a part of their budget
devoted to this goal. The average level of the state budget expenditures towards the Research and
Development in the third cluster is 0.35% of GDP. The number of HEIs’ graduates in STEM fields
aged 20–29 per 1000 individuals is 22 and is 4 individuals higher than the average for the entire EU.
Ireland, France and Poland are the countries where the conversion factor of the number of STEM
graduates is the highest.
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4.2. Extended Analysis Based on Variables and Clusters

In the next part of this paper, the analysis of respective variables describing conditions in the
labour market for each of the clusters was performed; as well as a reference has been made to conditions
and circumstances in Poland and EU. This analysis relates to the process of education and upskilling
employees in particular, as well as to employment rates. The presence of statistical diversity between
the clusters in relation to the adopted cluster analysis method is presented in Table 3.

Table 3. Statistical diversity between the clusters in relation to the adopted cluster analysis method.

No. of the Variable Name of the Variable

Statistical Diversity between the Clusters

Ward’s Method
(3 Clusters)

“Old” (1) and “New” (2)
EU Member States

(2 Clusters)

1 Work productivity per hour 1–2 1–2

2 Employment rate 1–3 –

3 Percentage of individuals
employed for fixed period 1–3, 2–3 –

4
Companies with budget for

employees’ Continuing
Vocational Training (CVT)

1–2 1–2

5 Expenditures for R&D in
Higher Education 1–2, 1–3 1–2

6 Companies using electronic
management systems – 1–2

7 Individuals possessing
digital skills 1–2, 1–3 –

8 Graduates of HEIs in the
STEM fields 2–3 –

9
Employees participating in

informal education and
work-related training

1–2 –

10 Precarious employment for
a period of up to 3 months 1–3, 2–3 –

Source: Own study based on research.

The average value for work productivity measured as the ratio between GDP in current prices
divided by the number of working hours in 2018 is the highest in the first cluster (54 euro) among
all three clusters and, simultaneously, 42% higher than the average value for the entire EU (38 euro).
The lowest values are present in the second cluster (19 euro) represented by the 8 youngest members
of the EU and Greece. The work productivity value in Poland by the end of 2018 was 17 euro which,
unfortunately, is not even a half of the European average (exactly 45% of the average value for the
EU). In these terms, Poland is placed in the 24th position among the EU Member States and last
but three among the “new” Member States. In this group, the highest values were produced by
Slovenia (89 euro), Bulgaria (58 euro) and Romania (57 euro). However, it is noteworthy that Romania,
Ireland and Poland are at the forefront of countries where the increase of the productivity ratio between
2010 and 2018 was the highest in the entire EU (141%, 138%, 127% respectively).

The distribution of the average values in division to clusters of the “old” and “new” EU
Member States is presented in Figure 2. The confidence intervals for both clusters do not overlap
and this implies that, taking into consideration the division in terms of seniority in the EU, it can be
ascertained that the average productivity per hour values in both of these groups differ significantly.
It has been confirmed by the ANOVA univariate analysis (under assumption that the variables are
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measurable and independent as well as the assumption of normal distribution in each of the groups
and homogeneousness of variance).
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The high increase in work productivity during the span of eight years is dominant among the
new Member States where the first eleven spots out of twelve are occupied by the youngest members
of the EU. This should be met with contentment as it implicates that joining the EU facilitated faster
development of these countries and the increase in work efficiency. This is the goal of providing
support to the new Member States under financial instruments and other forms of aid—to level and
mitigate differences between regions and Member States. In this regard, Greece places last and is
the sole country to record the decrease in productivity in comparison to the year 2010. It should be
definitely read and perceived as a detrimental phenomenon and the confirmation of the economic
collapse this country has been unable to cope with since the year 2009.

The next variable utilised in the research is the employment rate which is one of the indicators
of realisation of “Europe 2020—A strategy for smart, sustainable and inclusive growth” adopted by
Member States in 2010 with the object of reinvigorating economic growth and revitalising, as well
as with the goal of energising reforms in the EU Member States [72]. According to the stipulations
of this strategy, the value of this indicator for the entire European Union should reach 75% by the
year 2020. Taking into consideration the cluster analysis utilising Ward’s method, the situation is the
best in the first cluster where the average value of the employment rate is higher than the European
Union average by 3.6 percentile points. The values reached by the EU Member States from second and
third clusters are below the average value for 28 countries but, fortunately, these values are not far off,
with the level of standard deviation not exceeding 5.5%.

In the adopted document, Poland declared to reach, within the established timeframe,
the employment rate of 71% and was able to reach this goal as early as in 2018 (72.2%). During the eight
years since 2010, the largest increase, above 20%, has been noted in Malta, Hungary, Lithuania and
Estonia. In Poland, the increase of 12.3% was registered. In the same period, the decrease in the
employment rate has been noted in Cyprus (−1.5%) and in Greece (−6.7%). In both these countries,
the attempts at restoring the employment rate can be observed, which has been increasing since
2014, but as the result of the two crises, the financial crisis of 2008 and the Eurozone crisis of 2011,
these countries were unable to return to levels from before the year 2009. In regards to the division in
terms of sex, the values of the employment rate in Poland are as follows: men (79.4%), women (65%).
The female employment rate in economy is lower by 11.6% across the entire EU than the employment
rate of men. The greatest disproportions have been recorded in Malta (21.9%), Greece (21%), and in
Italy (19.8%).
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Among the variables which directly refer to the structure and model of employment, the indicators
describing the percentage of the individuals employed for a fixed term and the percentage of the
individuals employed under short-term work contracts for a period not exceeding 3 months (defined as
precarious work) were also taken into consideration. In both cases, this issue concerns employees aged
20–64. The Member States grouped in the third cluster produced the highest values for both of these
variables and the average values for this cluster are 18.3% and 3.8% respectively. In turn, the average
European Union values are 11% in the terms of individuals employed for a fixed term and 1.9% in case
of precarious work. Figure 3 presents distribution of the average values in each of the three clusters for
the variable concerning the share of individuals employed under fixed term work contracts.
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The highest percentage of the individuals aged 20–64 employed under fixed term work contracts
and exceeding 20% has been registered in Spain, where every fourth individual is employed under
such terms—26%, Poland—24% and in Portugal—22%. The average European Union value for the
year 2018 concerning the employment for a fixed term has not been exceeded by 15 Member States
grouped in the second and third clusters which produced indications on the level ranging from 1.1%
(Romania), 1.4% (Lithuania) and up to 10.8% in Germany.

In the terms of precarious work, the first six spots with highest indications has been occupied by
Member States grouped in the third cluster. The largest percentage of individuals employed under
short-term work contracts has been recorded in Croatia (6.5%). In Poland, 3.6% of individuals aged
20–64 are employed under such terms, 1.7% more than the average value for the European Union.
In turn, in 17 of the Member States grouped in the remaining two clusters, the level of job insecurity
related with precarious work is lower than the European Union average (1.9%) with the values ranging
between 0.2–0.3% in the case of Romania, United Kingdom and the Czech Republic, and 1.9% in the
case of Hungary. It should be noted that the values of these two variables remaining at high level is
detrimental from the point of view of an employee and his professional stability. It can be assumed
that the economy is strong when the percentage of fixed term work contracts and work contracts for
a period of up to 3 months remains as low as possible. However, it should be remembered that the
currently growing model of employment covering the non-standard forms of employment is based
on the decreasing participation of the indefinite period work contracts in favour of other forms [45].
The models based on the increased share of non-standard forms of employment were presented as
early as in the 1980s. At that time, the concepts based on, i.e., flexibility of organisation were developed,
such as the concept of flexible structure presented by Ch. Handy [73] and Atkinson’s concept of a
flexible company [74].
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However, as S. Taylor indicates, the increased popularity of fixed period contracts may result
in the decrease in efficiency and commitment of employees. Non-standard forms of employment
have been negatively received by employees. For this reason, employees are willing to accept worse
working conditions in exchange for the guarantee of stable and permanent employment [75].

Furthermore, as certain authors have noted [23,76], due to the diversification of conditions of the
respective groups of employees in terms of professional stability or remuneration, such solutions can
lead to segmentation of the internal labour market and the exacerbation of the phenomenon of social
inequality. In consequence, such solutions can result in the reduced performance, commitment and
self-motivation of employees. However, emergence of these forms of employment are primarily the
result of economic factors, increasing instability of the setting, and difficulties with forecasting changes.

The necessity to adapt employees’ skills to the requirements of the changing economy,
particularly in the context of technological revolution, requires paying particular attention to the aspect
of opportunities for continuing training offered by employers in the workplace, as well as the capacity
for and willingness for upskilling expressed by the very employees. This issue fits in with the European
policy of Lifelong Learning which advocates the necessity for constant upskilling and participation
in the process of learning throughout the entire period of professional engagement. For this reason,
these issues were also taken into consideration during cluster analysis.

Due to the survey carried out in the EU every five years (the last one conducted in the year
2015) among companies employing more than 10 individuals, we are in possession of information
concerning the percentage of those economic operators which have a part of their budget devoted
specifically to CVT. These forms of education include educational or training activities completely or
partially funded by the company. Partial funding can include devoting working time to the educational
activity as well as financing training equipment. Almost every third company (30%) which has a
budget for CVT education is present in the first cluster as well as nearly every fourth company located
in the countries belonging to the third cluster. The average value of economic operators who have
a part of their budget devoted to CVT of their employees exceeds the European Union average of
24% in the case of both clusters. Unfortunately, in the case of countries grouped in the second cluster,
this value is 10% lower than the European Union average and is on the level of 14%. The highest
values, in this regard, have been noted in companies located in Spain (48%) and France (40%)—the
third cluster, and in the Czech Republic (42%)—the first cluster. The lowest percentage of business
entities declaring to possess a special budget devoted to CVT of their employees has been noted in
Romania and Bulgaria (8.5% each), Latvia (8.6%)—the second cluster, and in Poland (8.5%)—the third
cluster. Considering the division of countries in terms of seniority in the EU, this aspect is clearly
dominated by the “old” Member States in which company owners actively operate for the benefit of
CVT and significantly outpace representatives of companies from the “new” Member States of the EU.
The act of the employer becoming engaged in the activity of this type for the benefit of his employees
is largely not appreciated among the younger Member States.

Figure 4 presents the scatter graph and the analysis of correlation between the commitment of
company owners to Continuing Vocational Training of their employees by means of allocating a part of
their budget towards this goal and work productivity of each of the EU Member States. The aggregation
of the “old” Member States belonging primarily to the first cluster is visible, for which the average
values after conducting the correlation analysis are higher than the EU average and significantly
outmatch average values around which primarily the “new” Member States from the second cluster
are gathered.



Sustainability 2020, 12, 5437 19 of 30
Sustainability 2020, 12, x FOR PEER REVIEW 18 of 29 

AT

BE

HR

CY

CZ

DK

DE

EL

IE

IT

LT

LU

MT

NL

PT

SI

SE

GB

0 5 10 15 20 25 30 35 40 45 50
New EU
members

EU-28 Old EU
members

Enterprises with a budget for employee training (CVT) (%)

0

10

20

30

40

50

60

70

80

90

100

New EU      
members      

EU-28      

Old EU      
members      

R
ea

l l
ab

ou
r p

ro
du

ct
iv

ity
 p

er
 h

ou
r w

or
ke

d 
(E

ur
o)

 

BG

EE

FI FR

HU
LV

PL
RO

SK

ES

 Cluster 1 
 Cluster 2
 Cluster 3
 PL

x = 23.58 (avg. EU-28)
y = 37.77 (avg. EU-28) 
- - -  Old EU members (avg.)
- - -  New EU members (avg.)

 

Figure 4. Scatter graph and the analysis of correlation between the percentile share of companies with 
budget allocated towards the CVT and work productivity per hour for the EU Member States. Source: 
Own study based on research. 

Statistical significance of the diversification of the average values between these two groups of 
Member States dependent on the EU seniority is confirmed by Figure 5. 

Old EU members New EU members
10
12
14
16
18
20
22
24
26
28
30
32
34
36

P
er

ce
nt

ag
e 

of
 c

om
pa

ni
es

 w
ith

 b
ud

ge
t f

or
em

pl
oy

ee
s'

 C
on

tin
ui

ng
 V

oc
at

io
na

l T
ra

in
in

g

 Average
 Average±Standard Error
 Average±1,96*Standard Error
 Median

 
Figure 5. The average percentage of companies with budget allocated towards CVT in the “old” and 
the “new” Member States of the EU. Source: Own study based on research. 

The situation appears to be better in regards to the participation of employees in various 
informal forms of education related with the performed work among which we may specifically 
indicate courses, workshops, workplace training—tutelage and private lessons. Moreover, this aspect 
is invariably dominated by the countries grouped in the first cluster with the average percentage of 
52% of employees aged 25–64 (compared to the EU-28 average of 44%) improving their professional 
competencies (with employees from the Netherlands, Austria and Sweden at the forefront). More 
than a half of employees participating in informal forms of education related with work belongs to 
the eight Member States which, apart from Slovakia, represent the “old” Member States. The lowest 
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Statistical significance of the diversification of the average values between these two groups of
Member States dependent on the EU seniority is confirmed by Figure 5.
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Figure 5. The average percentage of companies with budget allocated towards CVT in the “old” and
the “new” Member States of the EU. Source: Own study based on research.

The situation appears to be better in regards to the participation of employees in various informal
forms of education related with the performed work among which we may specifically indicate
courses, workshops, workplace training—tutelage and private lessons. Moreover, this aspect is
invariably dominated by the countries grouped in the first cluster with the average percentage of
52% of employees aged 25–64 (compared to the EU-28 average of 44%) improving their professional
competences (with employees from the Netherlands, Austria and Sweden at the forefront). More than
a half of employees participating in informal forms of education related with work belongs to the eight
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Member States which, apart from Slovakia, represent the “old” Member States. The lowest average
values for this variable has been produced by employees from the countries grouped in the second
cluster. The situation is the worst in Romania and Greece where only 6% and 17% of employees,
respectively, undertake actions leading to improving qualifications through participation in courses
and training. In Poland, which is placed third to last, 28% of employees aged 25–64 care for their
professional development. In case of the remaining countries, these values exceed 30%, and among
the countries at the forefront, are more than twice as high and exceed 60%. Figure 6 presents the
scatter graph for the EU Member States between the percentage of employees participating in informal
education related to work and work productivity per hour. The average correlation values of these
two variables in relation to workers from the Member States with longer seniority in the EU are visibly
higher than the values in the countries which accessed the EU in 2004 or later. The situation in the
labour market in the area of the researched variables strongly indicates diversification between these
two groups of the EU Member States.
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work productivity per hour. Source: Own study based on research.

The efficiency of employees at the initial stage of their careers, particularly knowledge, skills and
competences at their disposal, is the derivative of the education system in which they participate.
Only at the latter stage do employee skills develop through the expansion of knowledge resulting
from work and by means of CVT. Due to this, the cluster analysis takes into account the variables
referring to the expenditures on the Research and Development in the field of HE, the percentage of
HEIs’ graduates in the STEM fields and the level of digital literacy skills they possess upon entering
the labour market and at the beginning of their careers.

The highest average level of the R&D expenditures in the field of HE measured as the percentage
of GDP (0.6%) has been noted among countries from the first cluster and is higher than the EU average
by 0.2%. This group has been dominated by three Nordic countries (Denmark, Sweden and Finland)
where the level of expenditures is the highest (0.98%, 0.84% and 0.69%, respectively). Ten out of twelve



Sustainability 2020, 12, 5437 21 of 30

places in regards to the R&D activity in the field of HE have been occupied by the ten “old” EU Member
States. Whereas, the last six places in this tally have been occupied by the representatives of the “new”
Member States of the EU belonging to the second cluster. The statistically significant diversification of
the average values between these two groups of countries has been presented in Figure 7. In 2018,
governments of Poland and Great Britain devoted 0.38% of GDP to the R&D activities in the field of
HE. The average for the R&D expenditures in the second cluster is 0.22% and 0.35% in the third cluster.
The lowest, infinitesimal expenditures in this field were incurred by the governments of Bulgaria and
Romania (0.04% and 0.05%).
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Considering the number of STEM graduates (i.e., science, math, IT, engineering,
production engineering and construction) per 1000 individuals, the highest average number of STEM
graduates has been recorded in the third cluster (22 graduates per 1000 individuals). Ireland, France,
and Poland (which belong to the third cluster) and Great Britain (which belongs to the first cluster) are
countries where the number of HEIs’ graduates in the STEM fields is the highest (33, 26, 24 and 24,
respectively). The average number for the entire European Union is 18 graduates per 1000 individuals.
In the first cluster, this number is lower by one person and lower by four persons in the second cluster.
Apart from Poland, the first ten places in this category have been occupied by nine representatives of
the “old” Member States of the EU. We should bear in mind that according to forecasts, the number of
STEM graduates in combination with the highly developed digital literacy skills they should possess,
will be crucial from the point of view of the technological advancement and the increasing demand for
employees possessing competences in these fields.

The important issue relating to the characteristics indispensable in the contemporary and the
future labour markets, touched upon in scientific literature and European Union reports [77–79], is the
subject of employees possessing digital literacy skills. For this reason, this particular variable was also
considered in the cluster analysis by means of Ward’s method. Particular attention has been drawn to
the individuals beginning their professional career, the individuals aged 25–34. The workers from
this age group will be the largest degree of participants effected by the constant changes in the labour
market, and to meet these challenges, they will be forced to display a high level of digital literacy skills.
Across the entire European Union, three out of four workers (75%) can declare to possess basic or
advanced digital literacy skills. The average number for the countries grouped in the first cluster is 85%
and in the third cluster is close to the EU average—72%. The largest percentage of the employees aged
25–34 who declare to possess these types of skills have been noted among the countries from the first
cluster and these have been: Finland (92%), the Netherlands (89%), Great Britain (87%), Germany (87%)
and Estonia (86%). Apart from Estonia, the remaining countries are the so called “old” EU Member
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States. The number of workers who possess such skills is lower than the EU average in as much as
eleven Member States. Less than 50% of workers aged 25–34 in Romania and Bulgaria have been able
to display mastery of basic or advanced digital literacy skills, and in Poland, 66% of workers have been
able to declare to possess such skills.

In correlating the percentage of populace possessing basic or advanced digital literacy skills
with work productivity (Figure 8), the dominant role of the countries from the first cluster and with
the longest seniority in the EU can be observed. Far weaker results concerning digital literacy skills
in relation to work productivity have been observed among the countries with shorter seniority in
the EU, particularly among the countries grouped in the second cluster. It can be assumed that the
governments of these countries, particularly the governments of Romania and Bulgaria, will face an
enormous challenge to overcome in order to improve these numbers. It will also be a challenge for,
as well as the expectation addressed towards, the EU organisation to emphasise even more strongly the
issues of improving competences and introducing changes in the labour market among the workers
from the new Member States in order to level the differences in development, during planning the
European Union budget for the coming period.
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4.3. Suggestions for Future Research

In the context of the broad issue of the labour market and the technological advancement discussed
in the article, a particularly interesting area of research concerning models of employment and the
situation in the labour market in relation to the coronavirus pandemic emerges. The research question
which can be posed under these circumstances is: Will the economic collapse resulting from the
COVID-19 pandemic be a “salvation” for the entrepreneurs who, up till now, were dealing with the
lack of labour force and the increasing demands concerning remuneration? The questions of if and how
the relocation of Member States between the clusters will occur and what it will look like, whether the
economic crisis will accelerate the implementation of new employers-employees relations and whether
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the application of modern technologies will influence (or reinforce) the changes in the labour market
which were already initiated, are also very interesting areas for exploration and research. As it turns
out, companies from the BPO (business process outsourcing), SSC (shared services centre) and ITO
(information technology outsourcing) are already engaged in talks concerning the renegotiation of
office space rental agreements in order to limit the current and future costs. The managers of companies
in these sectors are preparing for transforming the model of employment from a classical full-time
model conducted and performed in an office to a model utilising employees’ own place of living and
remote work. Such a model of work can grow, and an office will become a place for briefings and
conferences where the shift work model will be used based on the office work performed in the office
on selected days of the week by teams of employees divided into groups.

5. Conclusions

The application of the research methods based on the review of related literature, and the
comparative analysis and the variables aggregation method by means of Ward’s cluster analysis,
allowed to complete the established research goals. As the result of this study, it was possible to
answer the research questions posed, and then to isolate the features relevant to the labour market in
consequence of the technological revolution 4.0 for 28 Member States of the EU.

It has been ascertained which countries display similarities in terms of: the labour market situation
and the forms of employment as well as the work productivity measured as the labour productivity;
commitment to and involvement of employers in the process of CVT and Lifelong Learning; education
of future employees in STEM fields and acquiring digital literacy skills, as well as commitment of the
governments of each of the EU Member States to financing Research and Development in HEIs.

The conducted research and the process of agglomeration by means of Ward’s method
allowed to specify the three following clusters of EU countries in the field of variables studied:
Cluster 1 (Austria, Belgium, the Czech Republic, Denmark, Estonia, Finland, Germany, Luxembourg,
the Netherlands, Sweden, United Kingdom); Cluster 2 (Bulgaria, Cyprus, Greece, Hungary, Latvia,
Lithuania, Malta, Romania, Slovakia) and Cluster 3 (Croatia, France, Ireland, Italy, Poland, Portugal,
Slovenia, Spain).

The main conclusions of the study are as follows:

• The first cluster contains the countries with the highest potential in terms of examined features in
comparison with other clusters. They can, in some way, be a model for other EU countries.

• The lowest values of variables referring to the labour market in relation to the process of employees’
education and terms of employment describe the situation in the second cluster which, apart from
Greece, contains the “youngest” members of the EU.

• The high increase in the level of productivity across the span of eight years has been primarily
observed among the new members of the EU. Such a situation should be met with approval as it
indicates that accessing the EU allowed the economies of these countries to develop faster and the
work productivity to improve. This is the goal of providing support to the “new” Member States
under the financial instruments and other forms of aid—to level and mitigate the differences
between regions and Member States. Romania and Poland (and from the “old” EU Member
States—Ireland) are at the forefront of countries where the increase of the work productivity
indicator between 2010 and 2018 has been the highest for the entire EU. To this extent, Greece places
last and is the sole country to record the decrease in productivity in comparison to the year 2010.
It should be definitely perceived as a negative phenomenon and a confirmation of the economic
collapse of that country.

• The highest percentage of workers aged 20–64 employed under fixed period work contracts
exceeding the level of 20% has been recorded in Spain and Poland, where every fourth and every
fifth worker, respectively, is employed under such contracts. Persistence of the rate of fixed term
and short-term employment for a period of up to three months remaining at a high level is not
beneficial from the perspective of an employee and his professional stability. However, it should
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be considered that the currently growing model of employment covering non-standard forms of
employment is based on the decreasing share of indefinite work contracts in favour of other forms.

• The employment rate of women in the entire European Union is lower by 12 percentile points
than the employment rate of men. The greatest disproportions have been recorded in Malta,
Greece and Italy.

• The best situation in terms of administering budget for vocational training in companies has
been noted among the companies located in Spain, France and the Czech Republic. The lowest
percentage of economic operators declaring to have a special budget for CVT of their employees
has been noted in Romania, Bulgaria, Latvia and Poland. Considering the division of countries in
terms of seniority in the EU, this aspect has been clearly dominated by the “old” Member States
in which company owners actively operate for the benefit of CVT and significantly outpace the
representatives of companies from the “new” EU Member States. The fact of employers becoming
engaged in activity of this type for the benefit of employees is largely not appreciated among the
younger Member States.

• Across the entirety of the EU, three out of four employees aged 25–34 (75%) on average, can declare
to possess basic or advanced digital literacy skills. Workers from this age group will be to,
the largest degree, participants of the constant changes in the labour market, and to meet this
challenge, they will be forced to display a high level of digital literacy skills.

• The results of the correlation of employee participation in non-formal work-related education
combined with labour productivity in the “old” EU Member States are clearly higher than in
countries that joined the community in 2004 or later. The statistical significance of diversification
of the average values between these two clusters of the Member States, dependent on the seniority
in the EU, has been confirmed.

• It cannot be unequivocally stated that belonging to the Eurozone has any influence on one group
of countries faring better than the other. However, it can be produced that the members of the so
called “old Union” which are primarily grouped in the first cluster display better values of the
researched variables. It means that nearly 70 years since the establishment of the European Coal
and Steel Community, the ideas of its founders advocating equal development in Europe require
stronger emphasis on providing aid to those Member States which are coping with problems
concerning development and that these problems touch not only the “new” Member States.
These problems are plaguing even Greece, which still has problems with returning to levels
from before 2009, i.e., the two crises Greece had to deal with (the financial crisis of 2008 and the
Eurozone crisis of 2011).

The necessity to adapt employees’ skills to requirements of the changing economy, particularly in
the context of technological revolution, requires paying particular attention to the aspect of continuing
training offered by employers in the workplace as well as the capacity and willingness for upskilling
displayed by the very employees.

The effects of the actions taken in the areas of developing the STEM skills and developing digital
literacy skills as well as the expenditures for Research and Development will become visible in the
future, in the areas of increased work productivity and innovations in the field of economy. For this
reason, governments of the “new” Member States should significantly increase the expenditures in
these areas and take the actions directed at improving conditions. We have to remember that the
appropriately implemented reforms and expenditures in the areas of education and Research and
Development will always result in the added value. Despite the fact that the results may emerge with
a delay, the effects will always be positive and beneficial. The results of the actions taken should be a
vision of the long-term and sustainable economic development, particularly important in the context of
coping with the economic collapse resulting from the COVID-19 pandemic in the turn of 2019 and 2020.

The participation of employers in Continuing Vocational Training of their employees should
always be perceived by employers as an investment in human capital, resulting in increased work
productivity and never as an additional expense. Furthermore, entrepreneurs should emphasise the
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recognition of needs and opportunities for development of their employees of all ages more strongly.
The process of professional development should cover all generations of workers, but for the younger
generation, the opportunity for development and participation in learning and education is particularly
important in the process of selecting a future workplace.

This issue should also be considered from the perspective of entrepreneurs/employers. They are
concerned that investing in development and education of an employee will be unprofitable if an
employee is not loyal and is prone to becoming bored with and changing his job when he will notice
that the expected results of his development are not occurring as quickly as he expected.

Funding: The article came into being within a research project which has been financed by the Ministry of
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Appendix A

Table A1. The values of the researched variables for the EU Member States.

Country No. of
Cluster

EU
Members
OLD = 1
NEW = 2

Euro-Zone
Yes = 1
No = 2

Work
Producti-vity

Per Hour

Employment
Rate

Percentage of
Individuals

Employed for
Fixed Period

Companies with
Budget for
Employees’
Continuing

Vocational Training

Expenditures
for R&D in

HE as a % of
GDP

Companies
Using

Electronic
Management

Systems

Individuals
Possessing

Digital
Skills

Graduates of
HEIs in the

STEM Fields

Employees
Participating in

Informal Education
and Work-Related

Training

Precarious
Employment

for a Period of
Up to 3 Months

Unit of
Measurement - - - Euro % % % % % %

No. of
Individuals Per

1000 People
% %

Austria 1 1 1 53.3 76.2 6.8 32.2 0.71 43 84 22.0 60.4 0.8
Belgium 1 1 1 60.3 69.7 8.5 35.9 0.54 53 73 13.6 45.8 3.5

Czech Republic 1 2 2 9.7 79.9 7.9 42.2 0.41 38 83 16.8 48.6 0.3
Denmark 1 1 2 17.1 77.5 8.8 25.2 0.98 50 84 22.6 47.0 1.0
Estonia 1 2 1 27.6 79.5 3.0 21.3 0.63 26 86 16.5 43.7 1.2
Finland 1 1 1 21.4 76.3 15.1 30.3 0.69 43 92 22.4 51.4 3.5

Germany 1 1 1 73.6 79.9 10.8 19.2 0.56 29 87 20.4 50.7 0.3
Luxembourg 1 1 1 22.1 72.1 9.6 32.9 0.25 41 79 3.8 46.2 1.4
Netherlands 1 1 1 55.6 79.2 17.7 29.6 0.59 48 89 12.0 66.1 0.8

Sweden 1 1 2 56.0 82.4 14.0 27.9 0.84 37 85 15.0 57.3 2.7
United Kingdom 1 1 2 53.6 78.7 4.3 32.3 0.38 24 87 23.6 49.8 0.3

Bulgaria 2 2 2 57.7 72.4 3.7 8.5 0.04 23 44 14.3 31.1 0.6
Cyprus 2 2 1 15.1 73.9 13.7 20.1 0.23 33 59 10.1 42.2 0.5
Greece 2 1 1 22.3 59.5 11.2 11.5 0.33 38 80 17.9 16.7 1.3

Hungary 2 2 2 13.2 74.4 7.1 10.0 0.19 14 68 12.1 49.1 1.9
Latvia 2 2 1 21.8 76.8 2.7 8.6 0.34 32 63 12.7 47.4 1.1

Lithuania 2 2 1 28.0 77.8 1.4 10.0 0.34 48 85 18.9 32.7 0.7
Malta 2 2 1 35.8 75.5 7.5 25.8 0.22 32 79 13.8 36.4 0.4

Romania 2 2 2 57.1 69.9 1.1 8.5 0.05 23 42 15.1 5.8 0.2
Slovakia 2 2 1 44.9 72.4 7.8 20.6 0.20 31 70 14.7 53.4 1.3
Croatia 3 2 2 21.4 65.2 19.3 14.1 0.31 26 86 18.5 37.5 6.5
France 3 1 1 16.6 71.3 15.4 40.2 0.45 48 75 26.0 48.8 4.7
Ireland 3 1 1 82.0 74.1 8.6 27.7 0.24 28 65 32.7 56.4 1.2

Italy 3 1 1 40.4 63.0 16.8 19.9 0.33 35 56 14.5 45.8 3.7
Poland 3 2 2 17.0 72.2 23.9 8.5 0.38 29 66 23.6 27.5 3.6

Portugal 3 1 1 17.4 75.4 21.5 27.1 0.56 42 80 20.6 50.8 2.6
Slovenia 3 2 1 88.9 75.4 14.8 22.4 0.23 33 72 19.4 49.3 3.7

Spain 3 1 1 27.6 67.0 25.9 47.6 0.33 43 77 21.9 42.6 4.2
UE-28 (avg.) - - - 37.8 73.8 11.0 23.6 0.41 35 75 17.7 44.3 1.9
Old-15 (avg.) - - - 53.5 73.5 13.0 29.3 0.52 40 79 19.3 49.1 2.1
New-13 (avg.) - - - 19.6 74.3 8.8 16.9 0.27 30 69 15.9 38.8 1.7

Old-15 = “old” EU Member States, New-13 = “new” EU Member States. Source: Eurostat (accessed on 10 March 2020).
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11. Piątkowski, M.J. The role of IT management systems in enterprise development and building a competitive
position (Rola informatycznych systemów do zarządzania w rozwoju przedsiębiorstwa i budowaniu pozycji
konkurencyjnej). In Problems of Increasing the Competitiveness of Enterprises (Problemy Wzrostu Konkurencyjności
Przedsiębiorstw); Zieliński, K., Ed.; PWN: Warszawa, Poland, 2015; pp. 79–86.

12. Gracel, J.; Makowiec, M. Core competencies of managers in the fourth industrial revolution (Industry 4.0).
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15. Bagieńska, A. Measurement and analysis of the efficiency of human capital in a small enterprise in Poland.
Financ. Internet Q. 2015, 11, 1–9. [CrossRef]

16. Firlej, K.A. Objectives and directions of employment restructuring in the company. J. Manag. Financ. 2013, 1,
195–208.

17. Kurz, C. Industrie 4.0 verändert die arbeitswelt. gewerkschaftliche gestaltungsimpulse für “bessere”
arbeit. In Identität in der Virtualität. Einblicke in Neue Arbeitswelten und “Industrie 4.0”; Schröter, W., Ed.;
Talheimer Verlag: Mössingen, Germany, 2014; pp. 106–111.

18. Windelband, L. Zukunft der facharbeit im zeitalter: Industrie 4.0. J. Tech. Educ. 2014, 2, 138–160.
19. Bendkowski, J. The impact of industry 4.0 on production work. Sci. Pap. Sil. Univ. Technol. Organ. Manag. Ser.

2017, 112, 21–33. [CrossRef]
20. Arntz, M.; Gregory, T.; Zierahn, U. The risk of automation for jobs in OECD countries: A comparative

analysis. OECD Soc. Employ. Migr. Work. Pap. 2016, 189, 1–34.
21. Rüßmann, M.; Lorenz, M.; Gerbert, P.; Waldner, M.; Justus, J.; Engel, P.; Harnisch, M. Industry 4.0: The future

of productivity and growth in manufacturing industries. Boston Consult. Group 2015, 9, 54–89.
22. Hirsch-Kreinsen, H. Wandel von Produktionsarbeit—Industrie 4.0; Technische Universität Dortmund: Dortmund,

Germany, 2014; Volume 38.
23. Hawksworth, J.; Berriman, R.; Cameron, E. Will Robots Really Steal our Jobs? An International Analysis of the

Potential Long Term Impact of Automation; PricewaterhouseCoopers: London, UK, 2018.

http://dx.doi.org/10.1080/10301763.2018.1502644
http://dx.doi.org/10.24818/EA/2019/S13/884
http://dx.doi.org/10.1108/JMD-06-2018-0181
http://dx.doi.org/10.1080/0951192X.2019.1699258
http://dx.doi.org/10.1109/FSKD.2015.7382284
http://dx.doi.org/10.1007/s11277-018-5618-4
http://dx.doi.org/10.12775/AUNC_ZARZ.2017.054
http://dx.doi.org/10.1016/j.promfg.2017.09.032
http://dx.doi.org/10.1515/fiqf-2016-0110
http://dx.doi.org/10.29119/1641-3466.2017.112.2


Sustainability 2020, 12, 5437 28 of 30

24. Ganschar, O.; Gerlach, S.; Hämmerle, M.; Krause, T.; Schlund, S. Produktionsarbeit der Zukunft—Industrie 4.0;
Spath, D., Ed.; Fraunhofer Verlag IAO: Stuttgart, Germany, 2013.

25. Frey, C.B.; Osborne, M.A. The future of employment: How susceptible are jobs to computerisation?
Technol. Forecast. Soc. Chang. 2017, 114, 254–280. [CrossRef]

26. Jagannathan, S.; Ra, S.; Maclean, R. Dominant recent trends impacting on jobs and labor
markets—An Overview. Int. J. Train. Res. 2019, 17, 1–11. [CrossRef]

27. Pietrulewicz, B.; Łosyk, H. Social and education problems at the working space in the fourth-generation
industry context. Probl. Prof. 2018, 2, 69–77.

28. Kergroach, S. Industry 4.0: New challenges and opportunities for the labour market. Foresight STI Gov. 2017,
11, 6–8. [CrossRef]

29. Infuture Hatalska Foresight Institute. Employee of the Future; Infuture Hatalska Foresight Institute: Gdańsk,
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