2.2. INNOVATIVE TRENDS IN HIGHER EDUCATION IN THE CONTEXT
OF SUSTAINABLE DEVELOPMENT (ON THE EXAMPLE OF PHYSICS AND
TECHNICS DISCIPLINES)

The ongoing innovation processes have exacerbated the traditional problems of higher physics
and technics education. Modern socio-economic realities require higher education to form in future
professionals systematic, interdisciplinary knowledge necessary for the rational understanding
of avalanche-growing volumes of diverse information to solve new, non-standard problems.
Therefore, a worker with technical education in the process of training should develop the ability
to find and analyse the necessary information, formulate problems and hypotheses, identify existing
patterns in the available data, find solutions to complex interdisciplinary problems according
to innovative trends. This, in turn, necessitates the improvement of professionally oriented training
of future specialists in technical specialities considering the requirements of sustainable
development of society.

A new paradigm for the development of society, called «sustainable development», was
developed due to the awareness of the catastrophic degradation of the environment and the need
to find ways to overcome threats to the environment. First of all, sustainable development
is understood as a special form of interaction between society and nature, which can ensure
the survival of mankind and the preservation of the environment in the future.

Today, sustainable development is the basis of public policy in many countries. Ukraine has
officially supported some international decisions on sustainable development, such as
«Agenda 21»°%® (Rio de Janeiro, 1992), the UN Millennium Declaration®?® (2000),
the Johannesburg Declaration®?’ the Implementation Plan of the UN World Summit on Sustainable
Development®?® (Johannesburg, 2002), «The Future We Seek»%?° (Rio de Janeiro, 2012).

The National Paradigm of Sustainable Development of Ukraine (2012)3%° defines the concept
of «sustainable development» as «harmonious, balanced, conflict-free progress of earthly
civilization, groups of countries (regions, subregions) and individual countries of our planet
according to scientifically sound plans (systems approach) ), when in the process of steady
innovative intensive economic development of countries at the same time positively solves a set
of issues related to environmental protection, elimination of exploitation, poverty and
discrimination of each individual and entire peoples or groups, including ethnic, racial or gender».

The analysis of the mentioned normative documents and concepts shows that sustainable
development presupposes balanced satisfaction of the needs of the current generation without
harming the future in the social, economic, and ecological spheres of society at the general
civilization, state, and regional levels.

The UN normative documents define quality education as one of the key goals of sustainable
development (UNESCO (2015))%, which is explained by the fact that education is the most
important factor in ensuring the sustainable development of mankind for the following reasons:

— a person learns throughout life;

— aspecialist in any field is not limited to the system of formal education;

— inthe process of education there is an opportunity to educate conscious members of society
to understand the relationship and interdependence of man and nature, awareness of the need
to maintain global balance and involvement of everyone in environmental issues;

325 Konsenusa OOH (1992). Tosectka aus Ha XXI Bek.

326 Nexnapauus teicauenerus Opranusanuu O6bemunennsx Hamuit (2000).

327 JloxaHHecOyprekas IeKIapaiys 1o yeToitanpomy passutuio (2002).

328 [nan BBITIONHEHMs peleHnit BceMUpHOHN BCTpeur Ha BBICHIEM YPOBHE MO YCTOHuMBOMY pasButuio (2002).

329 Bynymiee, KOTOPOTO MBI XOTHM.

330 MMaron, B. €. (pen.) (2012). HamionansHa mapagurMa CTanoro po3BUTKY Ykpainu. Kuis: JlepkaBHa ycTaHOBa
«[HCTUTYT EKOHOMIKHM PUPOTOKOPUCTYBAHHS Ta CTANOro po3BHTKY HamioHanpHOT akanemil Hayk YkpaiHu». 72 c.
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— the system of physics and technics education creates conditions for the dissemination
of knowledge, skills, abilities to make appropriate decisions in accordance with the innovative
transformation processes taking place today.

Numerous scientific researches are being carried out in this direction, which additionally
confirms the relevance of the development of higher physical and technical education for further
effective development of society. Thus, Van Poeck and Lysgaard (2016, p. 305)%2 noted that
the principles of modern vocational education need to be rethought and improved in line with
the sustainable development of society. Currently, all aspects of studying the features of the future
professionally oriented activities of specialists in technical specialities are focused on technical
aspects. The issues of energy saving, the economy of material and human resources, focusing
on social rather than market aspects of the activity are considered rather superficially, which in turn
forms the appropriate style of thinking of the employee.

Lozano and Barreiro-Gen (2019)3* conducted a thorough analysis of educational programs
to determine the degree of integration of the principles of sustainable development in higher
education institutions (HEIs). According to the results of the study, the researchers concluded that
there are only studies of certain economic and environmental issues, and other issues, including
social issues of sustainable development, are not studied.

The analysis of scientific publications on the research problem shows that in most cases
the efforts of scientists are aimed at informing the population about the developed principles
of sustainable development. It is believed that an informed citizenry will act following the tasks
outlined to achieve a fixed goal — to ensure sustainable development of society. At the same time,
the formation of the ecological culture of the future specialist is considered to be the primary and
even the main one. However, we agree with scholars such as Zafar, Saeed, Zaidi and
Waheed (2021)34, that this approach is rather one-sided. We do not reject the importance
of the information campaign on the implementation of the principles of sustainable development,
but we believe that this alone will not solve the situation. For example, Kopnina (2014)%,
Agbedahin (2019)%¢ and others in their publications argued that in parallel with the information
campaign there should be appropriate changes in educational programs on stakeholder requests and
reflect the theoretical and practical foundations of innovative education according to Industry 4.0.

It is worth noting that today the process of reforming higher education is underway to ensure
its quality. The Government adopted an order of the Cabinet of Ministers of Ukraine to attract
aloan from the International Bank for Reconstruction and Development for the project
«Improvement of higher education in Ukraine for results»®*" in 17. 03. 2021. The purpose
of this project is to create conditions for improving the efficiency, quality, and transparency
of higher education in Ukraine, support for systemic reforms in the field. The project consists
of four interrelated components:

1) improving approaches to governance, funding, quality, and transparency in higher
education by creating conditions and incentives for structural reforms. First of all, it is a question
of the creation of digital space of HElISs;

332 Van Poeck, K. & Lysgaard, J. A. (2016) The roots and routes of environmental and sustainability education policy
research, Environmental Education Research, 22 (3), 305-318.

333 Lozano, R., & Barreiro-Gen, M. (2019). Analysing the factors affecting the incorporation of sustainable
development into European Higher Education Institutions' curricula. Sustainable Development, 27 (5), 965-975.

334 Zafar, M. W., Saeed, A., Zaidi, S. A. H., & Waheed, A. (2021). The linkages among natural resources, renewable
energy consumption, and environmental quality: A path toward sustainable development. Sustainable Development,
29 (2), 353-362.

335 Kopnina, H. (2014). Revisiting Education for Sustainable Development (ESD): Examining Anthropocentric Bias
Through the Transition of Environmental Education to ESD. Sustainable Development, 22 (2), 73-83.

336 Agbedahin, A. V. (2019). Sustainable development, Education for Sustainable Development, and the 2030 Agenda
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2) formation of freelance partnership alliances HEIs to increase efficiency and quality.
As part of the implementation of this initiative, priority funding is provided for joint HEIs
for the purchase of equipment, installation of research and training laboratories in the areas
of STEM education, etc.;

3) financing the purchase of computer and multimedia equipment and software for distance
learning and teaching, modern telecommunications, development of modern digital infrastructure
in HEI, development and launch of electronic learning management systems, purchase of laboratory
equipment for modern training and research laboratories (Research&Development) for HEIs
technical profile, etc.;

4) development and financing of operational project management, its evaluation and
monitoring of implementation, organization of the financial management system, preparation
of reporting documents.

Given the above, scientific publications have discussed the ways to develop higher education
in physics and technology to ensure its quality. The analysis of scientific publications allowed
to describe the existing problems of higher physics and technics education and promising ways
to solve them in the context of sustainable development of society, in particular:

1) the development of educational programs, their implementation and control over
educational activities are mainly engaged in educators, many of whom are familiar only with
the theoretical side of professionally oriented activities of specialists in technical specialities.
This leads to the fact that young professionals who have just received a diploma and came
to the company are familiar only with the general theory, much of which is indirectly related to their
professional activities. Confirmation of this fact is that even in the List of fields of knowledge and
specialities in which higher education is currently being trained, approved by the Cabinet
of Ministers of Ukraine dated 29. 04. 2015, some terms are not always used correctly, including
«production», «technology» and «engineering».3%8. A thorough analysis of these concepts and
an explanation of their content is reflected in the publication of A.Vdovychenko (2016)3%.
M. Karpash, E. Kryzhanivskyi and O. Karpash (2014)*% also point to a significant weakening
of technical relations with industrial enterprises. This situation, scientists emphasize, does not
contribute to the realization of the target function of engineering education — preparing graduates
for socially responsible engineering activities.

We believe that to solve this problem it is necessary to involve in the development
of educational programs practitioners in natural sciences (including physics) and technical sciences,
representatives of the economic sector and all stakeholders. As a result of such a comprehensive
discussion, educational programs will be updated to take into account all aspects of future
professional activities and innovative trends in education (digitalization, robotic systems, elements
of artificial intelligence, 3D modelling, mechatronics, etc.);

2) the need to strengthen the practical component in educational programs for the training
of specialists in technical specialities. Modern high-quality physics and technics education should
ensure the formation of graduates of HEIs not only knowledge in a particular sector of the economy
but also relevant skills that will further effectively carry out professional activities.

The list of practical activities for each educational program, their types, forms, and terms are
determined by the standard of higher education (if it currently exists), curriculum and schedule
of the educational process in each HEI. Analysis of educational programs of technical HEIs,
in particular Vinnytsia National Technical University and Flying Academy of the National Aviation
University, gives grounds to conclude that the acquisition of knowledge and skills in educational
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programs of technical specialists does not always form a logical system. This is manifested
in the following:

— there are no comprehensive practical classes aimed at solving real professionally oriented
tasks;

— there is a significant gap between theory and practice. Educational programs are focused
on the acquisition of theoretical knowledge. As an example, in the best universities in the world up
to 70% of the educational program of bachelors, masters, Ph-doctors is devoted to the acquisition
of practical skills***;

— part of the disciplines is aimed at developing the general worldview of future professionals,
but they do not contribute to the formation of professional worldview, do not acquaint students with
the peculiarities of a sustainable society and the importance of their future profession for economic
development;

— the amount of practical training in most cases is reduced to the minimum recommended
by the standard of higher education, there is often a replacement of practical training for students
to stay at the department of industrial enterprise.

One of the possible solutions to this problem is the introduction of a dual form of learning.
Following Part 10 of Art. 9 of the Law of Ukraine «On Education» dual form of education —
a method of education that combines training of persons in educational institutions (in other
subjects of educational activities) with training in the workplace at enterprises, institutions, and
organizations to acquire certain qualifications usually on a contract basis®?,

This form of education is not innovative for the world educational space and has proven its
effectiveness. For example, in Germany, the history of dual education has a long history and aims
to combine theoretical and practical approaches to learning, providing training for highly qualified
professionals ready for practice, development of professional and social competencies, and
sustainable development®*3,

3) ensuring interdisciplinarity of higher physics and technics education. State educational
standards provide for the traditional subject principle of technical education but limit
the introduction of interdisciplinary courses in the curriculum, which is one of the reasons
for the fragmentary training received by graduates of technical HE1s%*,

Currently, the goal of the professional activity of specialists in technical specialities
is to increase the efficiency and productivity of all human activities (industrial, agricultural,
medical, scientific and even political) by its technology at a higher level3*.

However, at the present stage of the development of society, the product of the technical
speciality is information, management decisions, actions, procedures and operations, and most
of them are interdisciplinary®*. Given the urgency of this issue, the Ministry of Education and
Science of Ukraine has developed and approved requirements for interdisciplinary educational
(scientific) programs of higher education (Order of February 1, 2021, Ne 128 «On approval
of requirements for interdisciplinary educational (scientific) programs»347). Such interdisciplinary
educational programs are actively implemented in the countries of the European Higher Education
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Area, which allows creating new professional and academic rights for applicants and helps
to increase the competitiveness of the higher education system. The purpose of implementing such
programs in the domestic educational space is to form learning outcomes common to a group
of specialities belonging to one or two fields of knowledge and to promote the implementation
of the student's conscious further choice of speciality for further study.

4) the need for the formation of modern technical thinking in applicants for higher education
in technical specialities. Modern technical thinking is thinking not so much at the level
of individual machines and mechanisms but at the level of technology (in particular,
STEM-technologies, cloud-oriented technologies, ICT, etc.), which should consider the results
of their impact on the environment, as well as social consequences. Professionals with such thinking
are in great demand today because they are the ones who can solve issues related to the sustainable
development of society.

In the conditions of the fourth industrial revolution, when there is the rapid ageing
of technology and some technologies are replaced by others, technical thinking must reach a new
level of development so that without additional education, the specialist can adapt to the modern
man-made environment. Scientific publications define technical thinking as the psychological
process by which a person traces the connections between objects and phenomena. Manifestation
of technical thinking is the understanding of technology, in particular: understanding the structure
of the technical device, the principle of its operation, troubleshooting®*®. His vision of resolving
the outlined contradictions is given in the publications S. Dembitska, O. Kuzmenko (2021)**°,
S. Dembitska, I. Kobylianska, & S.Puhach (2020)*°, Ta S.Dembitska, O. Kobylianskyi,
T. Horokhivska, & V. Puhach (2021)%*,

Thus, the 21% century is a century of global transformation and the introduction of innovative
technologies. Ukraine’s transition to sustainable development is almost the only way out
of the current situation. The current environmental crisis is a very acute and important issue that
requires swift action and decisions. Education is the main means of forming and reproducing
the intellectual potential of the nation, a new system of worldview values and spirituality
of citizens. One of the key tasks of education is the formation of environmental awareness,
the ability to see the world in all its relationships.

The main participants in education for sustainable development are educators — the inclusion
of ideas for education for sustainable development in courses and disciplines (for example, physics
and technics direction), development of separate courses on sustainable development, preparation
of textbooks in education for sustainable development, retraining education for sustainable
development. Education for sustainable development lasts a lifetime and includes all levels and
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categories of education and training. Thus, the educational system plays a crucial role in society,
because it determines the social outline of the future of the country.

The priority tasks of sustainable development in education are the development of special
education programs designed for sustainable development; introduction of pedagogical conditions,
creation of models of new pedagogical culture and pedagogical content; continuous improvement
of the knowledge base of subjects of education and ensuring constant awareness of the population
on sustainable development.

Prospects for further scientific research are seen in the development of a model
for the formation of the environmental culture of specialists in technical specialities based
on sustainable development.
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