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peter.szabo@stuba.sk (P.S.); miroslava.mlkva@stuba.sk (M.M.); jana.samakova@stuba.sk (J.S.);
samuel.janik@stuba.sk (S.J.)
* Correspondence: petra.markova@stuba.sk

Abstract: Industry 4.0 will not only change what we are and what we do, but also who we are. As a
result of the rapid introduction of new technologies, which is characteristic for Industry 4.0, there will
be a change in the labour market. It allows people, things and machines to be connected in real time,
thus ensuring that the necessary information is exchanged between them. There are advantages, but
also negatives: one of the impacts of Industry 4.0 is the gradual transformation of the labour market,
leading to a demand for new professional skills and the digitalisation of work. Thus, it brings with it
the need for employees to adapt to the changing sub-conditions of the labour market. The aim of this
article is to identify and highlight the need for changes in the field of competences in connection with
the application of Industry 4.0 methods and techniques. For the purpose of this research, a valid data
collection instrument (questionnaire for the research) was developed and distributed to enterprises
in the field of selected industry sectors in the Slovak Republic. In total, the research sample consisted
of n = 556 respondents. On the basis of the obtained results, we conclude that early identification of
future needs in terms of competences gives the possibility of setting up training activities aimed at
acquiring new, missing and needed-for-the-future competences of employees.

Keywords: competencies; Industry 4.0; labour market; agility

1. Introduction

In recent years, a new paradigm—the so-called fourth industrial revolution—has been
defined with the potential to take industrial processes to higher level [1]. Industry 4.0 can
be defined as an industrial vision that enables the interconnection of people, things, and
machines in real time, thus interconnecting the necessary information between them. The
new trend represented by the fourth industrial revolution of connecting digital and physical
systems creates new challenges for organisations in their search for new ways of how to
apply the concepts of Industry 4.0 and to prepare the workforce for it. Realising the full
potential of Industry 4.0 is linked to companies’ need to understand the new technologies
and their opportunities [2]. Industry 4.0 generates notable benefits which lead to a rise in
productivity and customer satisfaction, and an enhanced ability for innovation [3].

Industry 4.0 concentrates on intelligent processes within the industrial system, these
processes being driven by technologies classified as digital such as IoT, Big Data, CPS and
Cloud Computing (see Figure 1) provide continuous data capture and also, by utilisation
of intelligent sensors, a real-time monitoring of individual processes. The entire system of
process monitoring, data collection and data processing is mainly implemented by using
the Internet and transferring this captured data to large storages within the organisation [4].
Industry 4.0 brings new solutions to achieve flexibility and high performance, allowing
machines to communicate with each other and use all data inside and outside the industrial
process. This allows machines and equipment to operate autonomously and efficiently.
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This also makes the communication between machines and humans easier, whatever their
location, and enables the interaction of multiple devices [5].
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Despite the fact that Industry 4.0 is still in its early stages, a lot of business leaders
and digital visionaries are already looking ahead to Industry 5.0, which will involve
autonomous manufacturing as well as human intelligence and personalisable autonomous
manufacturing. Three billion more individuals are expected to access the Internet by 2025
due to the Internet’s rapid growth and dispersion. Because change is inevitable, but success
is not, we should put a lot of time and care into what we are doing and what we want to
do [6].

Internet of Things (IoT)
As we begin to move towards intelligent organisations in the fourth industrial rev-

olution, communication and simultaneous access to information will take place within
the organisation as a whole rather than just between individuals. The Internet of Things
will be used by every object (human or machine), defined in a cyber–physical system for
communication [7].

With the facilitation of any network or path, the Internet of Things (IoT) makes it
possible to link people and things at anytime, anywhere, with anything and anybody. The
term “IIoT” refers to the application of IoT in industrial organisations and describes how
the technology is being integrated into the industry by connecting sensors, control systems,
connected machines and devices, Big Data and security [8].

Cloud Computing
In conjunction with IoT, cloud computing makes it possible to store, process, and

analyse enormous amounts of data, which helps to execute large-scale simulations of
numerous aspects of industrial organisations [9,10]. According to Legashev’s research, one
of the most popular technical approaches for data collection, processing and further usage
in the corporate environment is Cloud computing [11].

CPS
Cyber–physical systems integrate data, communications, the Internet, and services

with the real world and the virtual world of IT and software. The implementation of CPS
by conducting using of the IoT in industrial organisations contributes to the creation of
enormous quantities of data that are both difficult to analyse and important. Big Data
analysis is used to efficiently analyse enormous data quantities, allowing for the production
of useful results and an assessment of Big Data’s genuine value [8].

Big Data
Significant data and information quantities are generated and collected as a result

of both the Internet’s and Industry 4.0’s dynamic development. Their processing and
analysis are more advanced than what can be done using conventional methods. Big Data
enables quick and effective management of a continually expanding database. Big Data
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technology makes it feasible to analyse and separate significant information and data from
less significant ones, helps to reach common conclusions and further supports the effective
transfer of knowledge to achieve strategic objectives. This technology also processes and
combines data that has been collected from various independent systems, databases, and
websites to provide a complete view of the situation [12]. According to Sadiku et al. [13],
industrial organisations are utilising big data analytics for the reasons listed below:

• Taking ownership of a lot of generated data;
• Using this data to facilitate decision-making and boost productivity.

In 2020, a survey was conducted on the level of digital transformation in industrial
organisations in Slovakia. It revealed that organisations are stagnating in digitalisation
and lagging behind in the implementation of Industry 4.0 opportunities. The biggest prob-
lem for Slovak organisations is building application teams and preparing implementation
strategies. The COVID-19 had also a big impact on the implementation of changes, when
organisations realised that they would cope with the situation better if they were digi-
talised [14]. At the end of 2022, a survey on the level of digitalisation and implementation
of Industry 4.0 in Slovak organisations was conducted again, with the results showing that
just under a quarter of organisations are implementing changes. There are still problems in
Slovak organisations with building application teams and with preparing implementation
strategies. However, the difficult economic situation, global crises and especially the lack
of knowledge about digitalisation in the industry also contribute to the problems with the
introduction of changes. Companies that have Slovak capital and no parent companies
abroad have even greater problems as they have no one from whom to take over the
knowledge in the field of implementing change [14].

1.1. The Changing Labour Market as a Result of Industry 4.0

The Industry 4.0 will not only change what we are and what we do, but also who
we are [15]. The labour market is subject to changes driven by various factors such as
demographic developments, performance in economic cycles but also because of the surge
in the adoption of new technologies, which is characteristic of Industry 4.0 [16]. Accordingly,
one of the impacts of Industry 4.0 is the gradual transformation of the labour market, which
leads to a query for new professional skills and the digitalisation of workplaces that the
labour force has been a historically performing [17]. The natural consequence is then
changes in the skill requirements of the workforce and the labour market in general. This is
followed by the need for new principles of work organisation, a change in the employer’s
role and, naturally, changes in the structure of most professions [16].

As a result of the development of new technologies and the implementation of the
Industry 4.0 concept in industrial processes, we are facing many changes in the form of
employment, worker requirements and job creation. Humans will work in better interaction
with machines [18]. The basis of Industry 4.0 innovation is the intense connection between
the technological subsystem and the human workforce. The positive impact will be a
decrease in physically demanding manual jobs [19]. At the same time, it also brings with it
the challenges of creating new, more flexible and less physically demanding jobs as well as
positions that have not been needed so far, or adjusting those jobs that can be potentially
transformed. On the other hand, jobs that can be fully replaced by automation or the
implementation of artificial intelligence will in the end disappear.

The introduction of the smart industry is thus steadily creating new jobs that did not
exist before. These positions can be directly but also indirectly related to the introduction
of Industry 4.0. Directly, the expansion and implementation of Industry 4.0 is having
an impact on the creation of new jobs for workers finding employment in scientific and
technical fields and also support services. Employees indirectly have more free time and
are willing to shift their resources into activities that they previously had more as a hobby
(leisure activities, sports, education, various services) and this is where the space for the
creation of new jobs opens [20,21].
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It is important to understand the essence of the degree of interdependence between
technology and other elements of the process. Increasing the productivity of the production
system is possible because of the use of sensors, robots and new technologies. In addition,
because of the need to analyze and work with huge amounts of data, it is imperative to use
new working approaches as discussed in [17,22]:

• Techniques and methods (processes and resources);
• Management (organisation and measurement of performance);
• People (skills, thinking and behaviour).

1.2. COVID-19 as a Catalyst for Labour Market Change

The economic shutdowns triggered by the COVID-19 pandemic and the related global
recession in 2020 have created a very uncertain labour market outlook and accelerated the
onset of the future of labour. Skilled labour shortages are not a new phenomenon and were
already a problem in Slovakia in the days before the COVID-19 crisis [23]. The COVID-19
crisis was specific in that some sectors were severely affected, with workers from these
sectors facing large outflows and job instability forcing them to seek other ways of using
their labour [24]. The World Economic Forum (WEF) has published the Future of Jobs 2020,
which maps the jobs and skills of the future and tracks the pace of these changes [23].
UPSVaR data shows that the COVID-19 crisis also had a major impact on the loss of labour
that had previously flowed into Slovakia from other countries at an increased rate [24].

The massive decline was reflected in the reduction of all professions, but the most
significant departure from the Slovak market was of machine and equipment operators,
who are also the largest number of people employed on the market. The change in labour
market trends is also confirmed by the Manpowergroup survey. According to the survey, up
to 68% of Slovak employers stated that they have difficulties in recruiting new employees
regardless of the company size, and in SMEs this problem is even more noticeable [24].

Currently, the Slovak labour market is struggling with a shortage of employees in
certain occupations specified by the most well-known job portals and professional organi-
sations in their internal statistics, namely: teachers, nurses/sanitarians, waiters/waitresses,
agricultural and food production technicians, bricklayers, chauffeurs/cooks, machinists,
information technology workers and production operators [25].

These statistics are confirmed by the questionnaire surveys carried out so far, the
results of which show that there is a clear demand for workers from the industrial engi-
neering/mechanical engineering, manufacturing and construction sectors. The second
area where the greatest demand for labour is currently found is information sciences and
communication technologies. Another significant area where employers are experienc-
ing a shortage of workers is in the area of health and social services. The next fields of
employment where an overwhelming majority of employers are experiencing a shortage
of workers are services, natural sciences, mathematics and statistics, agriculture, forestry,
fishing and veterinary medicine. On the contrary, employers experience the least shortage
of available workforce in fields such as workers with arts and humanities education, as
well as graduates of social sciences, journalism and information [16]. Summarising these
results, it can be stated that the Slovak labour market is in urgent need of technical work-
ers in engineering, manufacturing, construction, information science and communication
technology and specialists in all areas of health care and social care.

Paradoxically, the COVID-19 pandemic accelerated some trends as some activities had
to be digitalised. The digitalisation of many areas has also led to a more rapid change in the
demands on the workforce. This is also confirmed by the aforementioned Manpowergroup
survey. Employers are looking more for employees with soft skills, such as responsibility,
resilience, reasoning and creativity. At the same time, they are also looking for people
with more knowledge of digital technologies. Processes are changing through robotics and
software upgrades, which calls for a greater need to retrain the labour force.

Several employers have already reconsidered their approach to employment based on
the experience of the pandemic, and a large number of Slovak companies have expressed a
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desire to allow their employees greater flexibility even in jobs that are perceived as inflexible.
Specific measures taken by employers include: flexible start and end of working hours;
a mixed model of remote and on-site working; the introduction of flexible or condensed
working hours; shared workplaces; or the possibility of individual choice of the location
from which an employee wants to work [24].

1.3. The Future Work Force for Industry 4.0

The Fourth Industrial Revolution affects the requirements of the current workforce,
which will in many cases be forced to retrain, but it also affects the requirements of the
workforce that is yet to come on the labour market in the future. The impact of Industry 4.0
will be that industrial job positions will decline and many of those positions will move
to the service sector. The skills requirements of the workforce will change under the
impact of these changes. There will also be a fundamental change in the requirements
for education. Inequalities can already be observed today, which in many cases should
have been addressed several years ago. Early identification of the need for changes in the
educational structure will ultimately help the Slovak economy to remain competitive [16].
These conclusions were also agreed upon by experts, for example at the Skills for an
Unknown Future conference. The scientific community is aware of the change in the
content of professions: many professions are disappearing, and others are emerging and
this is connected with the need for a person to change their profession several times in their
lifetime [26].

Industry 4.0 therefore brings with it the need for a workforce to adapt to changing
labour market conditions. The ability to learn and adapt to new workplace conditions and
the new demands that employers will place on the workforce is coming to the fore [27].
Communication, creativity, technical literacy and learning will become key skills in the
new conditions of Industry 4.0 [28].

It is estimated that labour substitution will threaten 55% of jobs in Slovakia [29]. In
response to these changes, Slovakia will need to take steps to adapt to this major market
shift [30].

The vision of Industry 4.0 will therefore have a major impact on the skills required in
the labour market. The need to consider their social impact will become a necessity. These
impacts will lead to new principles of work organisation, from changing the employer’s role,
to changes in the structure and skills that will be in the job description of most professions,
which will be completely changed, and there will be impacts on the development of
employment and unemployment, which will require a new policy framework for the
labour market and education [31].

The need to improve the digital skills of European citizens has also been addressed
by the European Commission, which has called on EU Member States to develop digital
skills early at all levels of education and training and to promote quality digital literacy in
schools, to promote the development of digital skills in adults and to address shortages in
IT professions by adopting inclusive strategies.

This is driven by the rise of automation, which will bring people into new areas of
activity. Instead of manual work, employees will be tasked with controlling robots, for
example. In the past, working with computers and modern technology was the job of only
some professions, but today no one can afford to avoid it. We must also take into account
the massive development of artificial intelligence, whose impact on the labour market will
be so intense that 65% of today’s children in primary education, after obtaining a diploma
or degree, will in the future enter jobs that do not even exist today. Artificial intelligence
will not only automate manual work, but experts say it will also change the type of work
that employees do [26].

New professions are expected to emerge in the next 10–20 years as a result of the
development of new technologies. In particular, they will be used in industrial practice [26]:

• Expert in labour relations between people and machines—new demands will be
placed not only on the workers themselves, but also on current and future managers.
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Managers will have to harmonise the functioning of people and machines in the
company, for which they must, in addition to knowledge of HR and psychology, also
have at least a partial knowledge of informatics or engineering.

• Drone transport dispatcher—they will coordinate drone transport and analyse or
provide service of individual machines. The new generation of transport should move
into the air (parcel transport or road traffic control).

• Cyber Attack Predictor—in addition to attacks on individuals and malware, we are
already seeing attacks on some governments in modern times. Therefore, the ability
of states or organisations to predict such events will be key to ensuring their security.
This is also reflected in the growing interest in cybersecurity professionals who can
predict such crises.

The digitalisation of jobs will have both positive and negative impacts for employees.
Employees performing stereotypical manual jobs will probably be forced to retrain and
change jobs, and the group of employees without the required technical skills will not be
able to get a job anymore. Research to date confirms that more jobs will be created than
lost, but these will be altered or even entirely new (based on data from WEF Future of
Jobs 2023 [32]. Several foresight analyses suggest that the positive impacts of technology
adoption on job creation offset the job losses associated with automation. Automation
affects indirect employment growth in industry and consumer sectors and increases overall
demand, which ultimately leads to net employment growth. However, the current labour
market is not adapted to the rapid development of technology, especially in terms of the
digital skills of employees. Disparities can occur if certain groups of people choose not to
adapt to developments, not to widen their skills and expect to be exempted from these
changes, which is not the case. It becomes necessary to retrain and supplement the digital
skills not only of older people who do not have them yet but also of younger employees
who, in many cases, have graduated in fields that are not in demand in the labour market
in the long term [33].

1.4. Industry 4.0 and Agility

Industry 4.0 is creating a new, dynamic environment. Leaders should learn new
management behaviours for the need to communicate with both the internal and external
environment of their organisations. This is possible by adopting the strategies of agile
management [34]. According to the literature, Industry 4.0 is a way for enterprises to
markedly enhance their dynamic capability of agility [35]. Agility is the ability to create and
respond to change. It is a way of dealing with, and ultimately succeeding in, an uncertain
and turbulent environment [36]. According to The Oxford English Dictionary: “agility is a
term meaning the ability to think quickly and in an intelligent way” [37].

The terminology of agility is understood in a number of different ways. It can be
viewed as a set of behaviors, concepts, and techniques that are characteristic of agile ways
of working. At the core of agile management are shared values and behaviours. Agile
teams are mixed, consisting of developers, analysts, testers and customer representatives.
Team members have diverse skills and experience and are motivated to move forward
together [38]. The agile team must be self-organised [39] and is responsible for managing
the planning process, independently assigning activities and ensuring that all assigned
activities are carried out to a high quality and as agreed in advance with those involved
in the project [40,41]. The agile team is formed of experts from different fields. However,
there is a certain set of competencies that is common to them. In the context of the
needs of Industry 4.0, people with competences that cannot be replaced by automation
and digitalisation will increasingly be in demand on the labour market. At the same
time, it is also necessary to adapt employees to the new demands. Universal, so-called
transferable competences are considered to be the most required competences [42]. The key
competencies (Table 1—completely self-processed, based on IPMA guide [43]—a table with
competencies is not included in this guide) that organisations need to foster in Industry 4.0
and for agility are:
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1. Social competences: Social competences are determined by empathy and social
skills [44]. They create social behaviours that enable and facilitate the establishment
and maintenance of positive interpersonal relationships [45].

2. Technical competencies: Up-to-date knowledge, technical skills, process knowledge,
media skills, coding, understanding of cyber security [42]. Agile technical competen-
cies also include agile development. Agile development competencies help define
success in any role that requires expertise of the agile method: agile frameworks and
concepts, agile planning, agile product management, agile scaling frameworks, agile
team management, agile tooling, building agile acumen [46].

3. Behavioural competences: Behavioral competencies help make better talent decisions
based on the specific behaviors and soft skills that drive organisation forward. This
type of competencies can be explained as the sum of traits, abilities and motivations
needed to deliver effective performance, regardless of job in an organisation [47].

Table 1. Key competences in the context of Industry 4.0 and Agile (Own processing based on [43]).

Competence Table Key Competence

Behavioral
Competencies

Strategy Entrepreneurship; Reflection on organisational goals; Strategical thinking

Governance, Structures and
Processes

Agile Mindset; Design Thinking; Lean attitude; Servant leadership; Vision on Waste
Reduction

Compliance, Standards and
Regulations Critical Thinking; Leading by Example

Power and Interest Discovering values; Sensitivity; Team focus

Culture and Values Bridging different cultures; Cultural Awareness; Respect for other cultures and
values; Value awareness

Social
Competencies

Self-reflection and
self-management

Emotional intelligence; Limits the amount of personal work in progress; Promotes
self-management; Self-reflection and self-analysis, Willingness to learn

Personal Integrity and
Reliability

Ethical; Individual agility; Resilience under pressure; Respectful; Role model of
agility; Transparency

Personal Communication Authenticity; Body language; Communication skills; Conciseness; Empathy;
Non-steering feedback

Leadership Agile role model; Coaching techniques; Creating a team spirit; Discussion skills

Teamwork Aligning multiple teams; Building and maintaining relationships; Facilitation skills;
Fosters a feedback culture; Neutrality; Team coaching; Training development

Conflict and Crisis Conflict coaching; Crisis management; Diplomatic skills; Moderation skills;
proactive; Stress resistance

Resourcefulness Facilitates problem solving; Identifying and seeing different perspectives

Results Orientation Efficiency; Effectiveness and productivity; Facilitates multiple teams; Sensitivity to
organisational do’s and don’ts

Technical
Competencies

Design Contextual awareness; Empirical working; Handling of complexity; Incorporation of
lessons learned; Recognises success factors and criteria

Business Goals, Requirements
and Value Formulation of the solution; Stakeholder relationships; Strategic Thinking

Organisation and Information Cross-sectional alignment; Simplifying; Information sharing; Stimulates
self-organisation

Quality Uncompromising towards quality

Finance Developing a budget; Negotiating with sponsors; Reading financial statements

Resources Working with the available resources

Procurement Contract administration; Trust-based cooperation with suppliers

Plan, Adopt and Control Backlog refinement; Facilitating planning sessions; Removing impediments
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Table 1. Cont.

Competence Table Key Competence

Risk and Opportunity Welcoming uncertainty and change

Stakeholders Contextual awareness; Networking skills; Strategic communication skills

Select and balance Ability to make trade-offs; Capacity Analysis; Decision-making models and
strategies; Dependency mapping

If you want to achieve business agility, it is recommended that you master the compe-
tencies defined in SAFe® (ScaledAgile framework) [48]. SAFe® is a set of organisational
and workflow patterns for implementing agile practices [49]. SAFe® talks about seven
competencies. For each competency there is a series of practices, activities or artifacts that
help to improve that competency: lean–agile leadership, team and technical agility, agile
product delivery, organisation solution delivery, lean portfolio management, organisational
agility, continuous learning culture [48]. SAFe® is a body of knowledge that incorporates
frameworks such as Scrum, Extreme Programming, Kanban and Lean at the team level [50].

2. Materials and Methods

The aim of this research is to identify and highlight the need for changes in the area of
competences in the context of the application of Industry 4.0 methods and techniques.

Empirical data on the subject of this research were collected on the basis of a scientific
questionnaire, which was designed on the basis of a study of the literature, available
publications in the field and the experience of the authors of the paper, and was validated
by expert judgement in a pilot survey. It contained 37 closed-ended questions, with the first
part focused on the identification and demographic characteristics of the respondents. With
regard to the focus of the subject of this research publication, only a part of the obtained
data was used, which focused on the problematics of identification, use and the need
to expand competences in accordance with the requirements of Industry 4.0. Given a
descriptive explanation of pre-existing phenomena and facts, explanatory research that
seeks an explanation for a particular phenomenon was used.

Basic thought processes such as analysis, synthesis, abstraction, concretisation, deduc-
tion, comparison, etc., were used to elaborate the paper. Data interpretation was handled
through descriptive and quantitative statistical methods. Parametric and non-parametric
statistical tests were used to test the relationships between dependent and independent
variables. The collected data were processed using Microsoft Excel and IBM SPSS 22.0 (Sta-
tistical Package for the Social Sciences). The anonymity of the respondents was maintained
in the processing of the results.

The research sample consisted of employees of industrial enterprises of all sizes in
Slovakia, numbering 556 respondents. Out of this number, 80 (14%) of the respondents
work in the public and state administration sector, 138 (25%) in the service sector and
338 (61%) in the industrial production sector. Given the thematic focus of our paper, we
focus on selected organisations operating in the industrial sector. The selection of the
industries included in the survey is based on the need to filter out industries that are not
directly related to the automotive industry; given this, it can be declared that the sample
studied is representative of the automotive industry and the supporting industries of this
industry. The distribution of respondents operating in the selected sectors of the industry
is presented in Table 2.

From the results of the questionnaire survey, we identified that 196 (76%) of the
respondents belong to the category of large organisations (250 employees and above),
45 (17%) belong to the category of medium organisations (up to 249 employees) and 19 (7%)
belong to the category of small organisations (10 to 49 employees). Micro-organisations (up
to 10 employees) were excluded considering the focus of the paper.



Appl. Sci. 2023, 13, 8547 9 of 18

Table 2. Selected sectors of industrial production (Source: own processing, 2023).

Industrial Production Sectors Absolute Frequency Relative Frequency

automobile industry 134 52%
engineering, metalworking and metallurgy

and other production 79 30%

design and engineering 10 4%
chemistry and plastics 25 10%
transport and logistics 8 3%

information technology, telecommunications 4 1%

overall 260 100%

In our sample, 57 (22%) employees are working as production employees, 87 (33%)
are working as specialist employees, 65 (25%) are working as administrative employees
and 51 (20%) respondents are working as managerial (management) employees.

3. Results

In achieving the objective stated above, the following research questions and hypothe-
ses were defined and evaluated, statistically tested and interpreted. The results of the
research may be influenced to some extent by the willingness to disclose unfavourable
results on the part of the organisations that participated in the survey. Another factor may
be the generational changes of managers, which often has a major impact on changes in
processes, thinking and perceptions of the need for change.

RQ1: Do you feel threatened by the introduction of new technologies in your organisation?

Based on the answers from the respondents (see Table 3), we can conclude that as
many as 84 (33%) do not feel threatened by the introduction of new technologies into
the organisation. Another 66 respondents (25%) assume that the introduction of new
technologies will just positively affect their work. Conversely, 40 (15%) respondents think
that new technologies will affect their work minimally. Among the respondents, there were
also 28 (11%) who do not think about the introduction of new technologies at all. From
the above results, we can observe that 42 (16%) of the respondents feel threatened by the
introduction of new technologies, whether they are worried about their job, e.g., as a result
of the COVID-19 pandemic. The results can be attributed to the fact that organisations
do not dedicate enough space to communicate the benefits of the technological changes
being introduced and, most importantly, do not communicate enough the fact that the
main objective of introducing Industry 4.0 techniques and elements is not the targeted
dehumanisation of the production process, but the facilitation of work with the aim of
increasing performance.

Table 3. Responses to the question “Do you feel threatened by the introduction of new technologies?”
(Source: own processing, 2023).

Production Worker Administrative Staff
Member Employee Specialist Management

Position Overall

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

yes, I am worried
about my place 9 16% 3 5% 2 2% 1 2% 15 6%

yes, I am afraid it
will have a

significant negative
impact on my work

6 11% 2 3% 6 7% 0 0 14 5%

I think it will affect
my work to
a minimum

10 18% 14 22% 10 11% 6 12% 40 15%
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Table 3. Cont.

Production Worker Administrative Staff
Member Employee Specialist Management

Position Overall

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

no, assume I that
this will have a

significant positive
effect on my work

3 5% 17 25% 25 29% 21 41% 66 25%

I don’t feel
threatened 18 32% 19 29% 29 33% 18 35% 84 33%

I did’t think about it 7 11% 7 11% 12 14% 2 4% 28 11%

I am worried about
my work for other

reasons (e.g.,
economic

consequences of
COVID-19)

4 7% 3 5% 3 4% 3 6% 13 5%

57 100% 65 100% 87 100% 51 100% 260 100%

Hypothesis 1 (H1). There is a significant difference between employees in different posi-
tions and the feeling of threat from the introduction of new technologies.

The hypothesis was tested on the basis of job positions and the results are shown in
Table 4. The hypothesis was tested by ChiSquare test and the strength of the correlation
was determined by Cramer’s V and the results are shown in Table 5.

Table 4. Results of Hypothesis 1 (Source: own processing, 2023).

Value df Asymptotic Significance (2-Sided)

Pearson Chi-Square 41.721 a 18 0.001
Likelihood Ratio 45.894 18 0.000

Linear-by-Linear Association 4.282 1 0.039
N of Valid Cases 260

a. 11 cells (39.3%) have an expected count of less than 5. The minimum expected count is 2.55.

Table 5. Results of Hypothesis 1–Cramer’s V (Source: own processing, 2023).

Value Approximate Significance

Nominal by Nominal Phi 0.401 0.001
Cramer’s V 0.231 0.001

N of Valid Cases 260

Significance was found to be less than 0.05, meaning that we reject H0 at 0.05 level of
significance, implying that there are significant differences among employees in their feel-
ings of threat from the introduction of new technologies. According to the value of Cramer’s
V, 0.231, the result is that the dependence between the variables is moderately strong.

RQ2: In which aspect do you perceive your disadvantage as an employee, or when
looking for a new job?

Respondents could select multiple choices for the above question (see Table 6). As
many as 100 (20%) of respondents cited a lack of language skills as their biggest disad-
vantage as an employee or when looking for a new job in any position. The next most
frequently identified option was 60 (12%) of respondents citing work experience in only
one area. As many as 55 (11%) respondents cited age as a disadvantage. Since we did not
examine the age structure of the respondents, both a low or high age are implied here. In-
terestingly, only 74 (15%) of the respondents stated that they did not feel any disadvantage
due to the introduction of new technologies.
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Table 6. Responses to the question “In which aspect do you perceive your disadvantage as an
employee, or when looking for a new job?” (Source: own processing, 2023).

Production Worker Administrative Staff
Member Employee Specialist Management

Position Overall

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

Absolute
Frequency

Relative
Frequency

profession (some
professions are more

at risk)
8 7% 5 4% 9 5% 4 5% 26 5%

skills (lack of skills
or qualifications) 15 13% 11 8% 17 10% 4 5% 47 10%

health restrictions 7 6% 2 1% 6 3% 1 1% 16 3%

geographical
(limited

opportunities in
the region)

5 4% 13 10% 12 7% 6 8% 36 7%

life situation 2 2% 5 4% 4 2% 3 4% 14 3%

age (low or high age
may be a

disadvantage)
12 11% 15 11% 23 13% 5 7% 55 11%

gender (more
women or men may
be disadvantaged)

4 4% 8 6% 6 3% 1 1% 19 4%

lack of language
skills (foreign

language)
21 19% 31 23% 34 20% 14 19% 100 20%

insufficient work
experience 11 10% 16 12% 16 9% 4 5% 47 10%

work experience in
one area only 16 14% 15 11% 20 12% 9 12% 60 12%

I don’t feel
disadvantaged 12 11% 13 10% 26 15% 23 31% 74 15%

overall 113 100% 134 100% 173 100% 74 100% 494 100%

Hypothesis 2 (H2). There is a significant difference in the perception of one’s disadvantage
as an employee in different job roles.

The hypothesis was tested on the basis of job positions and the results are shown in
Table 7. The hypothesis was tested by ChiSquare test and the strength of the correlation
was determined by Cramer’s V and the results are shown in Table 8.

Table 7. Results of Hypothesis 2 (Source: own processing, 2023).

Value df Asymptotic Significance (2-Sided)

Pearson Chi-Square 29.722 a 24 0.194
Likelihood Ratio 27.938 24 0.263
N of Valid Cases 475

a. 2 cells (5.6%) have expected count less than 5. The minimum expected count is 4.00.

Table 8. Results of Hypothesis 2—Cramer’s V (Source: own processing, 2023).

Value Approximate Significance

Nominal by Nominal Phi 0.250 0.194
Cramer’s V 0.144 0.194

Contingency Coefficient 0.243 0.194
N of Valid Cases 475

Significance was found to be greater than 0.05, which indicates that we do not reject
H0 at the 0.05 level of significance and implies that there are no significant differences
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between employees in their feelings of disadvantage. Since the value of Cramer’s V is 0.144,
the result is that the dependence between the variables is very weak.

RQ3: Which competences (skills) do you consider most important in the light of digital-
isation and automation of work (0 don’t know; 1 least important to 5 most important)?

In the following research question, we focused on the competencies (skills) that
employees consider most important in the light of the digitalisation and automation of
work. Respondents were given the opportunity to comment on the question using a Likert
scale, with individual scores representing 0 (don’t know); 1 (least important) to 5 (most
important). Table 9 shows the mean values of the responses, and we have removed the
0 rating (to eliminate distortion of the data due to don’t know responses). Digital skills
and technical (‘professional’) skills were ranked as most important. Next in order is the
ability to learn, and we can conclude that the most frequently mentioned abilities (skills)
are closely related to the introduction of new Industry 4.0 technologies.

Table 9. Average responses to RQ3 (Source: own processing, 2023).

Production
Worker

Administrative
Staff Member

Employee
Specialist

Management
Position Overall

technical (professional) skills 3.491 3.313 3.476 3.549 3.453

communication skills 3.088 2.862 3.165 3.157 3.07

organisation of time at work,
work tasks 3.036 2.859 3.012 3.059 2.988

ability to manage and make
decisions 3.019 2.938 3.024 3.255 3.048

ability to learn 3.351 3.062 3.447 3.353 3.310

ability to work under pressure 3.074 2.937 3.183 2.843 3.028

digital capabilities 3.607 3.406 3.440 3.451 3.471

foreing languages 3.556 3.169 3.176 3.220 3.264

social (ability to get along with
other people) 2.891 2.969 2.744 2.627 2.810

initiative (entrepreneurship,
commitment) 3.148 3.078 2.768 3.118 3.000

flexibility, adaptation 3.357 3.031 3.354 3.314 3.265

creativity and innovation 3.327 3.127 3.157 3.510 3.258

Hypothesis 3 (H3). There is a significant gap between employees in different roles in the
skills needed in the context of digitalisation and automation of work.

The hypothesis was tested on the basis of job positions and verified using analysis of
variance (ANOVA) and the results of the testing are presented in Table 10.

For each skill category, the significance level came out greater than 0.05, i.e., we do not
reject H0 at the significance level, which implies that there are no significant differences
in the skills of employees in relation to digitisation and automation of work. For all
tested jobs, individual skills are important, but their level depends on the nature of the
work performed.
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Table 10. Analysis of variance (ANOVA) (Source: own processing, 2023).

ANOVA

Sum of Squares df Mean Square F Sig.

technical (professional) skills
Between Groups 1.858 3 0.619 0.273 0.845
Within Groups 567.075 250 2.268
Total 568.933 253

communication skills
Between Groups 3.990 3 1.330 0.763 0.516
Within Groups 442.754 254 1.743
Total 446.744 257

organisation of time at work,
work tasks

Between Groups 1.490 3 0.497 0.303 0.823
Within Groups 411.475 251 1.639
Total 412.965 254

ability to manage and make
decisions

Between Groups 3.057 3 1.019 0.566 0.638
Within Groups 444.369 247 1.799
Total 447.426 250

ability to learn
Between Groups 5.799 3 1.933 0.842 0.472
Within Groups 583.395 254 2.297
Total 589.194 257

ability to work under pressure
Between Groups 4.353 3 1.451 0.883 0.451
Within Groups 404.451 246 1.644
Total 408.804 249

digital capabilities
Between Groups 1.405 3 0.468 0.214 0.887
Within Groups 550.124 251 2.192
Total 551.529 254

foreing languages
Between Groups 5.922 3 1.974 0.976 0.404
Within Groups 505.405 250 2.022
Total 511.327 253

social (ability to get along with
other people)

Between Groups 4.031 3 1.344 0.823 0.482
Within Groups 404.826 248 1.632
Total 408.857 251

initiative (entrepreneurship,
commitment)

Between Groups 6.684 3 2.228 1.466 0.224
Within Groups 375.316 247 1.519
Total 382.000 250

flexibility, adaptation
Between Groups 4.738 3 1.579 0.847 0.470
Within Groups 464.519 249 1.866
Total 469.257 252

creativity and innovation
Between Groups 5.432 3 1.811 0.987 0.399
Within Groups 454.802 248 1.834
Total 460.234 251

4. Discussion

The rapidly changing process of the technological and digital world is taking place
in all areas and in all industries, as the business world is being transformed by the fourth
industrial revolution [34]. As the conducted surveys have shown, Slovakia falls far behind
developed countries in terms of the digital skills of its employees, but their education is
the only route of change for future development. Industry 4.0 requires new skills and
competences of employees, which is why it is essential to strengthen employee training!
They need to have knowledge of ICT systems, self-matching technologies, data analysis,
etc., in the context of application changes [14]. The early identification of future needs in
terms of competences makes it possible to adjust training activities towards the acquirement
of new, missing and necessary competences for the future.

Various studies specify the necessary key skills that successful workers should have
in the future. The WEF’s report on the future of jobs identifies 10 key skills that today’s
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workforce should inevitably already possess, given that more than a third of skills are
expected to change over a 5-year timeframe. These include: creativity, emotional intelli-
gence, analytical thinking, active learning, judgement and decision making, interpersonal
communication skills, leadership skills, diversity and cultural intelligence, technology
skills, embracing change [51].

The need to improve key workforce skills is also being addressed by researchers at
the Institute for the Future, who, in collaboration with the University of Phoenix, have
released a study naming 10 key skills necessary for a successful workforce in the next
decade, which we share, and which we are adding business agility to, based on the partial
results of previous research. The qualities needed for success in the coming years are as
follows from the IFF Future WorkSkills [52,53]:

• Sense-making—The ability to select only the relevant items from the data. Intelligent
machines can take over routine production and services but there will still be demand
for activities they do not control, such as understanding what numbers mean from
data warehouses and spreadsheets from praxis.

• Social intelligence—Empathy, i.e., the ability to make deep and intense contact with
others to sense and stimulate reactions and desired interactions, i.e., listening to them,
understanding how they might be feeling and being able to adapt communication
according to their needs. Given the globalisation of work, it is necessary to be able to
function in an international environment, to understand not only the closest colleagues
but also colleagues from different cultures with whom they will meet in the workplace
or through virtual teams at a distance.

• Novel and Adaptive thinking—Positions requiring abstract thinking or manual tasks
are becoming increasingly important. Both categories of roles require ‘situational
adaptation’, i.e., the ability to respond to unique unexpected situations requiring new
thinking and the ability to adapt, which will continue to be the domain of the human.

• Cross-cultural competency—The ability to work in different cultural environments.
We are already in a globally connected world and businesses are often part of in-
ternational conglomerates and not limited to just one country. With this comes the
need to have the skills and abilities of workers (language skills, ability to adapt to
changing circumstances, ability to perceive and respond to new contexts) to work in
any geographic environment.

• Computitonal thinking—With the implementation of Industry 4.0 comes the process-
ing of huge amounts of data—“big data”. As the amount of data that will need to be
processed grows, businesses will also expect employees to have a basic understanding
of programming and statistical methods. Employees will need to be able to select
the essential data from the vast amount of data and learn to ignore the remaining
information. Workers will need to be able to select the appropriate data, so they will
need to be able to use tools that allow data to be filtered automatically.

• New media literacy—new media forms are now being used for communication. Text
on the Internet is increasingly being replaced by photographs, videos, blogs and
podcasts. This trend will also be transferred to the workplace. A new generation of
workers will be forced to be fluent in forms such as video and be able to critically ‘read’
and evaluate in the same way they have previously evaluated texts or presentations.
Thus, it will become increasingly important for content consumers not only to be
able to select the relevant information from the quantum of information, but also
to be able to comfortably create and present their own visual information. Working
with graphic editors (video and photo editing), using games in business practice or
excellent knowledge of social networking functionalities are prerequisites.

• Transdisciplinarity—Being specialised in only one field will be insufficient. There is a
need to understand concepts in multiple disciplines. This implies the need to deepen
continuous knowledge of the field in which the worker is an expert but at the same
time to take an active interest in developments in other disciplines. Formal education
will no longer be sufficient in the future; lifelong learning will become necessary.
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• Design mindset—The ability to represent and develop tasks and work processes for
desired outcomes. With the use of sensors, communication tools and the computing
power of the PC world come new opportunities to apply a design approach to work.
Workers will need to become skilled at recognising the kind of thinking that different
tasks require and adapt their work environment to enhance their ability to perform
these tasks.

• Cognitive load management—Preparing for continuous work environment changes.
There is a trend towards work–life blending, which implies that workplaces should be
reconfigurable so that employees feel comfortable at work and are able to perform at a
high and sustainable level. Related to the virtualisation of work is the necessary ability
to differentiate and filter information in terms of relevance and to maximise a human’s
cognitive functioning using a variety of tools and techniques. The new generation
of workers will need to develop their own techniques to deal with the problem of
cognitive overload, and they will also need to become proficient in the use of new
tools to help them cope with the onslaught of information.

• Virtual collaboration—Remote working is becoming more and more widespread
due to the globalisation of work. The ability to work productively, to manage and
demonstrate presence as a member of a virtual team, to be able to communicate with
colleagues working from the other side of the world or country, is becoming a necessity.
Virtual team leaders must learn to work effectively with people they may never meet
in person and be able to apply management tools in a virtual environment. Virtual
team members need to improve their skills in finding a supportive environment that
promotes productivity and well-being.

• Business Agility—the employee’s ability to compete and thrive in the digital age by
responding flexibly to market changes, as well as reflecting on emerging opportunities
with innovative and digitally-enabled business solutions [54]. It is a set rganizational-
nal skills and work behaviours that allows freedom, flexibility and resilience to achieve
goals [55].

The results of our research show that employees themselves are aware of the need for
new skills that they do not yet possess or only to a limited extent. This creates a favourable
environment for the application of learning on the part of employees who are willing to
acquire the necessary skills. Our findings show that employees feel most strongly about the
need for digital skills and technical (vocational) skills and the ability to learn. The research
results show that on the employees’ side, the skills (“competences”) closely related to the
introduction of new Industry 4.0 technologies are perceived as the most needed.

The results also show that the idea that the implementation of Industry 4.0 is not a
means of dehumanising work but a way to reduce the physical demands of work needs
to be better publicised. This is important so that employees are motivated to acquire the
missing skills and do not sabotage the implementation of Industry 4.0 because of the fear
of losing their jobs.

However, it is necessary to look at the issue of the skills needed in the future com-
prehensively, not only from the subjective perspective of employees but also from the
perspective of the needs of industrial practice, given the rapid technological innovation
where employees will soon share their workplaces with artificial intelligence and robots [51],
the need to stay ahead of the competition and also by embracing the idea of the need for
lifelong learning.

5. Conclusions

In future research it is possible to continue the specification of the missing key skills of
individual generations of employees, including those already working but also entering
the labour market, on the basis of which it will be possible to address the preparation of the
system of education at all levels of education and training for the acquisition of the required
qualifications in the labour market in accordance with the requirements of Industry 4.0,
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in the new setting of labour market and education policies. Constraints that may have
influenced the research results are listed above (see Section 3).
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