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Summary 
In the article, the authors analyze the basic concepts of Education 4.0 and determine that 

it is characterized by the digital transformation of industry and the introduction of advanced 
technologies. It is established that Education 4.0 is a new approach to learning based on the 
use of advanced technologies, interactivity and individualization of the learning process. It 
is noted that the Concept of Education 4.0 provides for a change in the basic principles of 
the educational process: the formation of a set of competencies rather than a set of knowl-
edge; continuous improvement of teaching methods through the active introduction of modern 
technologies; teacher and student become partners who jointly carry out research activities 
The authors describe the features of the implementation of Education 4.0 in Poland, Ukraine 
and Romania, and provide an overview of the achievements and challenges facing Education 
4.0 in the modern world.

In the article, the authors explore the challenges that accompany the implementation 
of this concept, such as increasing the competence of teachers, educators and research and 
teaching staff; creating technological infrastructure; issues of technological support, and others. 
In the course of the study, a survey was conducted at the All-Ukrainian Conference “Innova-
tions, Trends” in 2023. A total of 55 respondents aged 25–68 took part in the survey. It is noted 
that encouraging a country to implement Education 4.0 is important for its competitiveness and 
development in the face of rapidly changing technologies. The authors provide recommenda-
tions that will help implement Education 4.0 and improve the educational process. 
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1. Introduction

The information revolution, the rapid development of technology and communications, 
the pandemic, and then the war launched by the Russian Federation against Ukraine in 2022 
were marked by the necessary transition to “digital” and distance education. The full-scale inva-
sion of Russian troops dealt a major blow to the Ukrainian higher education system compared 
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to years of quarantine restrictions. The destruction of the infrastructure of higher education 
institutions, the problem of human capital, as well as the resumption of the educational process 
under martial law have become real challenges.

Therefore, the activation of new ways of learning, the search for new strategies and the 
development of Education 4.0 around the world have prompted Ukrainian educational institu-
tions to try to actively implement it in the learning process.

Industry 4.0, characterized by the digital transformation of industry and the introduction 
of advanced technologies, has a significant impact on the modern educational process both in 
Ukraine and around the world.

After analyzing the work of scholars, we can identify the following aspects of Educa-
tion 4.0:

– Updating curricula: Industry 4.0 requires updating curricula to take into account cur-
rent technological trends (Salmon, 2019). New courses and modules should include skills in 
artificial intelligence, the Internet of Things, data analysis, etc. This is becoming a prerequisite 
for graduates to be ready for a successful career in the digital age and to actively participate 
in the development of industry. It is worth noting that the curriculum update has several key 
aspects:

1. Inclusion of modern technologies: new curricula should take into account the latest 
advances in information technology, artificial intelligence and other technologies that define 
Industry 4.0. 

2. Practical orientation in teaching disciplines, as programs should provide opportunities 
for the practical use of new technologies through laboratory work, projects, and internships at 
modern enterprises. 

3. Cross-disciplinarity is an important element: updated programs should promote inter-
action between different technical fields to prepare specialists capable of solving complex prob-
lems in global technological ecosystems. 

4. Key skills and competencies that enable the development of skills in working with big 
data, data analysis, software development, and cybersecurity and data protection.

– Development of digital skills: students studying in the modern world need to have 
basic digital skills to work effectively with modern computers, software, and electronic devices 
(Anand, 2021).

– Availability of electronic infrastructure and access to the Internet of Things in edu-
cational institutions. Industry 4.0 requires a reliable electronic infrastructure and fast Internet 
connection to provide access to online resources and learning platforms (Bykov, 2017).

– Open learning and scalability. Thanks to technological tools, the educational process 
can become more open and accessible to the general public, including distance and blended 
learning and scaling of educational programs.

– Changes in teaching methods. The introduction of new technologies, such as cloud 
services, virtual reality, and augmented reality, can improve the educational process, encourage 
students to learn, and motivate them.

– Ensure flexibility and adaptability. Modern curricula should provide students with 
skills that allow them to quickly adapt to changes in the technological sphere and the economy 
(Barreiro, 2022).

Summarizing the above, Education 4.0 transforms the educational process, making it 
more adapted to the requirements of the modern technological society and contributing to the 
training of qualified personnel for the digital age.
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2. Analysis of scientific sources

The processes of digitalization in educational institutions were considered by such schol-
ars as O. Spirin, L. Kartashova, S. Antoshchuk, O. Humennіi, N. Volkova, A. Kvіatkovska, 
O. Shelever, and others. The effectiveness of the use of educational technologies and the imple-
mentation of Education 4.0 in Ukraine was studied by T. Vakaliuk, A. Yatsyshyn, S. Nazarovets, 
O. Zhabin, L. Kartashova, O. Ovcharuk, L. Petukhova, I. Robert, P. Samuelson, and others.

3. Features of Education 4.0 in Ukraine

Education in Ukraine still lags far behind past Industrial Revolutions (2.0 and 3.0) and 
involves the use of predominantly traditional teaching methods. Computers and the Internet 
still have little influence on the educational process, when they should become drivers of its 
improvement. That is why the study of the principles of functioning of universities in the con-
text of the deployment of Industry 4.0 for their implementation in the practice of Ukrainian 
higher education institutions is important (Kasych, 2022).

The European University Association (EUA) says Europe needs strong, autonomous 
and accountable universities that can act strategically and strive for continuous improvement. 
Their important characteristics should be consistency, interdisciplinarity, diversity and social 
cohesion. Higher education institutions must provide teachers with modern pedagogical tools 
and innovative technologies to support the educational process that meets the requirements of 
society 4.0.

That is, the key tasks of transforming universities towards the next level of development 
should be: implementation of Industry 4.0 technologies by updating the material and techni-
cal base; improvement of educational programs by modernizing them in accordance with the 
industry and sectoral direction and taking into account their advanced achievements; optimiza-
tion of learning processes through the introduction of digital and other innovative technologies 
and methods; expansion of international cooperation through academic mobility, implementa-
tion of joint educational and research projects.

During the Government meeting on December 9, 2022, the major transformation pro-
gram “Education 4.0: Ukrainian Dawn” was presented, which was prepared by the Ministry 
of Education and Science team on the basic principles and principles of the Ukraine Recovery 
Plan. The strategic goals of the program are the direction towards the restoration and devel-
opment of Ukrainian education on the path to European integration. The priority is to restore 
the destroyed infrastructure. The key formula for financing education should be the principle 
of “money follows the person,” which will allow citizens to be subjects of educational policy.

Not all universities are able to implement education 4.0 methods and technologies. Since 
Industry 4.0 is based on the use of automation and digitalization technologies, graduates must 
be ready to work in such dynamic conditions.

In general, the Concept of Education 4.0 provides for a change in the basic principles 
of the educational process: the formation of not a set of knowledge, but a set of competencies; 
continuous improvement of teaching methods through the active introduction of modern tech-
nologies; teacher and student become partners who jointly carry out research activities.

In the 21st century, there is a gradual transformation of higher education and a change in 
the philosophy of functioning of higher education institutions. Let us add that in Ukraine there 
is no higher education institution of this level yet.
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4. Features of the implementation of Education 4.0 in Poland and Romania

The Polish labor market is still struggling with a shortage of competencies in Indus-
try 4.0 and digital transformation. That's why an educational project was created, implemented 
by the Wroclaw University of Science and Technology in cooperation with ABB. The goal of 
the Education Project is to prepare future engineers to work in a digital industrial environment, 
equip teachers with modern tools, and convince those already working in industry to embrace 
digital transformation. The project includes, among other things, the creation of new curricula 
and courses based on innovative teaching methods. The main focus will be on expanding the 
educational offer of the Laboratory of Modern Electrical Devices at the Wroclaw University 
of Science and Technology, which is already one of the most modern facilities of its kind in 
Poland. The initiative will be funded by the governments of Iceland, Liechtenstein and Nor-
way under the financial mechanism of the European Economic Area (EEA). In the DESI 2021 
report, Poland ranks 24th in the European Union in terms of digitalization of the economy 
and society. Although, of course, many universities in Poland are trying to introduce elements 
of Education 4.0 into their teaching. For example, the Politechnika Gdańska is known for its 
expertise in technological disciplines and is actively working to adapt its education to modern 
technological requirements. The Politechnika Polska is known for its specialization in engi-
neering and technology. It is actively working on the introduction of modern technologies, 
virtual laboratories and pedagogical approaches in the process of blended and distance learning.

The authors also analyzed the state of Education 4.0 in Romania, which is at the initial 
stage. Thus, in the project “Development of the Institutional Capacity of the Ministry of Econ-
omy, code SIPOCA: 7”, Industry 4.0 refers specifically to Romania: “Support for digitalization 
in enterprises in the context of Industry 4.0, “taking into account the extreme importance of the 
EU in Romania's international trade” (Turkes, 2019). Romania, like any other country in the 
world, has faced some challenges to adapt to the new educational context. As Romanian scien-
tist S. Halili, technologies such as 3D printers or multitouch LCD screens are not available in 
educational institutions. Therefore, additional funds will be needed to purchase new equipment. 
In addition, teachers in higher education institutions are a crucial factor in the successful inte-
gration of technology. But in this context, Romania has problems: the reluctance of teachers to 
move from a traditional teaching system to a more student-centered one (Halili, 2019). Most of 
them also lack the digital skills needed to work with the new equipment, necessitating intensive 
training. In response to the European Union's requirements, Romania developed in 2020 the 
Strategy for the Digitalization of Romanian Education for 2021–2027. It was a dense legislative 
proposal structured around two main areas of EU inclusion in digital education. According to 
this document, the digitalization of the education system has been a government priority since 
2016, after the launch of the Educated Romania project.

5. Research results

In the course of the study, the authors analyzed the challenges faced by higher education 
institutions in implementing Education 4.0. During the All-Ukrainian Conference “Innovations, 
Trends” in 2023, a survey was conducted among teachers, graduate students, lecturers and research 
and teaching staff on the likelihood of challenges that higher and professional higher education 
institutions will face as a result of the implementation of Education 4.0. A total of 55 respondents 
aged 25–68 took part in the survey. The results of the survey are presented in Fig. 1.
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 Fig. 1. Respondents' answers to the risks of Education 4.0

Having analyzed the survey results, we can say that the respondents believe that the main 
challenges are:

1. Providing students with appropriate opportunities to develop and acquire new com-
petencies. Indeed, Artificial Intelligence, the Internet of Things, and advanced robotics require 
specialized knowledge and experience. Of course, employers provide additional training (40% 
said “Yes” and 20% said “No” to relevant opportunities, and 75% said “Yes” and 10% said 
“No” to competencies).

2. A potential challenge is the creation of new jobs, so the tasks of educational insti-
tutions at all levels include appropriate training of young people to solve problems related to 
Industry 4.0 technologies (25% said “Yes”, 30% – “No”).

3. Professional development of both teachers and students (60% said yes, 15% said no). 
Modern higher education institutions should also strive to improve the skills of their staff so 
that they can support their students on the path to success in the market defined by Industry 4.0 
technologies.

4. Investments in infrastructure and equipment (57% said “Yes”, 10% – “No”).
Therefore, encouraging a country to implement Education 4.0 is important for its com-

petitiveness and development in the face of rapidly changing technologies. The authors recom-
mend the following steps that can be taken to achieve this:

1. Develop a clear strategy: Government agencies and educational institutions should 
jointly develop a clear strategy for implementing Education 4.0. It should include specific 
goals, objectives and steps to achieve success.

2. Forming partnerships. It is important to cooperate with industry, technology compa-
nies, and innovative startups. This will support training that meets the needs of the labor market.

3. Supporting infrastructure changes. Investing in modern infrastructure, including 
access to fast Internet and technologically equipped classrooms, is essential for the successful 
implementation of Education 4.0.
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4. Enhancing the competencies and professional development of teachers, educators and 
pedagogical and research staff. They should have the opportunity to acquire skills and knowl-
edge to use modern technologies in teaching: conducting trainings and seminars, participating 
in international conferences is an important component of this.

5. Financing of innovations: The state should provide financial support for the develop-
ment and implementation of innovative curricula and technologies in educational institutions at 
all levels.

6. Conclusions

On the one hand, the results of the study confirmed the continued interest at the European 
level in bringing the education system in line with the new

Paradigm, on the other hand, they proved that there are significant implementation risks. 
Which can occur in every country. The authors note that the implementation of Education 4.0 
is a complex process, but it can significantly improve the quality of education and prepare 
students for the requirements of the modern world. To overcome these challenges, cooperation 
of all stakeholders and constant adaptation to changes in the technological environment and 
society are necessary.
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