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THE USE OF EDUCATION 4.0 TOOLS IN TERTIARY
EDUCATION SYSTEM IN SLOVAKIA

Abstract. This paper examines the use of digital learning tools in a technological higher education
institution in Slovakia in the context of Industry 4.0 development. Based on a literature review and
empirical findings from interviews with education professionals at higher education institutions,
this article discusses the critical issues and challenges in the application of some of the Education
4.0 digital learning tools, namely Building Information Modeling (BIM) technology, augmented
reality and digital game environment. In this paper, the use of digital learning tools and the
collaboration of teachers and researchers are presented as a promising practice of the Slovak
University of Technology in Bratislava. This higher education institution reflects current
innovative trends in the Education 4.0 concept, e.g. Building Information Modeling technology
and augmented reality methods are used as part of a modular learning system, using sensors in
manufacturing, preventive maintenance, simulation, design, and 3D printing. Data collection was
realized by web pages analysis including webpages of the faculties and by interviews in a sample
of educational professionals.

The key challenge for the Slovak education system is the improvement of the interconnection
between the education system and the industry.The current effort of the scientists and teachers is to
identify future trends, techniques, experiences, and skills needed to succeed in the education
associated with the requirements of the Industry 4.0 environment. The paper discusses augmented
reality with its benefits in time efficiency, ergonomics, and ecological issues. Specific challenges
in Education 4.0 learning tools are analysed considering students’ age, attitude towards digital
technologies, previous experiences, and situation awareness. The paper stresses the importance of
strategical support of Education 4.0 digital learning tools application in the educational process in
Slovakia.

Keywords: digital learning tools; Education 4.0; higher education institution; technological
education; digital competences; augmented reality.

1. INTRODUCTION

Problem statement. The Slovak government, like governments in other countries,
focuses on the adoption of digital technologies in the education system to increase its quality,
to improve the graduates’ chances on the labour market, and to equip them with competencies
necessary for the digital era [1]. However, Slovakia belongs to a group of countries with low
digital performance. In 2018 Slovakia ranked in The Digital Economy and Society Index
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(DESI) as 20th out of 28 EU Member States [2]. Currently, the increasing importance of
digital performance is being addressed in terms of differences in competencies acquired
through education in Slovakia and identified expectations of practice [3].

Even though the education strategies are ambitious, critical opinions about the
unsatisfactory quality of education are heard from employers, managers, HR professionals,
experts in the economy, and the labour market.

According to OECD Survey Adult Study, 4.2% of people have reached the third degree
of ability to solve problems in a technically advanced environment in Slovakia, which is the
lowest result among all participating countries. The average proportion of people at this level
in the participating OECD countries is 5.8% of adults. The largest share of the population at
this level is in Sweden (8.8%) and Finland (8.4%) [4]. The level of problem-solving
competence in a technically advanced environment is, besides reading and mathematical
literacy, related to the level of education achieved to a lesser degree. At all monitored levels
of education, including higher education institution students and graduates, it is possible to
observe a low level of ability to solve problems in a technically advanced environment and
low levels of preparation for the effective use of the information and communication
technology.

The emerging information type of society requires, besides the achievement of a certain
formal qualification, acquisition of the key competencies in line with the European Union
strategy in this area. Today's defined strategic competencies are also digital competencies.
According to experts, digital skills are not only part of key competencies, but also a set of
necessary job qualifications [5]. While the content of the most required competencies can
change, expand, and enrich over a lifetime, digital competencies as such are slowly becoming
a solid and dynamic part of human capital due to the overlap between online and offline
sociability [6].

Digital learning tools, that are being analysed in this article, reflect the development of
innovative ways of production and manufacturing within the development of Industry 4.0.
Innovative tools discussed in education within the Education 4.0 concept include augmented
reality, simulation, RFID, the use of artificial intelligence methods in predictive analysis,
transmission and processing of large amounts of data in real time and prediction using
processed data, 3D data visualization in design, control, and monitoring trends, mapping and
visualization of processes utilizing sensors, application of the Internet of Things, concept
design and implementation of complex networks.

After the analysis of the key Education 4.0 tools, the paper examines the data collected
on a sample of educational professionals of the Slovak University of Technology and data
from web pages of selected faculties of the Slovak University of Technology. Challenges of
the adoption of Education 4.0 tools in Slovakia are discussed in the final part of the paper.

The purpose of the study is to analyse the adoption of Education 4.0 tools in tertiary
education as a case study of the Faculty of Civil Engineering and the Faculty of Materials
Science and Technology in Trnava of the Slovak University of Technology (STU).

2. RESEARCH METHODS

Based on current literature analysis in the examined field, the paper discusses the
challenges of Education 4.0 and identifies the techniques, experiences, and skills required for
succeeding in education for the Industry 4.0 environment. It aims to contribute to the
objectives of the research project VEGA No. 2/0077/19 “Work competencies in the context of
Industry 4.0 development.”

To answer the question about the adoption of Education 4.0 tools in the case of the
examined STU faculties, a descriptive case study design was adopted for the study [7]. Data
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collection was performed by the web pages analysis and by the interviews in a sample of
chosen educational professionals.

Web pages of two faculties of STU were analysed to obtain data in new fields of study
that reflect the adoption of Education 4.0 tools in STU and to reflect the adoption of new
educational tools within existing study fields. Quantitative data collection was accompanied
by eight interviews with education professionals at the Faculty of Materials Science and
Technology in Trnava of STU and 15 online interviews at the Faculty of Civil Engineering of
STU to capture the real-life situation in adopting Education 4.0.

The analysis of Strategic materials of the Ministry of Education, Science, Research, and
Sports and Ministry of Economy of Slovak Republic (Strategy of the Digital Transformation
of Slovakia 2030, National Action Plan of the Industry in the Slovak Republic) has been
conducted on the subject of the support level of Education 4.0 development regarding tertiary
education. The report examines the case of adoption of Education 4.0 tools in the above-
mentioned tertiary education institution.

3. THE THEORETICAL BACKGROUND

Changes in human capital development, aimed at preparation for Human-robot
collaboration, are reflected in the Education 4.0 concept. Even if the progress towards more
user-friendly technologies may bring more convenient ways of human-robot communication
in the future, recently, the qualification of employees, including readiness to work within a
human-robot collaboration, is a challenge within Industry 4.0 implementation [8].

Within virtual learning environments, e.g. using virtual glasses, the combination of the
information from real and virtual world can be attained as a part of Education 4.0, as well as
the adaptation of the human workers to new work conditions in a mixed-reality work
environmentas stated by [9]. “By doing so, virtual reality environment can introduce dynamic
forms of learning by creating artifacts in the virtual environment with activities triggered by
learners’ interaction that “enables simulation of various situations that might not be attainable
otherwise due to danger or high costs, while such situation can be simulated multiple
times.Trainees can learn while doing the task and by using records of the performance
afterward” [9, p. 254]. Thus, virtual reality offers the highest interactivity and increases the
motivation of learners resulting from the reactive response and gaming influence during
learning [10]. Virtual reality, as well as the innovative technologies, such as IoT and Cloud
Technology, need to be also integrated into education, supporting advanced life-long training
of the skilled workforce [11], [12], [13]. Integration of Industry 4.0 requirements into
education and training lies in the core of Education 4.0 development.

The concept of Education 4.0 considers, on the one hand, the exploitation of the
developed technologies to facilitate the learning process, and on the other hand, preparing
new methods of education for their future involvement in the factories [11].

Within Education 4.0., the concepts of Learning Factory (LF) and Teaching Factory
(TF) are offered. The concept of LF emphasizes the importance of experimental learning,
learning by working in companies, while the concept of TF incorporates industries in the
education experience, adapting the industrial project into the context of academic practice
[11]. This concept can be particularly beneficial for small and medium-sized enterprises
(SMEs), which can test and simulate processes, innovations and various scenarios of the
innovation testing while saving costs and time and minimizing risks in comparison with the
testing during the production process. Within the cooperation between companies and the
academic environment, a synergistic effect arises when the LF and TF paradigms can improve
SME:s by their introduction into new technologies of the industry 4.0 environment through the
transfer of product knowledge.
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Virtual reality can become a substantial part of learning, e.g. in sectors such as
engineering, machinery, health, aerial transportation and information and communications
technology (ICT), in training robot remote control, production, simulating surgical
interventions, in pilots’ training, etc. [9], [14]. It is possible to consider the recommendation
of the application of Virtual Reality in the context of engineering and ICT education to
develop the digital pedagogical ethos of children and digital skills in primary and secondary
education.

Although the strategic concepts of the Ministry of Education of the Slovak Republic
reflect the need for the application of ICT in education (Action Plans), relatively little
emphasis is placed on the use of ICT at higher educational levels. The need to make ICT
elements accessible to higher education in line with Industry 4.0's needs is a specific area that
deserves special attention. We propose to develop an Education 4.0 strategy focused on
higher education, to promote the use of Virtual Reality, Augmented reality, Mixed Reality,
Teaching factory, Big Data analysis, and other tools to connect the virtual and real-world,
academy and industry.

Augmented reality and Mixed reality are for some scientists interchangeable. It is
difficult to define the boundary between them. These terms are usually used either
interchangeably, or Augmented reality refers to Mixed reality. Mixed Reality, in this case,
refers to any combination of real and virtual reality, including things that are defined as
Augmented Reality. In comparison, Mixed reality offers more options. Mixed reality, unlike
augmented reality, offers interactivity with both real and added virtual objects, the ability to
digitally manipulate in an arbitrary environment, create new objects using artificial elements
or adapt them, change their shape, and move them around.

Augmented reality is expected to combine real and virtual activities interactively and to
help eliminate design errors [15]. Machine Learning technologies and artificial intelligence in
the construction industry make it possible to create a predictive model with high accuracy of
predictions, support the streamlining of the process of preparation and construction of various
objects and support the optimization of financial costs.

Within the Industry 4.0 concept, the attention is being focused on augmented reality
with its benefits in time efficiency, ergonomic, and ecological benefits. Depending on
information exchange in human-robot collaboration and robot-robot collaboration, these
innovative tools bring intuitive and easy to see applications to communicate and to integrate a
real image of the world with artificial objects. In the context of Industry 4.0, the benefits of its
use are calculated mainly in logistics services [16] and in the field of providing information
on production processes in real-time to improve work processes and make decisions about
ongoing production [17].

However, specific limits of using virtual reality tools are being tested, too. Even if the
implementation of augmented reality in the industry is one of the most desired technologies in
the context of Industry 4.0, its implementation is still a challenge, as there are no specified
standards. Specific challenges are identified in the impact of differences of personalities
concerning augmented reality usage [18]. Also, the analyses of the work in virtual and hybrid
teams confirm that trust, patience, and the ability to communicate effectively can be included
among the basic preconditions for successful human-machine collaboration. The findings
confirm the impact of age factors and previous online gaming experience environments on
spatial orientation in virtual reality [19]. Situation awareness, which covers the ability to
perceive and extract information from a surrounding and could be examined in the frame of
virtual environments, is confirmed to be concerning the previous experiences and the age
[20].

Implementation of augmented reality in the education process creates the need for
innovative ideas in the academic sphere and education of future engineers. In the Industry 4.0
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concept, visualization technology, especially virtual reality, has been emphasized as essential
for sustainable education of students.

According to strategic documents in Industry 4.0 development in the Slovak Republic
(National Action Plan of the Industry in the Slovak Republic, Smart Industry Action Plan),
the school system of the Slovak Republic should reflect the needs of the development of work
competencies 4.0, and emphasize e.g. creating virtual platforms for the adaptation of the
intelligent industry.

The new content of education should address highly specialized skills: robotics, Internet
of Things (IoT) deployment, open data, programming, artificial intelligence, privacy
protection and security, digital skills, creative design skills, processing and analysis of data
and information, statistical knowledge, organizational and process knowledge, ability to
communicate within human-robot and robot-robot cooperation. The highest priority should be
given to soft skills, such as time and personal management competencies, adaptability, the
ability to work in a team, social and communication skills.

4. THE USE OF DIGITAL LEARNING TOOLS IN SLOVAKIA - THE CASE
OF TERTIARY EDUCATION

“We are currently preparing students for jobs that don't yet exist, using technologies that
haven't been invented, in order to solve problems we don't even know are problems yet.”
Most of us have come across this famous insight of former Secretary of Education Richard
Riley about the state of education made as early as in 2014.

Nowadays, one expects from higher education institutions the enhancement of many
competencies, including digital literacy. According to [21], the key competencies in the field
of digital literacy include the ability to work with virtual reality and designing within virtual
reality as the basis for solving problems in virtual reality. As stated in [21, p. 28], “not only
work but also preparation for work in education or training - should exploit the opportunities
and potential offered by mixed reality, combining sensory experience and information gain
from the digital environment”.

The examples, given by the authors in this area, also offer empirical findings on the
benefits of digital educational tools in the tertiary education system environment. The authors
present examples of forming Education 4.0, that take benefit of the innovative application of
digital technologies as learning tools. These can be used not only in a repetitive and
consolidating way but with the potential to learn and develop work skills in an innovative
way.

Experience has shown that the digital environments, such as Minecraft, represent the
innovative way how to support the development of the desirable working competencies in
technologically demanding environments. Working with learning environments,which were
inspired by existing virtual gaming worlds, can also support the formation of a digital
pedagogical ethos that promotes a positive attitude towards working with digital technologies
in hybrid human-machine work teams.

In the case of tertiary education, university students acquire not only new knowledge
and competencies by using real objects of industrial automation augmented reality (AR).
The modularity and versatility of the tool allow its application in teaching especially
engineering subjects. Educational objects are represented by the A-Frame using virtual
models, which are transmitted by AR technology and intertwined with a real image of a
physical technological object. By using the technology of hybrid AR markers, the information
about the examined object, such as its position and orientation, is transmitted to the observer.
The interactive scene, based on a real view, provides all the necessary information obtained
from the database part of the education system. By adding real-time process information from
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process-level controls to selected subsystems of the comprehensive AFB Factory production
line from Festo Didactics, the results of the changes in the control configuration and virtual
part are reflected [21].

Engineering is focused on the improvement of competences in predictive maintenance
of production systems in the context of Industry 4.0, including manufacturing machines and
tools, for the improvement of the production process quality [22]. Students in study program
Production Equipment and Systems already use virtual reality. During the study process, the
students scan technical components by using smart technologies. In the area of Production
Management and Industrial Engineering, the issues with an application of simulation, RFID,
Internet of Things are handled [23].

As was already mentioned, new trends in the automation and application of ICT enable
research and development in a wide range of communication and management of automated
software tools and knowledge systems, including a higher level of archiving and distribution.

4.1. The Slovak University of Technology as a predictor of Education 4.0
possibilities in Slovakia

STU has been for a long time a leader in technological education in Slovakia and ranks
first among Slovak universities according to its graduates’ employment. As the most popular
and biggest research-oriented technological university in Slovakia, STU’s mission is “to
achieve new knowledge through scientific research, application and dissemination of new
information through engineering and other creative work, as well as to educate and enlighten
the young generation in the spirit of the principles of humanism and benevolence. Thus, STU
ambition is to contribute to the development of education, science, culture, and health for the
good of society as a whole and, in so doing, contribute to the development of a knowledge-
based society.” [24].

According to the data obtained from the faculties of the Slovak University of
Technology, the trend of choosing the study of computer science has had an increasing
tendency in the recent three years (Fig. 1). The data were obtained from the following
faculties: The Faculty of Mechanical Engineering, The Faculty of Electrical Engineering and
Information Technology, The Faculty of Informatics and Information Technologies, The
Faculty of Materials Science and Technology in Trnava, and The Faculty of Chemical and
Food Technology. Informatics is a sought-after study program at higher education
institutions. One of the reasons is that after graduating or during this program, the graduates
and students are most desirable and the highest-paid employees in the Slovakian labour
market. This demand might emphasize the requirement of Industry 4.0 competencies
improvement.

Number od Students Number of Students Number of Students
31/10/2017 31/10/2018 31/10/2019

#1653 at Bachelors Degree #1758 at Bachelors Degree #1858 at Bachelors Degree
*434 at Engineering Degree ¢403 at Engineering Degree ¢452 at Engineering Degree

Figure 1. Number of students enrolled at STU study programs in computer science and
automation by 31st October over the recent 3 years

The education system at STU offers an application of digital learning tools and
promotion of the use of digital technologies in construction, engineering, technologies, and
management. At the Faculty of Civil Engineering, several possibilities of digital technology
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have been created for smart design and construction in the context of Building Information
Modelling (BIM) technology. New opportunities for the industry expansion, both on the
education and the practice level, offered by the development of Industry 4.0, include the
creation of a person’s digital twin (by 3D scanning) and by using virtual or mixed reality
illustrating and visualizing non-existing things and situations or visualizing the person around
a non-existing building, simulation of construction processes, simulation of the control over
the construction process by using machines controlled remotely via GPS, simulation of
automated monitoring and control of the building elements by the Radio-Frequency
Identification (RFID) systems. The RFID systems can be used in transportation, supply, and
installation of the building elements into the construction.The advantages of the virtual or
mixed reality can be used up to the final production of the virtually prepared buildings by
using the 3D printing system [25]. The use of drones, autonomous vehicles, and other
technological options is an opportunity for innovation, of course, with due respect for the
demands of security and the necessary level of digital skills in collaboration with IT
professionals.

New fields of study at the Faculty of Civil Engineering of Slovak University of
Technology, that are being marked as “Construction Revolution 4.0”, offer the possibility to
study Augmented Reality to visualize buildings and bridges in 3D environments with the
ability to virtually walk around the building.

Programming and simulation of production lines including design, 3D printing, CPS,
big data processing, calculation, modelling, and simulation are integrated into the education
of students at all study levels at the Faculty of Materials Science and Technology in Trnava
(further MTF) at STU. Students are also educated in the Internet of Things Security issues and
several issues of augmented reality, virtual reality, learning factory, and teaching factory. The
information systems theory has been represented in the educational process for quite a long
time and it has concentrated on these areas over time.

According to the feedback from PhD students of the Faculty of Civil engineering, most
of them have used BIM technology and several statistics programs during their studies.
According to one PhD student: “I came across the term BIM technology for the first time
when I was in my first year of engineering... At that time, together with two classmates, 1
entered an international competition focused on BIM (4D modelling) ... the main theme of the
competition was to bring a new idea to improve BIM-oriented software. We managed to
connect the sensors for measuring the strength of a panel with a 3D model and afterward we
managed to synchronize it with a schedule. Finally, we combined all these aspects into one
software. As part of this project, we also used virtual reality, when we created a 3D model of
the concrete reinforcement, which we tested directly on the construction site”. The students
were not familiar with the term Education 4.0 at that time. Since the term Education 4.0 is
relatively new, it may be difficult to recognize digital tools as part of Education 4.0 tools,
even if they are used in practice.

Big Data analysis and innovative technologies application, as one of the Industry 4.0
issues, is used at the MTF in the Advanced Technologies Research Institute (ATRI)
laboratories, which are part of the 1st University Research Park in Slovakia. The ATRI
consists of two main laboratories: The Scientific Centre of Materials Research and The
Research Centre of Automation and ICT Implementation in Production Processes. As Figure
2 illustrates, the Scientific Centre of Materials Research consists of several laboratories of ion
beam technologies, plasmatic modification and deposition, analytical methods, and
computational modelling. The Research Centre of Automation and ICT Implementation in
Production Processes and related laboratories comprise the Laboratories of Control Systems,
ICIM, and Laboratory of Information Integration and Control Systems [26]. Research Centre
of Automation and ICT Implementation in Production Processes provides simulation and
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optimization of processes and systems, Big Data and knowledge discovery from production
databases in the hierarchical process, ICIM, information integration and control systems,
artificial intelligence, bioengineering, medicine/healthcare, etc.

Object 1: Scientific centre of materials research with laboratories
Object 2: Research Centre of Automation and Informatisation

Figure 2. The 1st University Scientific (Research) Park in Slovakia [28]

The research on automation and ICT implementation in production processes and the
relevant labs is being carried out at research centres. University Teachers and Ph.D. students
also support the transfer of progressive technologies, collaboration in knowledge triangle
(research-education-innovation) to improve know-how, innovations, and knowledge. They
also provide support for start-up and spin-off activities [27].

Possibilities of how to optimize production, predict and minimize errors from the
production line are investigated. To make the production more efficient, the analysis of data
from pressure and error sensors is used. The analyses are performed using artificial
intelligence algorithms. University teachers and Ph.D. students cooperate with companies
such as Volkswagen Slovakia, PSA Peugeot Citroén Slovakia, Schaeffler, or
PredictiveDataSciences.r.o.

“As Fig. 3 shows, the main aim of the projects is focused on the production process
control and the deviation identification by the usage of the artificial intelligence methods in
predictive analytics,transfer, transformation, adjustment, and processing in real-time;
designing sensors, creating the concept, and implementing the complex networks appropriate
for IoT and data visualization” [28]

An example of successful collaboration with business is a project carried out by the
STU and the management of the company: “The Slovak University of Technology in
Bratislava provides our company with valuable expert advice, it brings new trends and
procedures for Industry 4.0,and educates our new colleagues who are equipped with the
knowledge directly applicable to the addressed problem areas* [28].
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Monitoring
the production process
and identifying
the anomalies

Visualizing processed Creating the concept
data in a well-arranged and implementing
summary form for all the complex networks
levels of control suitable for loT

Data transfer,
transformation,
adjustment
and processing in real time

Utilizing the artificial
intelligence methods
in predictive analytics

Figure 3. The key issues between MTF and its industry partners. Drawn by the authors
according to [28]

Another successful project supervised by the Ministry of Education of the Slovak
Republic was performed at MTF. This project focused on the implementation and use of the
Industry 4.0 concept to modernize the study subject Technical Means of Automated Control,
by applying the latest trends in automation and information technology. Application of the
technological concept of CPS (Cyber-Physical Systems) improved the teaching process not
only within the Technical Means of Automated Control subject but also other subjects thanks
to the created database. The system helps the teacher to improve the effectiveness of the
education process and, at the same time, students are taught new competencies, e.g.
independence and analytical thinking [22]. However, according to the conducted interviews,
differences in perceiving the terms Education 4.0 and Industry 4.0 are visible. A number of
the interviewed respondents actively deal with the topic [22] and participate in a research
project aimed at the application of Industry 4.0 concept in the frame of modernization of
teaching subjects at the MTF faculty.

However, two of the interviewed teachers declared a sceptical opinion about Industry
4.0 concept and lacked accurate information about the content of the Education 4.0 term. As
stated by one of them: “The term Industry 4.0" is perceived as a buzzword with not too much
deep content. Unfortunately, this is often the case. I have not found the exact definition, yet.
Education 4.0 is a new concept for me - what are the elements/means? (maybe they are used,
but we don't know they are part of Education 4.0)".
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4.2 New challenges in the crisis time

New challenges for education professionals are to provide education without students’
physical attendance at the university during the COVID-19 quarantine. The specifics of
teaching in these conditions are multidimensional. On the one hand, we initiate innovative
tools and methods in the education process, and on the other hand, we try to utilize these
changes to think more socially and sustainably.

During the quarantine period in the spring and summer 2020, university students have
been taught by online tools such as GSuite Meet, Google Classroom, Google Drive, Zoom,
Cisco Webex, and MEGASync. Students and university teachers at STU have been using the
above-mentioned platforms, which can be considered also as elements of Education 4.0., on
daily basis for consulting the graduation theses, online testing, online lectures, project work,
chats, and consultations within teams. This platform enables Peer-to-peer learning improving
metacognitive skills.

One of the programs taught at STU is MATLAB. STU is the first university in Slovakia
and the Czech Republic, where students and teachers have access to the full version Total
Academic Headcount (TAH) MATLAB, a great tool for engineering calculations and
comprehensive research. Using the MATLAB program, the presentation of interactive tasks,
as an interactive tool for extensive mathematical and statistical calculations, programming, or
computer simulations is enabled. MATLAB offers more than 80 different tools, the most used
are tools for development and research of control algorithms, for programming and
optimization of systems in automobiles, engines, machines, robots or production lines, tools
for computer simulations and verification, tools for statistics, and machine learning, tools for
working with artificial intelligence or for processing large amounts of data [29].

The latest project, beneficial for the public, is the 3D printing of 300 protective shields
for people in health care. This project started with the collaboration of teachers and students at
MTF STU, using their obtained knowledge and professional skills. Similar projects form the
new generation of engineers with both technological and digital skills which are also in line
with the social engagement [30].

S. THE RESULTS AND DISCUSSION

Challenges that lie before the whole education system deal with the intensive effort to
reach effective use of digital learning aids, personalized adaptive learning, project-based
learning in collaboration with researchers and companies, and implementation of innovative
tools and methods in the education process.

According to our findings, The Slovak University of Technology in Bratislava offers
several examples of implementation of the Education 4.0 tools within existing study fields or
new study fields in the examined faculties, including augmented reality, simulation, RFID,
utilizing the artificial intelligence methods in predictive analytics, data transfer, distribution,
transformation, adjustment and processing in real-time, prediction, sensors designing, creation
of the complex networks for Internet of Things and 3D data visualization. The STU Faculty of
Civil Engineering currently offers 8 bachelor and 13 master study specializations with the
success rate of graduates up to 97%.

Based on the interviews conducted with Ph.D. students and teachers, Education 4.0 is a
relatively new term within the education practice in Slovakia. However, the tools, included in
Education 4.0 concept as its key elements, are more familiar to students when they are
specified. The creation of strategic materials on the Education 4.0 development strategy could
support the awareness of the term as well as the empirical analysis of the use of Education 4.0
tools.
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The current challenge lies also in the emphasis on mutual collaboration of students on
joint projects to develop the possibilities of creating a common set of knowledge and
developing skills important for the 21%century. Below are the results of the survey carried out
at STU between April 3" and 9™ 2020 with a sample size of 3 083 respondents.

Responsiveness was at a high level, 31% of the total current number of full-time STU
students (9 877) who were invited to take part in the survey. Up to 57 % of the respondents
from all 3 degrees of higher education declared their interest in online education. They want
the lectures to be given in the form of online video conferences broadcast live (e.g. via
Google Meet or another teleconferencing application). As a mode of practicing the acquired
knowledge, almost half of the respondents (48 %) prefer video conferencing. This response is
followed by the opportunity to solve online tasks with e-learning support, which is preferred
by 32.63 % of respondents[31].

Also, we would like to emphasize the need for cooperation of IT professionals and
pedagogical experts in the development and adoption of digital educational applications of a
creative character. According to the content analysis of digital educational applications [30],
more of the digital educational applications were found to be focused on an individual user
base rather than on collaboration.

We suppose that Education 4.0 tools could support the innovative and interactive
character of digital learning tools, offering possibilities for space and object simulations,
creative-oriented learning applications [32]. Though, “usability issues, caused by the
difficulty of handling AR systems are identified as a main limiting factor for learning
experiences* [33, p.2], according to the respondents” experiences, also financial issues affect
the usability of AR, especially in business practice.

6. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

In conclusion, there are two main strategies that educational systems may take towards
the challenges of Industry 4.0: education followers or change-makers. Followers have the
right skillset for reacting to the changes in their working environment, learning to cope with
the technological development system via thinking, and high-level transferrable skills.
Education 4.0 should identify and develop the most required skills that are essential for
creating the change and find an opportunity in a time of crisis.

The analysis of the acquisition of Education 4.0 digital tools in a real-life environment
offers the possibilities for quantitative as well as qualitative analysis in this area. The
advantages, as well as the barriers and limits of newly adopted digital tools, should be
analysed in practice, e.g. by taking into account the type of student’s personality and the
health issues during the use of augmented reality and mixed reality tools.

Education 4.0 digital tools that have been introduced in this article, represent new and
innovative ways not only in formal, but also in post-formal education. Experimental research
methods offer a possibility to verify adaptation to AR participation by testing the impact of
the age, gender, socio-economic background, psychological factors (level of stress, trust,
perceived threat, and type of personality), previous experience on the ability to perceive and
extract information from a virtual surrounding, or the area of the well-being of people
working in AR (as a level of stress measured by smartwatches). This experimental research
should involve students as well as workers of different ages (young, middle-aged, older
adults) to test the prerequisites of successful adaptation to the AR environment.

Subjective measurement of the levels of well-being of the students studying or working
e.g. in AR or hybrid human-robot work teams could contribute to the sustainable development
of Work 4.0 competencies based on Education 4.0 tools.

In the case of Slovakia, there is still a lack of statistical evidence on using innovative
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Education 4.0 tools in education systems. In this paper, we presented some of the applications
of new digital learning tools in technological education in Slovakia in the case of Slovak
Technical University.

Future research will focus on monitoring the practical applications of learning tools 4.0,
supporting international cooperation on research projects, creating integration platforms and
identifying new challenges as specifics of cooperation between humans and robots. In the
case of BIM, the application should be conducted both in learning experiences and in practice.
Also, the identification of the term Education 4.0 itself in international strategy concepts
could support the statistical and empirical evidence in this field for the future.

Finally, we agree with [34] that by involving scientists, scientific facilities, services, and
educational networks in the process of scientific research and education, it is possible to
achieve positive changes in the implementation of research activities, improve their
qualitative and quantitative indicators, and introduce new forms and models of organization
that positively affect students’ educational outcomes.
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AHoTanis. Y cTaTTi po3rsiIaeThCsl BUKOPUCTAHHS U(DPOBUX IHCTPYMEHTIB HABYaHHS B 3aKJIajax
BUIIOi ocBiTH CJIOBaYYMHM B KOHTEKCTI po3BUTKY Iuayctpii 4.0. IpyHTyroumch Ha ormsmi
JiTepaTypy Ta eMITPUIHNX BHCHOBKAx 3a pe3yJbTaTaMH IHTEPB'TO 3 NpodecioHanmaMu B rarysi
OCBITH B 3aKjiajaX BUINOI OCBITH, OOTOBOPIOIOTHCS IHUTAHHSA 1 MPOOJIEMH, TOB's3aHi i3
3aCTOCYBaHHSAM JIeSIKMX LUQPPOBUX IHCTpyMeHTIB Juii Has4yaHHs Education 4.0, a came
[ToGynoBoto TexHouorii iHpopmariiHoro MoaemoBanus (Building Information Modeling - BIM),
JIOTIOBHEHOIO pealbHICTIO 1 IU(POBUM IrpoBHM cepepoBHIIeM. BuxopucraHus unnppoBux
IHCTPYMCHTIB HaBUYaHHS, & TAKOXX CIIBIPAIl0 BUKJIANA4iB 1 JOCIHIIHUKIB TPEICTABICHO SK
yemimHy npakTuky CIOBaIbKOro TEXHOJIOTIYHOTO YHiBepcuteTy B bpatucnapi. CioBaibkuit
TEXHOJIOTIYHHIA YHIBEPCHUTET BIAMOBIJAa€ CyYaCHUM IHHOBAIliHUM TEHISHIIAM B KOHIICTIIIT
Education 4.0: ITobymoBa TexHOJOTIl iHPOPMAIIHHOTO MOJEITIOBAHHSI Ta METOIH JOIOBHEHOL
peaTbHOCTI BUKOPHUCTOBYIOTBCS K YacTHHA MOXYJBHOI HaBYAJIHHOI CHCTEMH 3 BUKOPHUCTAHHSIM
JIATYUKIB Y BUPOOHUIITBI, POPITAKTUIHOMY OOCIYyTOBYBaHHI, MOJISIOBaHHI, IpoekTyBaHHi 1 3D-
Ipyky. 30ip maHWX 3OiHCHIOBaBCS NUIAXOM aHali3y BeOCTOPIHOK, 30KpeMa BeO-CTOPIHOK
(hakybTETIB, a TAKOXK MUITXOM IHTEPB'IO 3 BUOIPKOIO (axiBIliB Y Tally3i OCBITH.

KirouoBuM 3aBIaHHIM CIIOBAIBKOI CHCTEMH OCBITH € IOJIIIICHHS B3a€MO3B'SI3KY MiX CHCTEMOIO
ocBiTH 1 mpomucioBicTio. ChOrOJHI 3YCWIUIS BYCHHX 1 BYHTCIIB CHPSIMOBAHI HAa BH3HAYCHHS
MaiOyTHIX TCHICHIIINA, METOMIB, TOCBIy 1 HABMYOK, HEOOXIHUX JIJIsl JOCSTHEHHS YCIIXy B OCBITI
BIAMOBITHO a0 BUMOr cepexosuma [Hnyctpiss 4.0. Y cTarTi OOroBOpIOETHCS JIONIOBHEHA
peaybHICTE 3 i mepeBaraMu 3 TOYKH 30pY CKOHOMIi 4acy, eproHoMiku Ta ekousorii. KoHkperHi
npoOyieMu, ToB's3aHi 3 iHcTpyMeHTamMu HaBuaHHs Education 4.0, aHami3yloThCs 3 ypaxyBaHHSIM
BIKy Y4YHIB, CTaBJICHHS 10 IM(PPOBUX TEXHOJIOTiH, MOMEPEIHHOIO IOCBiAY 1 00i3HAHOCTI 3
cuUTyamiero. Y CTaTTi MIKPECTIOEThCS BaXUIMBICTh CTPATETivyHOI MIATPUMKH 3aCTOCYBaHHS
g poBux iHCTpyMeHTiB HaBdaHHs Education 4.0 B ocBiTHROMY Tpotieci B CoBau9mHi.
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TEXHOJIOTIYHA OCBiTa; MU(PPOBI KOMIIETCHTHOCTI; IONIOBHEHA PEABbHICTb.
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AHHoTanus. B cratbe paccmaTrpuBaeTcsl HCIONB30BaHUE TUPPOBHIX HHCTPYMEHTOB OOyYeHUS B
BBICIINX y4eOHBIX 3aBeneHusX CrnoBakuu B KoHTekcTe pa3BuTus Wuayctpun 4.0. OCHOBBIBAsCH
Ha o0030pe JmMTEepaTypbl W OSMIOHPHYECKHAX BBIBOJAX [0 pe3yabTaTaM HHTEPBBIO C
npodeccnonamaMu B 00JacTH 00pa30BaHUS B BBICIIMX YYEOHBIX 3aBEICHUSIX, OOCYKIAOTCS
BOTIPOCHI M TIPOOJIEMBI CBS3aHHBIE C MPUMEHEHWEM HEKOTOPHIX ITM(PPOBBIX MHCTPYMEHTOB IS
obyuenns Education 4.0, a wuMenHo IlocTtpoeHueM TEeXHOJOTHH WHGOPMAIMOHHOTO
monenupoBanud (Building Information Modeling - BIM), nomonHeHHOW peanbHOCTBIO H
uudpoBoil WrpoBoil cpemoit. Mcmonp3oBaHue IM(PPOBBIX HHCTPYMECHTOB OOYUYECHHsS, a TaKXkKe
COTPYAHUYECTBO MPEMOAaBaTeNICHi M HCCIEJO0BATENICH MPEACTABICHO KaK YCHCNIHAs MPaKTHKA
CnoBaIKoro TEXHOJIOTUYECKOTO0 YHHBepcuTeTa B bpatncnaBe. CroBalKMii TEXHOJIOTHYCCKHIMA
YHHBEPCHTET CJICyeT COBPEMCHHBIM WHHOBAIIMOHHBIM TECHACHIUAM B KoHuemnimu Education 4.0:
[MocTpoeHne TEXHONOTHH WH(MOPMAIMOHHOTO MOJICIHMPOBAHMS W METOABI  JIOTIOJTHEHHOM
PeaTbHOCTH HCIIONB3YIOTCA KaK 4YacTh MOAYJIBHOW OO0ydaromed CHCTEeMBl C HCHOJIb30BAHUEM
JAaTYNKOB B  TPOW3BOACTBE,  NPOQPIIAKTHUECKOM  OOCIYXMBAaHWH,  MOIEITHPOBAHUH,
npoektupoBanuu U 3D-meyatu. COOp MaHHBIX OCYIIECTBILJICS IyTEM aHaJW3a BeO-CTpaHHUII, B
TOM YHCIIe BEO-CTpaHUI] (aKyJIBTETOB, a TAaKXKe IIyTeM HMHTEPBBIO C BHIOOPKOH CIIEIHAINCTOB B
obnactu 0OpazoBaHUsI.

KiroueBoii 3agaueii coBankoi CHCTEMBI 00pa30BaHUS SIBIIICTCS YIYYIICHAE B3aUMOCBSI3H MEKIY
CUCTEMOI 00pa30BaHMs U MPOMBIILICHHOCTHI0. Cero/iHs YCHIUS YUCHBIX M YYUTEICH HAPaBJICHBI
Ha OmpeaelicHHe OyIymuX TCHICHIMHA, METOIOB, OIbITAa W HAaBBIKOB, HEOOXOIUMBIX IS
JIOCTIDKCHUSI ycriexa B 0Opa3oBaHUU, CBSA3aHHOM C TpeOoBaHumsimu cpenpl Munycrpus 4.0. B
CTaThe 00CYXIaeTCsl IOMOJHEHHAs] PEabHOCTD C €€ MPEUMYIIECTBAMH C TOYKH 3PEHHS] SKOHOMHUH
BPEMCHU, DPrOHOMUKH U SKOJIOTHH. KOHKpETHBIC MPOOJIEMBI, CBSI3aHHBIC C HHCTPYMCHTAMH
obyuenns Education 4.0, aHaIM3HPYIOTCS € yYETOM BO3pacTa yYalluxcs, OTHOIICHUS K
MU(PPOBBIM TEXHOJOTHSM, MPEIBIAYIIETO OMBITA W OCBEJAOMICHHOCTH O CHUTyalMd. B craThe
MOJIEPKUBACTCS BAYKHOCTD CTPATETHIECKON MOAIEPKKH MPUMEHEHUS MU(PPOBBIX HHCTPYMEHTOB
obyuenns Education 4.0 B o6pa3oBarensHOM mporiecce B ClI0BaKuH.

KaoueBbie ciaoBa: 1m¢poBbsle HMHCTpyMeHTHl oOyuenusi; Education 4.0; Beicmee yueOHOe

3aBCACHUC;, TCXHOJOIHYC€CKOC 06pa30BaHMe; III/I(i)pOBLIe KOMIICTCHTHOCTH; JOIIOJIHCHHAasA
PCAJIbHOCTb.
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