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FOREWORD 

In an era defined by unprecedented environmental challenges and rapid technological 

advancements, the imperative to adapt and innovate within ecological education has never 

been more critical. This monograph, "Education Innovations in Training Students-Ecologists 

as a Response to Modern Challenges: Green and Digitalization Paradigms," addresses this 

urgency by exploring transformative approaches to ecological education through the dual 

lenses of green and digitalization paradigms. 

The actuality of the issues explored in this work stems from the growing recognition that 

traditional educational models often fall short in equipping students with the competencies 

needed to tackle the complexities of the 21st-century environmental landscape. The 

escalating climate crisis, biodiversity loss, and the unsustainable use of natural resources 

demand a paradigm shift in how we educate future ecologists. Simultaneously, the digital 

revolution offers unprecedented opportunities to enhance teaching methodologies, expand 

access to knowledge, and foster innovative solutions. 

The value of this monograph lies in its comprehensive exploration of key themes and 

innovative approaches, including a thorough examination of the fundamental concepts and 

core principles of sustainability and greening in education; an analysis of the integration of 

knowledge as a crucial condition for advancing scientific understanding in the field of 

ecology; the development of an integrated approach to education content, ensuring a holistic 

and interdisciplinary perspective; an emphasis on the natural science foundation for shaping 

the content of environmental disciplines; a strategic overview of the critical issues 

surrounding the development of environmental education; a balanced discussion of the pros 

and cons of information technology in high school education; an exploration of the current 

state of higher education within the context of digitalization and the implementation of 

sustainable development principles; case studies and examples of educational innovations in 

training Bachelor's and Master's students-ecologists in Ukraine, Slovakia, and Poland; and the 

design and implementation of specialized educational modules, such as the "Water Security 

Course" and the course on "European Green Dimensions," tailored to achieve the goals of 

sustainable development and prepare ecologists for the challenges of the European context. 

This monograph not only explores theoretical frameworks and pedagogical strategies but also 

provides practical examples and case studies that can be adapted and implemented in various 

educational settings. We hope that this work will serve as a catalyst for further discussion, 

research, and collaboration among educators, researchers, and stakeholders committed to 

advancing ecological education. 

Designed for a diverse audience, this monograph is primarily oriented on teachers and 

academic staff in higher education institutions, particularly those involved in environmental 

science and ecology programmes; curriculum developers and policymakers responsible for 

shaping educational frameworks; students pursuing studies in ecology, environmental 

science, and related fields; researchers and professionals working in environmental 

organizations and agencies; and anyone with a vested interest in the future of ecological 

education and its role in achieving a sustainable future. 
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We believe that the insights and recommendations presented in this monograph offer 

significant potential for fostering collaborative initiatives, such as: joint curriculum 

development projects between universities in different countries; exchange programmes for 
students and faculty to promote cross-cultural learning and knowledge sharing; collaborative 

research projects focused on developing and evaluating innovative teaching methodologies; 

the creation of online platforms and resources to facilitate the dissemination of best practices 

in ecological education; partnerships with environmental organizations and agencies to 

provide students with real-world learning experiences and career opportunities. 

By embracing the green and digitalization paradigms, we can empower future generations of 

ecologists to become effective problem-solvers, critical thinkers, and passionate advocates for 

a sustainable planet. This monograph is a call to action, urging the educational community to 

rise to the challenge and shape a brighter future for both ecological education and the 

environment. 

 

Olena Mitryasova & Ruslan Mariychuk 

Mykolaiv, Ukraine – Presov, Slovakia 
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1.1. FUNDAMENTAL CONCEPTS AND 

CORE PRINCIPLES OF SUSTAINABILITY 

AND GREENING 

The fundamental concepts and core principles of sustainability and greening revolve around 

maintaining a balance between environmental, social, and economic factors to ensure long-term well-

being. Here are the key aspects: Sustainability as the ability to meet present needs without 

compromising the ability of future generations to meet theirs; Greening as the process of adopting 

environmentally friendly practices in various sectors, including education, business, and urban 

development; and the three pillars of sustainability (triple bottom line). 

The three pillars of sustainability are: 

• Environmental sustainability − protecting ecosystems, reducing pollution, and conserving natural 

resources; 

• Social sustainability − promoting equity, human rights, and well-being; 

•  Economic sustainability − ensuring long-term economic growth without harming the environment 

(Fig. 1.1). 

 

 

Fig. 1.1. The three pillars of sustainability. 

 

Core Principles: 

• Intergenerational responsibility as ensuring resources and environmental quality for future 

generations; 

• Precautionary principle as taking preventive actions when there is scientific uncertainty about 

environmental impacts; 

• Polluter pays principle as holding those responsible for environmental damage accountable for its 

costs; 

• Circular economy as promoting resource efficiency, recycling, and waste reduction; 
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• Integration and a holistic approach to addressing sustainability challenges by considering 

environmental, social, and economic factors together (The 17 Goals of Sustainable Development; 

Horizon Europe Proposal Evaluation). 

To find balance between economic, social, and environmental needs, both now and in the future. The 

three pillars of sustainability help us recognize everything is connected, actions and impacts must be 

balanced, and no individual, organization, or nation operates by itself. 

Intergenerational responsibility is a key principle of sustainability that emphasizes the ethical 

obligation to preserve natural resources and environmental quality for future generations. It 

recognizes that the actions taken today have long-term consequences, influencing the well-being of 

people and ecosystems in the future (Green Public Procurement). 

This principle is rooted in the idea that current generations should not deplete resources, degrade 

ecosystems, or cause irreversible environmental damage. Instead, they must act as stewards of the 

planet, ensuring that future generations inherit a world with clean air, water, fertile soil, and a stable 

climate. Sustainable development, therefore, involves balancing present needs with long-term 

environmental, social, and economic considerations (Akçay, 2025; Finkbeiner and Chiu, 2018; Miller 

and Dvorsky, 2017; Purvis et al., 2019). 

A crucial aspect of intergenerational responsibility is climate action. Greenhouse gas emissions, 

deforestation, and pollution contribute to global challenges such as climate change and biodiversity 

loss, affecting not only current populations but also those yet to be born. By investing in renewable 

energy, sustainable agriculture, and responsible consumption, societies can minimize environmental 

harm and create a more resilient future. Additionally, education plays a vital role in fostering this 

principle. Raising awareness about sustainability, promoting environmental ethics, and integrating 

green policies into governance and business strategies help ensure a collective effort toward long-term 

ecological balance. In essence, intergenerational responsibility urges individuals, governments, and 

organizations to make decisions that safeguard natural resources and ecosystems. By prioritizing 

sustainability, humanity can uphold its duty to future generations, enabling them to enjoy a thriving 

and habitable planet. 

The precautionary principle is a fundamental concept in environmental policy and sustainability. It 

advocates for proactive measures to prevent potential harm to the environment and human health, 

even when scientific evidence about the risks is incomplete or uncertain. This principle shifts the 

burden of proof to those proposing an action rather than requiring absolute scientific certainty before 

taking preventive steps. At its core, the precautionary principle recognizes that delaying action until 

full scientific consensus is reached can lead to irreversible damage. Environmental challenges such as 

climate change, biodiversity loss, and pollution often involve complex interactions that are difficult to 

predict with certainty. By applying precautionary measures, societies can minimize risks and avoid 

long-term negative consequences. 

One of the key applications of this principle is in regulating new chemicals, technologies, and 

industrial practices. If a new product or process has the potential to cause serious environmental or 

health harm, it should be carefully assessed, and precautionary restrictions should be implemented if 

necessary. Environmental governance is widely employs this approach in regulating genetically 

modified organisms (GMOs), pesticides, and climate policies. 

The precautionary principle also promotes sustainable decision-making, encouraging governments, 

businesses, and individuals to prioritize ecological well-being over short-term economic gains. It 

aligns with the idea that prevention is often more cost-effective and ethical than remediation. In 

essence, this principle serves as a safeguard against environmental degradation, ensuring that 

uncertainty does not become an excuse for inaction. By embracing a precautionary approach, societies 

can protect ecosystems, public health, and future generations from unforeseen risks. The polluter pays 

principle is a key environmental policy approach that holds those responsible for environmental 

damage accountable for covering its costs. This principle ensures that individuals, businesses, or 

governments that cause pollution or environmental harm bear the financial burden of prevention, 

control, and remediation, rather than society as a whole. At its core, the polluter pays principle 
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discourages environmentally harmful practices by internalizing the costs of pollution. It aligns with 

the idea that those who benefit economically from activities that because environmental degradation 

should also be responsible for mitigating their impact. This principle is widely applied in 

environmental regulations, taxation, and market-based instruments such as carbon pricing, waste 

disposal fees, and fines for industrial pollution. One of the most significant applications of this 

principle is in climate change policies. Companies emitting large amounts of greenhouse gases are 

often required to pay carbon taxes or purchase emissions permits under cap-and-trade systems. 

Similarly, industries that generate hazardous waste must invest in proper disposal methods and 

pollution control technologies. The polluter pays principle also promotes sustainable business 

practices by encouraging companies to adopt cleaner technologies, improve resource efficiency, and 

reduce their ecological footprint. By making pollution costly, it incentivizes industries to transition 

toward greener alternatives, ultimately leading to a healthier environment. 

In essence, this principle reinforces environmental justice by ensuring that those who cause harm take 

responsibility, rather than shifting the burden onto taxpayers or future generations. By enforcing 

accountability, governments and organizations can drive sustainable development while protecting 

natural ecosystems and public health. 

The circular economy is a sustainability-focused economic model that aims to minimize waste and 

maximize resource efficiency by keeping materials and products in use for as long as possible. Unlike 

the traditional linear economy, which follows a "take, make, dispose" approach, the circular economy 

promotes recycling, reusing, repairing, and regenerating natural systems. 

At its core, the circular economy focuses on three key principles: 

• designing out waste and pollution — products and processes should be designed to minimize 

waste, toxic materials, and environmental impact. 

• keeping products and materials in use — extending the lifespan of goods through maintenance, 

refurbishment, remanufacturing, and sharing models. 

• regenerating natural systems — using renewable energy, restoring ecosystems, and improving soil 

health through sustainable agricultural practices (European Commission strategy and the SDGs). 

One of the main strategies of the circular economy is recycling and upcycling, which reduces the need 

for extracting raw materials and lowers environmental degradation. Businesses and industries are also 

adopting closed-loop systems, where waste from one process becomes a resource for another. This 

model applies to various sectors, including manufacturing, construction, fashion, and food production. 

For example, companies are designing modular smartphones that can be repaired easily, fashion 

brands are creating clothing from recycled textiles, and food industries are reducing waste by 

repurposing byproducts. By shifting towards a circular economy, societies can significantly reduce 

carbon emissions, landfill waste, and resource depletion while fostering economic growth and 

innovation. It represents a sustainable alternative that balances environmental protection with 

economic resilience, ensuring a healthier planet for future generations (Europe Sustainable 

Development Report 2023/24). 

The integration and holistic approaches are the fundamental principles of sustainability that 

emphasizes the interconnectedness of environmental, social, and economic factors. Instead of 

addressing sustainability challenges in isolation, this approach promotes a systems-thinking 

perspective, ensuring that solutions are balanced, inclusive, and long-lasting. At its core, this principle 

acknowledges that environmental issues, such as climate change, biodiversity loss, and pollution, are 

deeply linked to economic activities and social well-being. A purely environmental solution, for 

example, may fail if it disregards economic feasibility or social acceptance. Therefore, effective 

sustainability strategies must integrate these three dimensions: 

• environmental considerations − preserving ecosystems, reducing carbon emissions, and promoting 

renewable energy; 
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• social equity and well-being − ensuring fair access to resources, education, and a healthy living 

environment; 

• economic sustainability − supporting responsible business practices, green investments, and 

sustainable job creation. 

One of the key applications of this approach is in urban planning and development. Sustainable cities 

integrate green spaces, energy-efficient infrastructure, and inclusive policies to enhance both 

environmental quality and human well-being. Similarly, in agriculture, a holistic approach involves 

balancing food production with biodiversity conservation, fair labor conditions, and economic 

viability for farmers. This principle also encourages cross-sector collaboration, involving 

governments, businesses, researchers, and communities to co-develop solutions that address 

sustainability comprehensively. By breaking down silos and fostering interdisciplinary cooperation, 

societies can create resilient and adaptable systems. In essence, an integrated and holistic approach 

ensures that sustainability efforts are effective, fair, and future-oriented. By considering all key factors 

together, it enables more practical and impactful solutions to global environmental and social 

challenges. 

The Sustainable Development Goals (SDGs), established by the United Nations in 2015, provide a 

global framework for achieving a sustainable and equitable future by 2030. These 17 goals encompass 

a wide range of social, economic, and environmental issues. Incorporating the SDGs into content 

education is crucial for fostering global awareness, responsibility, and action among students. Content 

education, particularly in subjects related to environmental science, social studies, and economics, can 

significantly contribute to advancing these goals. 

Content education is an essential tool for promoting the SDGs, as it allows students to gain knowledge 

and develop the skills necessary to address the world’s most pressing challenges. By embedding the 

SDGs into curricula, educators can help students understand the interconnectedness of global issues 

and empower them to contribute to sustainable development. SDGs related to the environment, such 

as Goal 6 (Clean Water and Sanitation), Goal 7 (Affordable and Clean Energy), Goal 13 (Climate 

Action), Goal 14 (Life Below Water), and Goal 15 (Life on Land), are particularly relevant to content 

education. Students may learn about the importance of environmental protection, sustainable resource 

management, and conservation efforts. For example, incorporating climate action into science 

education helps students understand the causes and consequences of climate change while also 

exploring solutions for mitigation and adaptation. SDG 12 (Responsible Consumption and 

Production) can be introduced through lessons on waste management, recycling, and sustainable 

production processes. By teaching students about the environmental impact of consumption patterns, 

education can drive behavior change toward more sustainable lifestyles. 

Beyond environmental goals, content education can also integrate SDGs related to social equity and 

economic development. Goals like Goal 1 (No Poverty), Goal 2 (Zero Hunger), and Goal 3 (Good 

Health and Well-being) emphasize the need for social sustainability. Education can address the 

importance of poverty reduction, improving access to healthcare, and promoting food security, 

empowering students to take action on these issues. SDG 10 (Reduced Inequalities) is crucial in 

fostering a sense of social responsibility. In social studies and economics lessons, educators can teach 

students about inequality, its root causes, and how addressing disparities leads to a more equitable 

society. Additionally, Goal 8 (Decent Work and Economic Growth) can be incorporated into 

discussions on sustainable business practices, economic policies, and the role of innovation in 

promoting economic development without exploiting resources. 

Educating students about the SDGs fosters global citizenship and a sense of shared responsibility. By 

aligning curriculum content with the SDGs, educators can create opportunities for students to engage 

with real-world issues. For instance, SDG 16 (Peace, Justice, and Strong Institutions) emphasizes the 

importance of governance, justice, and institutional accountability, which can be explored through 

discussions on democracy, human rights, and the rule of law. Encouraging students to collaborate 

with local and global communities in projects related to sustainability can help bring the SDGs to life. 

These activities can include community service, environmental campaigns, or partnerships with 
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organizations working to achieve the SDGs. This type of hands-on learning helps students understand 

the practical application of their knowledge and inspires them to take action. 

Teachers can integrate the SDGs into content education through project-based learning, case studies, 

and interdisciplinary lessons. For example, students could analyze real-world case studies about 

climate change, poverty reduction, or renewable energy. Additionally, incorporating the SDGs into 

various subjects—such as literature, history, and mathematics — can demonstrate the 

interconnectedness of global challenges and promote holistic learning.  Moreover, assessment and 

evaluation methods can be aligned with the SDGs to encourage students to reflect on their 

understanding and contributions to sustainability. Teachers can foster critical thinking by prompting 

students to explore the trade-offs and synergies between different goals. 

The Sustainable Development Goals provide an essential framework for guiding global sustainability 

efforts, and content education plays a pivotal role in achieving these goals. By incorporating SDGs 

into curricula, educators can prepare students to address complex global challenges, foster critical 

thinking, and promote sustainable behaviors. Through a comprehensive, interdisciplinary approach, 

content education can help create a generation of informed, responsible global citizens committed to 

achieving a more sustainable and equitable future for all. 

In 2019, Ursula von der Leyen became the President of the European Commission, marking a 

significant shift in the Commission’s approach to governance and policy-making. Upon taking office, 

von der Leyen launched the Commission’s new political guidelines, which outlined a comprehensive 

and ambitious agenda for the European Union (EU). The creators of these guidelines shaped them 

around six key priorities, addressing pressing challenges such as climate change, innovation, 

economic growth, and democracy. One of the most notable aspects of these priorities was the 

emphasis on a holistic approach, which integrated the Sustainable Development Goals (SDGs) into all 

aspects of the Commission's proposals, policies, and strategies. This shift reflects a deeper 

commitment to sustainability and the recognition of the interconnectedness between environmental, 

social, and economic issues.  

Climate Change as a Central Priority (Fig. 1.2). The policymakers placed particular attention on 

climate change among the six priorities. Von der Leyen recognized the urgency of addressing the 

climate crisis and the need for the EU to lead global efforts in reducing carbon emissions. One of her 

most ambitious proposals was the European Green Deal, which aimed to make Europe the first 

climate-neutral continent by 2050. Achieving this goal required a series of measures, including 

reducing greenhouse gas emissions, promoting renewable energy, improving energy efficiency, and 

transitioning towards a circular economy. The European Green Deal was not only regarded a response 

to the climate emergency but also as an opportunity to create jobs, stimulate innovation, and promote 

sustainable economic growth, linking environmental sustainability to economic development. 

Innovation and Economic Growth  

Innovation and economic growth were other core priorities for von der Leyen. She emphasized the 

importance of ensuring that the EU’s economy remained competitive and resilient in the face of 

global challenges. This focus on innovation involves promoting cutting-edge technologies, such as 

artificial intelligence, digital transformation, and clean energy solutions, which could drive both 

environmental sustainability and economic development. By fostering a robust innovation ecosystem, 

von der Leyen's Commission sought to ensure that the EU could adapt to changing market conditions, 

address the challenges posed by climate change, and continue to thrive in a rapidly evolving global 

economy. 

Democracy and Values  

Alongside environmental and economic priorities, the new Commission also placed a strong focus on 
democracy, ensuring that the EU remained a beacon of democratic values, transparency, and the rule 
of law. Given the rise of populism and challenges to democratic principles within and outside Europe, 
the Commission's guidelines underscored the importance of reinforcing democratic institutions, 
promoting human rights, and ensuring that EU policies are developed with the active participation of 
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citizens. Von der Leyen stressed that the EU’s future must be rooted in solidarity, fairness, and 
justice, which would guide policies for all Member States, ensuring that no one is left behind. 

 

 

Fig. 1.2. European Commission Priorities. 

 

Holistic Approach to the SDGs  

One of the most transformative aspects of von der Leyen’s political guidelines was the holistic 
approach to integrating the Sustainable Development Goals (SDGs) into all of the Commission’s 
policies and strategies. This approach reflected an understanding that sustainability is not a stand-
alone issue but rather one that intersects with multiple facets of society, economy, and governance. 
For example, the Commission’s work on climate change (SDG 13) was not limited to environmental 
policies alone but also considered how social and economic factors could be aligned with 
sustainability goals. By embedding the SDGs into policy proposals related to innovation, economic 
growth, and social well-being, the Commission sought to ensure that sustainability became a core 
principle in all EU actions, not just an afterthought. 

The integration of the SDGs into the EU’s policy-making process meant that the Commission aimed 
to address environmental, economic, and social challenges simultaneously. For instance, promoting 
clean energy (SDG 7), sustainable cities (SDG 11), and responsible consumption (SDG 12) would 
also support the EU's long-term goal of reducing inequality (SDG 10) and fostering inclusive 
economic growth. The holistic approach was aimed at ensuring that all EU policies and proposals 
contributed to the achievement of the SDGs, from reducing poverty and inequality to ensuring that no 
one is left behind in the transition to a more sustainable future. 

By emphasizing a holistic approach that integrates the SDGs into all of the Commission's policies and 
strategies. Sustainability was placed at the heart of the EU's political agenda. This integrated approach 
aligns environmental, economic, and social objectives, paving the way for a more sustainable, 
inclusive, and resilient future for Europe and the world. The implementation of the European Green 
Deal and other related policies aims not only to address the climate crisis but also to create new 
opportunities for economic growth, technological advancement, and social equity, all while 
reinforcing the democratic values that underpin the EU. 
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1.2. INTEGRATION AS A CONDIDION FOR 

THE DEVELOPMENT OF SCIENTIFIC 

KNOWLEDGE 

Exploring the implementation of an integrated approach in education, we set ourselves the task of 

finding out: 

• what does the term "integration" mean in science in general; 

• how integration processes manifested themselves in the development of scientific knowledge; 

• how the concept of "integration" interpreted and implemented in education? 

An analysis of the literature shows that the concept of "integration" comes from the Latin word 

integration, meaning reproduction and restoration, derived from integer, which signifies wholeness. It 

refers both to the state in which individual parts are connected into a unified whole and the process 

that leads to such a state (Encyclopedia of Modern Ukraine). 

In philosophy, integration is understood as "a process or action that results in integrity, unification, 

connection, restoration of unity" (Shynkaruk, 1986, p. 331). A natural question arises: what does the 

term "integrity" mean? The philosophical interpretation of this concept is as follows: integrity—

completeness, totality, integrity, and own regularity of the subject (Shynkaruk, 1986, p. 506). The 

concept of "integrity" began to be used at the turn of the nineteenth and twentieth centuries in order to 

consider all objects in their primary relationship, in their primary structure, since the properties of the 

constituent parts can never explain the state or general properties of the whole. According to Aristotle, 

the whole is not "composed" of parts; it only distinguishes parts, in each of which it acts as a whole, 

that is, the whole is greater than the sum of its parts (Encyclopedia of Modern Ukraine). 

In the natural sciences, the concept of "integration" is understood as a stage of the process associated 

with the combination of previously dissimilar parts into a single whole; the state of ordering the 

functioning of the parts of the whole (Kharitonov, 1996). Integration processes can take place both 

within the framework of an already established system (in this case, they lead to an increase in the 

level of its integrity and organization and, accordingly, greater efficiency) and during the emergence 

of a new system of previously unrelated elements. Individual parts of an integrated whole can have 

varying degrees of autonomy. In the system, during integration processes, the volume and intensity of 

interconnections and interactions between elements increases; in particular, new levels of 

management are built up (Shynkaruk, 1986, p. 181). 

For scientists, the principle of integration functionality is important, according to which functional 

characteristics are created in the system during the complexity of the structure. In the natural sciences, 

the term "integration" was first introduced by the English philosopher and representative of 

evolutionism G. Spencer in 1857. 

An important regularity of the development of science is the unity of the processes of differentiation 

and integration of scientific knowledge. 

Modern science is called "great science" for a reason. Its systemic complexity and branching are 

impressive − now there are more than 15 thousand different scientific disciplines. In the past, the 

picture was significantly different. In Aristotle's time, the list of sciences barely reached two dozen 

(philosophy, geometry, astronomy, geography, medicine, etc.). Scientific knowledge in ancient times 

was syncretic, or unbranched. Birth in the seventeenth century: classical natural science marked a new 

stage in the study of nature − analytical. 
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Classical natural science destroyed ancient ideas about the cosmos as a complete and harmonious 

world, which is perfected and integral. The dominant feature of classical natural science, as well as 

the entire science of the New Age, was mechanics. There is a strong tendency to reduce (reduce) all 

knowledge about nature to the fundamental principles and ideas of mechanics. At the same time, 

knowledge based on the concepts of "value", "integrity", and "harmony" was deleted from the sphere 

of scientific thought. A purely mechanistic picture of nature was approved. Thus, the mechanistic 

scientific picture of the world was built on the basis of experimental and mathematical natural 

science. In the general direction of this doctrine, science developed until the end of the nineteenth 

century. 

The focus on reducing the entire complexity of a single, integral world of nature to several "simple 

elements" prompted researchers to detail the objects of study. Numerous inventions and discoveries of 

the last century have significantly expanded the cognitive capabilities of man and the number of 

natural objects available for study. Therefore, the growth of scientific knowledge is accompanied by 

continuous differentiation, i.e., differentiation into smaller sections and subdivisions. So, for example, 

a number of sciences have been created in physics: mechanics, optics, electrodynamics, 

hydrodynamics, thermodynamics, etc. Chemistry was also intensively divided: first into organic and 

inorganic, then into physical, analytical, then colloidal, agronomic, biological, quantum, polymeric, 

ecological, etc., depending on the object of study, on the chemistry of oil and gas, alloys, soils, water 

(hydrochemistry), crystal chemistry, etc. 

The necessity and advantages of such objective specialization are obvious. This process continues to 

this day. For example, genetics has recently been formed as an independent science; today it is 

presented in different forms: evolutionary, molecular, population, etc. In chemical science, such areas 

as quantum chemistry, radiation, plasma chemistry, high-energy chemistry, etc. appeared. The number 

of independent scientific disciplines is constantly growing. 

At the same time, already within the framework of modern classical natural science, the idea of the 

fundamental unity of all-natural phenomena is gradually asserted. Thus, the explanation of chemical 

phenomena is impossible without the involvement of physics and biology, and the objects of geology 

require both physical and chemical means of analysis. A similar situation arises when explaining the 

processes of life of living organisms, because the simplest of them is both a thermodynamic and a 

chemical system. 

That is why "related" natural science disciplines began to emerge—physical chemistry, chemical 

physics, biological chemistry, biogeochemistry, chemical thermodynamics, etc. At the present stage 

of the development of science, the main fundamental disciplines have diffused into each other so 

strongly that scientists have faced the question of the emergence of a single science of nature. Such a 

science is ecology. Ecology is the basis that covers all branches of modern science, and its role lies 

precisely in the integration of scientific and practical knowledge (Mitryasova, 2001). 

At present, in natural science, there is a dispute between the processes of integration and 

differentiation (differentiation). The forms of manifestation of integration processes in science, which, 

from our point of view, really reflect the modern patterns of development of the integrated approach, 

are defined, namely: 

• organization of research on the border of related scientific disciplines, where the most interesting 

scientific problems have not yet been disclosed; 

• development of scientific methods that are important for many sciences (for example, spectral 

analysis, chromatography, and computer experiments); 

• search for general theories, principles to which an infinite variety of natural phenomena could be 

reduced (for example, the hypothesis of the "Great Unification" of all types of fundamental 

interactions in physics, global evolutionary synthesis in biology, physics, chemistry, etc.); 

• development of theories that perform general methodological functions in natural science (for 

example, general theory of systems, cybernetics, synergetics); 
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• change in the nature of the tasks solved by modern science—they are becoming more and more 

complex, requiring the participation of several disciplines at once (for example, environmental 

problems, the problem of the emergence of life, etc.). 

Integrated processes in natural science have become leading in its development. The first scientific 

idea was the idea of the unity of knowledge. It was the development of this thesis that led to the birth 

of science as theoretical knowledge. But this does not mean that the processes of differentiation of 

scientific knowledge have ceased their development. They continue. Differentiation and integration in 

the development of science, in particular natural science, are tendencies that complement each other. 

Integration of scientific knowledge is carried out in various forms, starting with the use of concepts, 

theories, and methods of one science in another and ending with the emergence of the system method 

in the twentieth century. Studying the experience of integration processes, we had a need to show that 

the system method is one of the forms of implementation of integration processes in science, and 

systematization and generalization are one of the leading functions of knowledge integration in 

education; in other words, the concepts of "integration", "integrity" are directly related to the concepts 

of "system" and "system method". 

The implementation of integration processes cannot take place without the involvement of the system 

method. Therefore, we turned to the philosophical interpretation of the concepts of "system" and 

"system method". In a general and broad sense, the systematic study of objects and phenomena of the 

environment is understood as a method in which the latter are considered as parts or elements of a 

certain whole entity. These parts or elements interact with each other, determining new, integral 

properties of the system, which are absent in its individual elements. The main thing that defines a 

system is the interconnection and interaction of parts within the whole. 

The system approach is characterized by a holistic consideration of the subject of study, determination 

of the interactions of the constituent parts or elements of the totality, and the discrepancy between the 

properties of the whole and the properties of the parts of the latter. If the properties of simple 

aggregates (aggregates) are additive, that is, they are summed up or consist of properties or quantities 

of their parts, then the properties of systems as integral neoplasms are non-additive. 

The difference between systems and aggregates, or simple aggregates, is not absolute but relative and 

depends on how to approach the study of the population. After all, a pile of stones can be considered 

as a certain system, the elements of which interact according to the law of universal gravitation. But in 

this case, the emergence of new integral properties that are characteristic of true systems is not 

determined. When defining systems, we have always kept in mind their characteristic feature, which 

is the presence of new additive system properties. 

Recently, many attempts have been made to give a logical definition of the concept of a system. In 

logic, the typical way is to define through the closest genus and species difference. As a generic 

concept, the most general concepts of mathematics and philosophy are most often chosen. To 

logically define the concept of the system, the mathematical concept of number was used. A system is 

a set of objects together with the relations between objects and their attributes (properties). This 

definition does not note that the objects that make up the system interact with each other with the 

formation of new, integral system properties. 

The structure of the system is characterized by the components from which it is built. Such 

components are subsystems, parts, or elements of the system, depending on which units are taken as 

the basis for division. Subsystems make up the largest parts of the system, which have a certain 

degree of autonomy but at the same time are subordinate to the system. As a rule, subsystems are 

distinguished into specially organized systems, which are called hierarchical. Elements are often 

referred to as the smallest parts of a system, although any part can be considered as an element and as 

a system, regardless of size (Shynkaruk, 1986). 

The structure of the system is called the totality of those specific relationships and interactions, due to 

which new integral properties arise, characteristic only of the system and absent from the components 
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of the system. In Western literature, such properties are called emergent, that is, those that arose as a 

result of interaction (Maurer, 2021). 

A typical example of a conceptual system is a scientific theory, which expresses, with the help of 

concepts, generalizations, and laws, objective, real connections and relations existing in natural and 

social systems. The systemic nature of a scientific theory is expressed in its construction in such a 

way that individual concepts are interconnected within a certain integral structure. An important 

function of scientific knowledge is to systematize all the accumulated knowledge. Thus, one of the 

functions of the integrated approach in education is the systematization of knowledge. 

Scientific knowledge divides nature into different fields of knowledge, which are subject areas, that is, 

branches of theoretical generalizations regarding a certain subject. Nature itself is not obliged to obey 

our scientific differentiation and our specialization. Although this differentiation reflects the 

differences that take place in natural objects and processes. But this reflection is not a mirror image; it 

has a complex structure. 

Any natural object can become the subject of study of various sciences, since these sciences 

distinguish their subject of study in the object. For example, classical mechanics deals only with 

macroscopic bodies, and in this sense directly expresses the movement of these bodies. But the laws 

of classical mechanics can be used in the process of studying microparticles. Thus, atoms can be 

studied not only from the standpoint of classical mechanics but also from the side of chemists, 

quantum physics, etc. The structure of the atom includes charged particles, the movement of which 

obeys the laws of quantum electrodynamics. The study of the structure of the nucleus requires the use 

of the laws of nuclear physics. 

Thus, each natural object can be represented in its integrity and completeness only by the totality of 

knowledge about its individual properties, which are described in the subjects of individual sciences. 

This thesis constitutes the problem of theoretical synthesis, which in modern scientific knowledge 

acquires special relevance. The problems of synthesis always need to go beyond the boundaries of this 

special science. Specialization in the sciences is now becoming insufficient. There is a need for 

specialization in problems, and this, first of all, requires entering the field of methodological research. 

The synthesis of various theoretical approaches leads, through the construction of a new theory, to a 

more holistic knowledge about natural objects. This synthesis is possible only on the basis of 

awareness of the significance and use of methodological principles in scientific work. 

One of these methodological principles for the selection of scientific theories is the principle of 

correspondence of experience. But in the history of cognition, as a rule, there are situations when two 

or more theories are equally confirmed by experience. In this case, there is a need to choose, and this 

also requires certain criteria. Among such criteria, the most important is the criterion of simplicity. 

But often even this is not enough. A scientific theory must fit into the existing picture of the world. 

This principle puts forward the most stringent requirements for the theory, although they are not 

always realized in different periods of the development of science. Disagreements with the accepted 

picture of the world are irreconcilable, and the process of resolving them leads to a crisis situation that 

ends with the restructuring of the entire system of knowledge about nature. 

Nature, which is divided in scientific knowledge into separate islands of knowledge, can be 

reproduced in its organic integrity in the same knowledge. Such a reproduction of nature at the 

theoretical level of knowledge is still a distant ideal of modern knowledge. Only now, knowing more 

about nature, scientists face even deeper and more comprehensive problems that force them to look 

not only for the internal unity of natural processes but also for the unity of nature and man. 

Having determined that the implementation of integrated processes in science, as well as in education, 

is impossible without the involvement of the system method, we consider it necessary to clarify the 

question of the worldview significance of the latter, because in our study the main goal of introducing 

an integrated approach in the educational process is precisely the formation of a holistic idea of the 

objects of study in students. 
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We will also outline the main directions for the development of integration processes in scientific 

cognition, which will help us in the future to determine the goals and objectives of integrated learning. 

Thus, the widespread of ideas and principles of the system method contributed to the definition of a 

number of new problems of a worldview nature. Moreover, some Western leaders of the systemic 

method began to consider it as a new scientific philosophy, which, unlike the philosophy of 

positivism, which focuses on analysis and reduction, focuses on synthesis and anti-reductionism 

(Shynkaruk, 1986). 

Proponents of mechanistic ideas argue that parts play a certain role in this ratio, since it is from them 

that the whole arises. At the same time, they ignore the fact that within the whole, the parts not only 

interact with each other but are also affected by the whole. An attempt to understand the whole by 

reducing it to the analysis of parts becomes untenable precisely because it ignores synthesis, which 

plays a leading role in the process of the emergence of any system. In other words, any system is 

characterized by special integral, integrated properties that are absent in its components. 

The opposite approach, which relies on the priority of the whole over the parts, is not widely used in 

science because it cannot rationally explain the emergence of the whole. Often its proponents resorted 

to the assumption of irrational forces, for example, in chemistry the theory of vitalism ("life force") 

and other similar factors. In philosophy, such views are defended by adherents of the theory of 

holism, which also proceeds from the idea of the integrity of the environment. Followers of this 

doctrine believe that the whole is in any case more important than the parts. In relation to social 

systems, such principles cause the silencing of the individual by society, ignoring his freedoms and 

independence. 

The concept of holism about the priority of the whole over the parts is not consistent with the 

principles of the system method, which also emphasizes the great importance of the ideas of integrity, 

integration, and unity in the knowledge of the phenomena and processes of nature and society. But 

upon closer examination, it is determined that holism excessively increases the role of the whole 

compared to the parts, the importance of synthesis in relation to analysis. Holism is therefore a one-

sided concept, like atomism and reductionism. 

The systematic approach avoids such extreme cases in cognition of the world. The system as a whole 

arises as a result of concrete, specific interaction of certain real parts. It is as a result of such 

interaction of parts and the whole that new integrated properties of the system are formed. The 

emerging new integrity influences the parts, subordinating their functioning to the tasks and goals of a 

single integral system. Thus, the process of cognition of natural systems can be successful only when 

in them the parts and the whole are studied in interaction with each other, when the analysis is 

accompanied by synthesis. 

Thus, having outlined various directions for the development of integration processes in scientific 

knowledge (synthesis and anti-reductionism, the theory of holism, and the system method), we 

approached the definition of integration processes in education. After all, education as a part of the 

general culture of a person reflects in its content modern trends in the development of scientific 

knowledge. 

Thanks to the great discoveries of the second half of the twentieth century. In the field of natural 

sciences, in the 70s, a new interdisciplinary scientific direction, "Synergetic", appeared, which 

confirmed the generality of the regularities and principles of self-organization of various complex 

macrosystems − physical, chemical, biological, technical, economic, and social. The modern scientific 

picture of the world and the achievements of synergetic open up wide opportunities for modeling 

educational processes using methods and approaches that have traditionally been used in natural and 

exact sciences. 

At present, a new, so-called synergistic direction of development has appeared in pedagogy. The 

century that has come is one of interdisciplinary research. The methodology of interdisciplinary 

research is horizontal; the interdisciplinary connection of reality is associative, with metaphorical 

transferences that carry a colossal heuristic charge. The disciplinary approach solves a specific task 
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that arises in the historical context of the development of the subject, selecting methods from the usual 

arsenal of tools. The exact opposite is an interdisciplinary approach, when tasks are found for a 

certain universal method that can be effectively solved with its help in various fields of human 

activity. 

In forecasts about the prospects for the development of education, one should rely on the tendencies 

of mutual complementarity of the natural-scientific methodological tradition and humanitarian ways 

of cognition. The specificity of the methodology of interdisciplinary knowledge lies in the 

predominance of integrative and synthesizing tendencies. But we do not ignore the disciplinary 

method with its vertical cause-and-effect relationships. Differentiation and integration are two sides of 

a single whole. Integration processes are accompanied by differentiation, mutually complementing 

each other. 

The history of pedagogical thought shows that integration and its dialectical opposite − differentiation 

of learning—arose from two historical forms of knowledge organization: encyclopedic and 

disciplinary. Even in ancient Greece, the encyclopedic form of knowledge provided for acquaintance 

with the basics of sciences in their integrity, interconnection, and harmony, the correlation of 

information about the environment with philosophical views on the world as a whole. 

Encyclopedic and disciplinary forms of knowledge organization in the education system have 

coexisted and complemented each other for centuries. Even J.A. Comenius believed that "... It would 

be a mistake to teach the sciences from the very beginning with all the details, instead of giving first 

of all a simple general overview of all knowledge. No one can be educated on the basis of any 

particular science, independent of other sciences" (Comenius, 1955). 

J.A. Comenius created for students a kind of miniature encyclopedia, in which the concepts of the 

Earth, water, luminaries, natural phenomena, animals, plants, minerals, and man were revealed. At the 

same time, the scientist believed that students need a disciplinary structure of knowledge. 

As early as 1826, I.G. Pestalozzi considered education as a harmonious and balanced development in 

the process of training and upbringing of all human forces. The modern development of education as a 

system should be realized through systemic knowledge necessary for the development of holistic, 

systemic thinking. This knowledge can be obtained on the basis of the integration of humanities, 

fundamental and technical sciences, and should be oriented to the world level of science development. 

This approach assumes, first of all, the versatility and unity of education, the simultaneous and 

equilibrium functioning of its three components: education, upbringing, and creative development of 

the individual in their interconnection and interdependence. Modern education requires the 

development of a new methodology in which the object of research is all links of the educational 

system in their interaction with society and humans. 

Integration of the content of education means a logical, holistic, devoid of internal disputes 

combination of components of the content of education and the presence of orderly relations between 

its elements. In the process of analyzing the integration of the content of education, we distinguish its 

different levels, namely: integration of the entire content of education; integration of separate blocks 

of disciplines (humanities, natural sciences, mathematics, special, etc.); and integration of individual 

sections of a certain discipline; integration of elements of knowledge on a particular topic or section. 

The process of integration of the entire content of education means a combination of the humanitarian 

and natural-mathematical components of education, theoretical and practical components, classical 

heritage and modern achievements of scientific thought, an organic connection with national history, 

culture, and traditions, and the study of regional (local) problems through the prism of problems of a 

global scale. 

Thus, analyzing the development of natural sciences, we can conclude that the latter throughout their 

history have moved in the direction of cognition of nature in its entirety. But the disciplinary 

branching of the natural sciences diverts them from this goal. This goal was defined differently in 

different historical eras, but at all times its very existence remained unchanged. Scientific knowledge 

either destroyed or restored the unity of nature. 
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The birth of classical mechanics, its significant successes in the eighteenth and nineteenth centuries, 

and then the crisis of mechanistic views on nature demonstrate a kind of "wave" when the tendency to 

unity and synthesis is replaced by the tendency of differentiation and rupture. A crisis situation arises 

as a result of a discrepancy in cognitive efforts. Overcoming crisis situations in science, including in 

pedagogy, is carried out through the search for new types of unity and, accordingly, leads to the 

creation of new scientific theories. 

One of the most important features of modern knowledge is a detailed discussion of fundamental, 

ideological, philosophical, cognitive, and methodological problems, which is a necessary condition 

for the formation of new ideas in science. Different ways of assimilating the world (art, philosophy, 

science, etc.) allow for a multidimensional vision of the problem. That is why the current leading 

trend in the cognitive process is integration. 

At the same time, the content of modern education is characterized by extraordinary differentiation. 

This process of separation of knowledge itself continues to this day and is accompanied by further 

deepening of specializations. Recently, the threat of such a process has become more and more 

obvious because it leads to self-inhibition of scientific thought and also creates an opportunity for the 

formation of a professional who, under certain conditions, can direct his own activities to the 

destruction of universal values for the sake of illusory penetration into the depths of nature. Therefore, 

we have set ourselves the task of substantiating and implementing in the educational process the 

historical tendency towards the unity of scientific knowledge as an urgent problem, to find out the 

goals and objectives of the processes of integration in education. 

Exploring the problem of the essence of integrated learning, we set out to find out and reveal such 

important issues as: 

• natural science foundations of integrated learning;  

• the essence of an integrated approach to education; 

• leading principles of construction and organization of modern natural science knowledge as an 

integrating factor in the content of education; 

• forms of integrated education in modern higher education. 

At present, there are some points in the higher education system, which are that modern higher 

education educates students, develops their individual abilities, "fills" the student with information, 

forms some skills, and prepares them for professional activity. That is, the modern system of higher 

education does quite a lot, but in the end, it does not certify and does not educate the student. 

Nowadays, to some extent, there is a confusion of the concepts of "training" and "education". 

However, at the early stages of the development of pedagogical thought, these concepts were clearly 

distinguished. Suffice it to recall the definition of the concept of education by one of the founders of 

modern education. The scientist understood education as a harmonious and balanced development in 

the process of education and training of all aspects of a person − moral, mental, and physical. 

The 20th session of the UNESCO General Conference determined that education is understood as the 
process and result of improving the abilities and behavior of an individual, as a result of which he 
reaches social maturity and individual growth, but now in the world the interpretation of education is 
reoriented to the formation of personality. Under modern conditions, we are talking about new levels 
of education, in accordance with the latest realities within which the activity of mankind unfolds. In 
other words, it is education in relation to the technosphere and noosphere. In addition, education 
should ensure a holistic perception by a person of the world in which he lives and carries out his 
activities; learning is readiness for professional activity. The lag between education and learning leads 
to the loss of the true meaning of human activity. Due to the gap between the capacity for action and 
the inability to predict its consequences, the harmonious unity of man and his being is lost. Today, 
this gap becomes possible only due to the fact that the main emphasis in the training of specialists is 
on training (20th session of the General Assembly of States Parties UNESCO). 

Education means not only knowledge of specific facts, laws, theories, etc., but also the formation of a 
holistic integrated picture of the world in the process of learning. The creation of the optimal content 
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of education will help to overcome the crisis moments that have emerged in the field of modern 
higher education. This is also emphasized in the publication of V.G. Kremen, who notes that "the 
content of education is one of the complex scientific problems that humanity constantly faces in the 
process of its cultural development; at the same time, the orientation of historically formed education 
not on the perspective of the development of science, but on its retrospective, becomes especially 
acute. The content of academic disciplines until now was marked by a certain conservatism associated 
with the inertia of thinking of its authors, who often did not take into account the dynamic 
relationships between the relevant science and the state of development of practical and technological 
developments that determine the characteristics of scientific and technological progress. The lag in the 
creation of the optimal content of education is also caused by the tendency to solve this problem on 
the basis of an established system of concepts and methods that do not fully meet the requirements of 
the time" (Kremen, 2000, 30). 

Taking into account the above, we emphasize that the selection and structuring of the content of 
education, its updating, and, accordingly, the development of educational standards is a multifaceted 
problem, in particular philosophical, pedagogical, and psychological. An integrated approach to 
structuring the content of education in general allows solving these problems.   

So, the integrated approach to modernizing the content of education is designed to resolve the 
following contradictions: 

• between the content of learning and the realities of life and activity; 

• between the structural-logical way of cognition and other ways of perceiving the world; 

• between the vision of the whole object and its individual elements; 

• between the content of various academic disciplines, modules, and topics. 

The basis for the development and scientific substantiation of the integration of the content of 
education is the current trends in the development of science, the fundamental features of the modern 
picture of the world, as well as the idea of the synthesis of the theory of problem-based learning and 
the methodology of the integrated approach into a holistic innovative technology of learning. 

Based on this, by an integrated approach to learning, in a narrow sense, we understand a special type 
of construction of the content of education, its organization and direction, which are subordinated to 
the solution of a system of intra- and interdisciplinary problems. Integration of knowledge is a kind of 
result, an obligatory consequence of the development and deepening of natural knowledge, which 
occurs in the process of detailing the tasks, differentiation, and specialization of science as a whole 
and its individual disciplines. The concepts of "integrated approach to learning" and "integrated 
learning" are identical. 

One of the leading integrating factors of the content of natural education is the modern natural science 
picture of the world. The leading principles of construction and organization of modern scientific 
knowledge are systematic, global evolutionism, self-organization, and historicity. These principles of 
building a scientific picture of the world as a whole correspond to the laws of existence and 
development of Nature itself. 

The integrated approach is designed to form a holistic worldview in students, and this is possible 
under the conditions of purposeful and persistent coverage of the leading principles of the modern 
natural science picture of the world in the content of courses. 

Let us briefly describe these principles, which should become one of the foundations for the 

integration of the content of education, in particular environmental education. First, it is systematic. 

This principle means the reproduction by science of the fact that the Universe is the largest system 

known to us, which consists of a large number of elements (subsystems) of different levels of 

complexity and orderliness. The systemic way of combining elements expresses their fundamental 

unity: due to the hierarchical inclusion of systems of different levels Each element of any system is 

associated with all elements. For example, human − biosphere − Earth − Solar System − Galaxy; 

electron – atom – molecule – substance – cell – organism, etc. In the same way, the scientific picture 

of the world and natural science itself are organized. All its parts are closely interconnected. All the 

natural sciences are "intertwined" with biological, chemical, and physical knowledge. 
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Secondly, global evolutionism is the impossibility of the existence of the Universe and all its systems 

without development and evolution. The factor of evolution of the Universe testifies to the 

fundamental unity of the world, each component of which is a historical consequence of the global 

evolutionary process. The content of chemical courses allows us to highlight this principle with 

numerous examples. Various genetic relationships between classes of substances, where the transition 

of one class of substances to others can be traced, accompanied by complication, improvement of the 

chemical structure, and change of properties. 

Thirdly, self-organization, which means the ability of matter to self-complicate and create more and 

more ordered structures during evolution. The mechanism of transition of material systems to a more 

complex and ordered state is similar for systems of all levels. Thus, during the study of chemical 

courses, this principle is demonstrated on the facts of the existence of various types of isomerism of 

organic substances. 

Fourthly, the principle of historicity is the fundamental incompleteness of the modern scientific 

picture of the world. The one that exists now is created both by previous history and by specific socio-

cultural features of our time. of the natural-scientific picture of the world and determine, mainly, the 

general outline, as well as the very way of organizing various scientific knowledge into a holistic and 

coherent one. 

These fundamental features of constructing a modern natural-scientific worldview determine the 

highest degree of integration of natural knowledge (external integration). It should be noted that the 

lower level of knowledge integration (internal integration) is formed on the basis of the 

implementation of intradisciplinary relations, namely the use of concepts, categories, laws, theories 

that correspond to certain scientific concepts. But it should be noted that it is impossible to draw a 

clear line between these levels of integration, since the concepts, laws, theories that are leading for 

chemical science are also used in other fields of scientific knowledge.    

Let's outline the goals and objectives of integrated learning. They closely intersect with the goals and 

objectives that education faces in the context of the requirements and opportunities of the XXI 

century. In this sense, we rely on the publications of Zyazyun, 1996, 2000; Kremen, 2003; Nychkalo 

2000, and others, which outline in the most generalized form the main historical challenges facing 

education in the XXI century, namely: 

• maintaining a person’s functionality amid rapidly evolving ideas, knowledge and technologies—

especially in information technology and AI; 

• achieving an optimal balance between the local and the global, that is, the individual's awareness 

of the realities of the globalized world; 

• enhancing development of a person's capacity to navigate complex ability to consciously and 

effectively function in the conditions of complication of relationships in a globalized, information-

driven society. 

Thus, these historical requirements cause changes in the very content of education, in which the need 

to ensure, through the system of individual disciplines, a holistic vision of the world around him and 

the organic inclusion of humans, in particular his own activity, is increasingly actualized. 

From our point of view, an integrated approach to learning provides a systemic and logical attitude to 
reality and the ability to self-determine in the system of cognition. Not as the sole or primary value, 
but as one among many. After all, a person simultaneously develops in many directions, cognizes 
reality in different ways and in different aspects, and sees both the general and the partial. The partial 
is perceived as a part of the general and under such conditions comes into conflict with it, and the 
structural and logical understanding of the world is complemented by empirical, emotional, and other 
ways. 

We believe that the integrated approach to learning is not consistent with the concept of 
anthropocentrism. Although most cultural traditions are based precisely on the methodology of 
anthropocentrism, which recognizes moral duties only to people, opposing itself to the world of 
nature. At present, the strategy of human behavior based on the provisions of the concept of 
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biocentrism, according to which all living things on Earth have the right to exist and man is a part of 
nature that develops simultaneously with all living things on Earth, becomes meaningful. The concept 
of biocentrism is fully consistent with the modern vision of the natural-scientific picture of the world, 
according to which nature is considered as a system of interconnected subsystems of different levels 
of complexity, between which there are hierarchical connections. Thus, the concept of biocentrism 
has no contradictions with the concept of an integrated approach. 

Defining the goals and objectives of integrated learning, we find out the different levels and forms of 
integration of natural knowledge that are known in modern didactics. 

Among the levels of integration in the study of disciplines of the natural cycle, there are: 

• initial level of integration, covering elementary knowledge of nature; 

• intermediate level means the integration of knowledge of a particular topic or module; 

• the final one, which consists of integrating knowledge during the final study of the discipline, such 
as the study of general natural theories. 

These levels are implemented through the following forms of integration: 

Object integration is the allocation of one object of study in courses, topics, sections (for example, 
Earth, water, air, soil, etc.). 

Conceptual integration covers topics or courses that reveal the content of general scientific concepts 
(for example, energy, motion, matter, speed, etc.). 

Theoretical (conceptual) integration is such a compilation of the content of education in which the 
systematizing factor is a certain scientific theory or concept, for example, quantum theory in physics, 
and chemistry; periodic law in chemistry; evolutionary concept in chemistry, biology, astronomy, 
technology, sociology, etc. 

Methodological integration includes both philosophical methodology and individual methods of 
scientific cognition, for example, the use of a systematic approach in the construction of learning 
content; explanation and forecasting in science; the essence and application of observation, 
experiment, modeling in science, etc. 

Problematic integration covers a variety of interdisciplinary problems, for example, highlighting 
issues of a healthy lifestyle, reflecting environmental issues, etc. 

Activity integration is based on the synthesis of knowledge necessary for the performance of certain 
educational activities. Within the framework of active integration of knowledge, various forms of 
work with students are used, for example, discussions, organization of creative group work, thematic 
evenings, conferences, and drawing up integrated plans and projects. 

Practical integration is focused on a comprehensive consideration of products or processes that have 
arisen as a result of scientific and technological progress and require the involvement of knowledge 
from various fields of science, for example, knowledge about plastics, synthetic substances, 
antibiotics, and biological technologies. 

Psychological and pedagogical integration consists of a special organization of information according 
to theoretical models of the learning process developed in psychology and didactics. This form of 
integration is used mainly in experimental studies on teaching methods. 

External integration focuses on the study and description of phenomena in the external environment, 
such as the description of winter holidays, seasons, etc. External integration is usually used for 
elementary school. 

Thus, from our point of view, the integration of knowledge gives an epistemological reflection of the 
world around us. We believe that under modern conditions, the leading ideas of integrated 
environmental courses should be philosophical ideas about the modern structure of the world, about 
the place and role of man in the Universe and the environment, about the meaning and value of life. 
During the construction of the content of education, scientific information is correlated with these 
ideas, considered through their prism. 

General ideas about the world, the essence of life, processes taking place in the environment, 
problems of industrial nature, and universal values orient education to the individual and, thus, 
contribute to the humanization of education. At the present stage of development of society, a 
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necessary prerequisite for broad education of a person is the unity and interconnection of 
humanitarian, natural, mathematical, and technical education. 

In the history of the development of pedagogical thought, only some fragmentary attempts at such an 
approach to the integration of knowledge can be distinguished. Attempts to integrate knowledge were 
limited to highlighting intra- and interdisciplinary relations. It should be noted that the integration of 
knowledge, which consists only in highlighting intra- and interdisciplinary relations, is to some extent 
insufficient for a philosophical understanding of the environment and man. 

Of course, it is impossible only through differentiated learning and interdisciplinary relations to form 
a holistic idea of nature, the place and role of man in it, and an understanding of environmental 
problems. 

Nowadays, there is an opinion in pedagogy that the integration of knowledge should be carried out by 
designing separate special courses. This automatically leads to an increase in the amount of study 
time. In addition, there is a problem of the ratio of classical and integrated courses. In our opinion, 
new integrated courses are inappropriate outside the system of differentiated learning. Thus, one of 
the most important problems in the implementation of an integrated approach to teaching chemistry is 
the optimal correlation of differentiation and integration of the educational process, since integration 
is impossible without differentiation, just as it is impossible for analysis to exist without synthesis 
methods of cognition that provide a reflection of differentiation and integration through the 
consideration of the part and the whole. The optimal ratio of the components of the educational 
process can be achieved using the mathematical Fibonacci patterns, which are presented in the 
publications of Bulgakova (2008; 2011). 

Improving the quality of students' education cannot be achieved only by increasing the number of 
hours and taking new special courses. We prefer an intensive path aimed at eliminating student 
overload by ensuring the accessibility of the content of the academic discipline, getting rid of too 
complicated and secondary material. The main condition for solving this problem is the teaching of 
disciplines, taking into account the future specialty of the specialist. 

As the study shows, strengthening the professional component during teaching by establishing 
interdisciplinary links between the disciplines of general education and professional cycles does not 
yet ensure the improvement of the educational process in higher educational institutions and does not 
change the motivation for learning. Our research and teaching experience allows us to state that the 
implementation of interdisciplinary relations does not cause significant changes either at the level of 
assimilation of environmental knowledge by students, or at the level of formation of a future 
specialist. 

In view of this, the sources of interaction of environmental disciplines are complex objects of nature, 
leading to natural and special knowledge (facts, concepts, laws, methods, principles, theories, ideas, 
metatheories, scientific pictures of the world), complex problems, and complex sciences. Integration 
as a process and result of systematization, generalization, and consolidation of knowledge, which is 
accompanied by the improvement of students' professional training, as well as significant shifts in the 
motivation of learning. 

Thus, summing up, it can be noted that the leading integrating factor of the content of natural, in 
particular ecological, education is the modern natural-scientific picture of the world based on the 
leading principles of its existence (systematic, global evolutionism, self-organization, historicity). The 
main goals and objectives of the integrated approach echo the main goals and objectives facing 
education in the context of the requirements and opportunities of the XXI century. 
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1.3. AN INTEGRATED APPROACH TO 

EDUCATION CONTENT 

Education problems, which are actual, are quite often inconsistent and rather difficult when dealing 

with real solutions to specific educational objectives. The philosophy of the educational process aims 

at system pluralism and the dialogue of different concepts. One such key problem is the education 

content (Bilyavsky and Bogolyubov, 2000; Starosta and Mariychuk, 2000; Kremen, 2003; Chundak et al., 

2001; Kofanova, 2012, etc.). To the development of organizational and educational conditions of 

students’ preparation of an ecology direction, the content of environmental education is devoted to 

research such as Mitryasova and Pohrebennyk, 2015; Mitryasova and Pohrebennyk, 2017; Petruk, 

2015; Tidball, 2011; Rudyshyn, 2009; Simmons, 2004; Sherren, 2008; Stern, 2011; Sterling, 2010; 

Zhou et al., 2012; Van Poeck et al., 2018; etc. Preparation of students of this direction differs from 

other natural-science educational specialties in a diversity and universality that focuses technology of 

creation of the education content on knowledge integration. 

The purpose of research is the creation of an effective didactic system of interdisciplinary knowledge 

of natural-science courses of environmental education with a special emphasis on professional 

orientation. 

The object is the education content of the students’ preparation process, namely, students’ training in 

the environmental specialty. The subject is the integrated approach to forming educational content in 

the students’ preparation process. 

Methods of analysis, synthesis of knowledge, educational experiment and mathematical statistics were 

used for fulfillment of the purpose. 

Integration of modern scientific knowledge as one of the most important tendencies of science 

development has to find its reflection in the content of students-environmentalists’ preparation. The 

theoretical background of the environmental education theory is based on the integrated approach. 

The integrated approach to environmental education is a special type of designing its content that 

opens the system of interdisciplinary connections, and it also coordinates, unites, and systematizes 

knowledge about the main natural-science theories, basic categories, and principles of the modern 

natural-science picture of the world. 

The main tasks of natural sciences education in the context of the integrated approach are to form: 

• the fundamental (global) laws and concepts of nature and research methods that allowed them to 

discover; ideas about the most important milestones on the way to achieving a modern level of natural 

science; understanding of the most common theories that characterize the present level of natural 

science; 

• knowledge about the unity of living and inanimate nature, about the unity of the developing world, 

which is provided by the fact that the physical form of the movement goes higher – chemical and 

biological forms of matter movement; 

• a whole scientific world outlook, awareness of the students of the principles and regularities of the 

nature development – from the microcosm to the Universe and Human, as well as the development of 

ideas that in the transition of systems to a higher level of development at the same time increasing 

their diversity, the growing number of structural parts, there is differentiation, complicated by 

relationships, and simultaneously increases the integration; 

• students’ skills to use the obtained knowledge of natural science disciplines during the solution of 

the professional orientation tasks. 

In a wide sense, the integrated approach to education is not a simple eclectic combination of scientific 

facts and concepts in the content of disciplines, but rather the coordination, combination, and 

https://www.scientific.net/author-papers/hong-zhou-22
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systematization of knowledge regarding basic theories, leading categorical concepts, and principles of 

modern natural science knowledge, aimed at shaping nature and the integrity of worldview. The 

integrated approach aims to resolve the following contradictions: between the content of learning and 

life; between different ways of knowing the world; between the whole and the elements of the whole; 

and between different disciplines. Levels of the integrated approach implementation are internal 

disciplinary and interdisciplinary knowledge and the highest level − methodological synthesis       

(Fig. 1.3). Internal and interdisciplinary integration is being implemented through the selection of the 

content of education − the facts, concepts, laws, methods, and theories according to specialization and 

humanization. Dialectic categories are set off at the level of methodological synthesis, for example, 

unit, system, structure, element, cause, consequence, content, form, causality, randomness, pattern, 

etc. 

 

Fig. 1.3. Levels and directions of the integrated approach implementation. 

The most important aspects of an integrated approach are component, functional, and prognosis       

(Fig. 1.4). The component aspect of integrated training responds to the question “What is 

integrated?”. The functional component of integrated learning manifests itself as the functioning of 

the intra- and interdisciplinary connections and responds to the question “How is it integrated?”. The 

prognosis aspect of integrated learning has two areas: genetic and prospective, so it demonstrates 

basic and promising concepts and ideas. 
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Fig. 1.4. The most important aspects of an integrated approach. 

The principles of selection and structuring of educational material for preparation of students-

environmentalists are defined and substantiated. First of all, these are the principles: systematic 

(systemic factors are the goal of natural education in the context of the integrated approach, leading 

laws and theories, basic categorical concepts, principles of natural science, objects of study); 

interdisciplinary connections, fundamentalization, professional orientation of the content of education, 

and orientation of the content of training to the disclosure of environmental problems. 

The training of the natural specialties students differs by plurality and covers a wide range of 

humanitarian, social, and natural sciences. Especially, there is a need to identify and justify the major  

categories that serves as fundamental centers, integrating various graduate-level training courses  

knowledge − at the level of methodological synthesis. Such centers of integration for students-

environmentalists are the following categories: life quality, environmental safety, idea of a 

coevolution and sustainable development of nature and person, and exhaustion of natural resources. 

The implementation of the integrated approach to building the content of education has been 
confirmed in the practice of training environmentalists by university education. Several integrated 
training courses have been built, organized, and implemented. For example, the integrated training 
course "Water Security", which is implemented under the auspices of the programme EU Erasmus+ 
Jean Monnet Activities, includes key elements of European environmental policy in the field of water 
ecology, including the world’s and EU's practices for sustainable development and the processes of 
environmental policy integration. The course covers topical issues that contribute to a better 
understanding of the environmental, economic, social, biophysical, technological, and institutional 
influencers of current and future global water security to achieve the goals of sustainable 
development. Besides, it has developed questions about climate change, water pollution monitoring, 
technology of water treatment, the quality of drinking water, and the integration of environmental 
water politics into regional practices. Also, the course includes issues that, in order to better 
understand the nature and drivers of urban water demand and the potential for social and economic 
instruments to drive conservation efforts. As well, the course comprises the international dimension, 
with the role of the EU in international environmental motions (e.g., Kyoto Protocol, UNESCO 
Roadmap for Implementing the Global Action Programme on Education for Sustainable Development, 
Sustainable Development Strategies), the International Water Security Network, and so on, and the 
impact of European policy on other regions of the world. The course is interdisciplinary and connects 
the policy and tools of water monitoring and management, principally addressing EU and Ukraine 
practices of water quality, water resources, biodiversity, and fisheries and their progressive 
integration.
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The main learning outcomes of students are understanding the difference between policies and tools 

of EU and Ukraine for water monitoring and management; explanations goals and system of water 

management at national, regional/EU and global levels; understanding and articulate key 

environmental challenges to water management; articulation and understanding of the evolution of 

systems thinking, ecosystems thinking, the ecosystem approach and ecosystem services, and the 

implication of this for the continued evolution of integrated water and environmental management 

contexts; understanding and using topical and correct terminology related to the environmental 

management in the field of water security; ability to conduct analysis, synthesis, creative reflection, 

evaluation and systematization of various information sources in researching in the field of water 

security. Equally important are such learning outcomes as knowledge of the basic principles, types, 

methods and means of environmental water monitoring and ability to assess and predict the state of 

the objects of the environment; understanding and explanation influential quality of water to health, 

researching skills of water security and other crosscutting issues; understanding of the water 

management system and procedures for activities of enterprises in order to water security, its 

functions, tasks at the global and national levels; knowledge of the latest advanced technologies and 

innovations in the field of water security; discussing the evolving policy and tools of water monitoring 

and management, principally addressing EU and Ukraine practices of water quality, water resources, 

biodiversity and fisheries and their progressive integration. 

Discussing the results of students’ training through the formation of certain outcomes, it is necessary 

to note the overall integrated nature of the "outcome" or "competence" notion regarding the 

definitions of "knowledge", "ability", "skills". The result of the learning is the formation of certain 

types of competencies, which, by the European TUNING project definition, cover the knowledge and 

understanding of, the knowledge of how to operate, and the knowledge of how to be. According to 

TUNING, there are three types of generic competences: instrumental competences (cognitive abilities, 

methodological abilities, technological abilities, and linguistic abilities); interpersonal competences 

("soft skills": individual abilities like social skills, social interaction, and cooperation); and systemic 

competences (abilities and skills concerning understanding of systems' whole); instrumental and 

interpersonal competences. So, the integrated approach to content education can be improved by these 

types of generic competences. 

The main reason to carry out an educational experiment was that students’ training does not provide 

the proper motivation and profiling. The majority of students could not identify the links between 

fundamental and professional knowledge. To assess the quality of education coefficient of knowledge 

and skills Ka is used (Bespalko, 1989, equation 1.1), which was defined as the ratio of correct answers 

of the test a to total test objectives p: 

                                                       
p

a
Ka = .                                                                        (1.1) 

For the majority of recent school graduates (54.7%), this ratio is 0.33, which corresponds to the low 

level of natural general training. The primary diagnostic poll of students found that their training does 

not provide the proper motivation and profiling. The vast majority of those polled could not identify 

the connections between fundamental and professional knowledge. This occurs because the logic of 

the fundamental sciences dominates the content of educational material. Therefore, it is essential to 

investigate the interdisciplinary connections and content of professional learning areas. This is why an 

educational experiment should be conducted among students. The following knowledge 

characteristics were investigated during the research: the completeness of students’ knowledge and 

skills; systematization and generalization of knowledge and skills. 

The completeness of students’ knowledge and skills was defined by the ratio of the number of notions 

applied by students to the number of definitions that can be used. The tasks consisted of their 

reproductive level of educational material. A quantitative characteristic of the completeness of the 

knowledge factor was the acquisition coefficient of knowledge by students. The equation 1.2 

(Kyveryalg, 1980) used for this: 
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where, n – the total number of students who performed work; ∑N – the amount of correct answers in 

the test; and ∑Nі – the amount of correct answers of students. 

Previously the validity of the test tasks had been tested. For this purpose, the coefficient of reliability 
and the correlation coefficient with the results of students’ success were defined. Additionally, the 
validity of the tests has been confirmed, ensuring they are relevant to the educational programme and 
cover basic training material. For statistical calculation of the results, computer programme Excel was
used. Taking the zero hypothesis, according to which the sample, in the same conditions, and because 
the differences between them are caused by accidental causes.

It is determined that the average completeness of knowledge in the experimental groups is 79%, and 
the completeness of students’ knowledge in the control groups averaged 64%, which corresponds to 
low satisfactory scholarship (Fig. 1.5).

The ability of students to systematize and generalize the knowledge provided four levels of 

systematization and generalization: notion, theme, interdisciplinary, and problem. Therefore, we 

considered it necessary to compile tasks that involve students’ knowledge with the appropriate level 

of systematization and generalization. Out of the total number of students in the control and 

experimental groups, the percentage of students who have mastered the knowledge of the appropriate 

level is fixed. Indicators of systematization and generalization of experimental groups on the notion 

level is 83%, the theme is 78%, the interdisciplinary is 57%, and the problem is 54% (Fig. 1.5). 

 

 
Fig. 1.5. Comparison of completeness of students’ knowledge and skills in the experimental and 

control groups. 

 

The analysis shows that, during the study of the integrated course, the level of systematization and 

generalization of knowledge increases compared to the control groups. The average growth level of 

systematization and generalization of students' knowledge of the experimental groups compared with 

the control at the notion level is 10%, on the theme is 9%, the interdisciplinary is 16%, and the 

problem is 22% (Fig. 1.6). 
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Fig. 1.6. Diagram of systematization and generalization indicators of students' knowledge  

in the experimental and control groups. 

 

Thus, the integrated approach to the content of students-environmentalists’ education promotes the 

formation of concepts about fundamental (global) nature laws, understanding of nature unity and 

world development, the formation of a complete scientific outlook, and skills of use of knowledge in 

the course of the professional tasks’ solution. The integrated approach to education is a special type of 

content construction, organization, and direction, which is subordinated to the disclosure of intra- and 

interdisciplinary connections and also the coordination, combination, and systematization of 

knowledge according to basic scientific theories, leading categorical concepts, and principles of 

modern natural information, which are aimed at forming the holistic scientific picture of the world. 

The result of research and experimental work is positive. We tested and confirmed the educational 

effectiveness of the training material content based on the integrated approach and study of the 

indicators of the quality of students-environmentalists’ knowledge. The results of the experiment have 

determined that implementation of the integrated approach into education content enhances the 

completeness of knowledge (79%/64% of the experimental and control groups, respectively), 

systematization and generalization on the notion, theme, interdisciplinary, and problem levels as   

83%/73%, 78%/69%, 57%/40%, and 54%/32%, respectively. 

However, it should be noted that the research does not exhaust all aspects of the problem of the 

content integration of education for student environmentalists. There is a sense of further developing 

the integrated issues of education, namely improved methods of knowledge quality evaluation and 

determination of students’ competencies. 
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1.4. NATURAL SCIENCE FOUNDATIONS IN 

THE FORMATION OF THE 

ENVIRONMENTAL DISCIPLINES 

CONTENT 

 

With the global changes in the world and society that have taken place in recent decades, some ideas 

about the development of the world itself have also changed. For example, the inability of man to live 

in harmony with the environment raises the question of the possibility of further sustainable 

development of modern civilization. To restore the balance between society and the environment, it is 

necessary to change the way of life of a person, which should be based on environmental imperatives, 

so the formation of an appropriate worldview is an extremely urgent task, without the solution of 

which the transition of society to the path of sustainable development will be impossible. 

What are the rational natural science foundations of the modern worldview? 

This question should be answered by such sciences as biology, chemistry, and physics, that is, the 

main spectrum of natural sciences. The essence of the problem is that we must know the patterns of 

development of the biosphere and know the limits of ecosystem stability in order to competently 

determine the level of anthropogenic load without causing environmental crises of local, regional, and 

global scales. Knowledge of the patterns of development of the biosphere is the basis of the rational 

natural-scientific worldview of modern man. 

The traditional scientific picture of the world was formed on the basis of classical science, which 

studied the macrocosm, while modern science covers the mega-, micro-, and sub-microcosm. It 

significantly changed and clarified the ideas and generalizations that formed the basis of the classical 

picture of the world. Natural scientific ideas about matter, structure and properties of matter, space, 

time, and evolution have changed. 

At present, there are several scientific schools in the world regarding the interpretation of the current 

state of relations between the biosphere, society, and man. From the point of view of natural science 

and ecology, humanity is currently facing the problem of harmonious co-evolutionary development of 

man and the environment. 

In natural science, there is still a contradiction: how to combine into a single whole the concept of the 

desire of physical systems to destroy and the desire of biological systems to complicate, or self-

organization. To date, natural science has not solved this problem of combining these mutually 

opposite processes. The result of biological evolution is the complication and improvement of the 

organization of biological systems. From the point of view of natural science, this process is carried 

out as a result of self-organization. Along with self-reproduction, self-organization is a unique 

property of living matter (cells, organisms, populations, biocenosis, etc.), which is carried out due to 

the restructuring of existing and the formation of new connections between the elements of the 

system. A characteristic feature of self-organization is a purposeful and, at the same time, natural 

spontaneous process that is carried out during the interaction of the system with the environment. 

Thus, on the example of chemical structures (atoms, molecules, ions), it is possible to demonstrate the 

process of self-organization on the example of the possibility of the existence of various kinds of 

stereo- and tautomeric isomers. 
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What is the driving force of the processes of self-organization of living matter? Such an engine is the 

flow of free energy of the Sun, which comes to our planet and excites and organizes everything that is 

on its surface. As a result, flows of substances and energy are organized on the planet. The largest 

cycle of our planet is the water cycle, where the main transformations of matter are carried out - solid, 

liquid, and vaporous. All flows of matter and energy rotate. As a result of the rotation of flows, 

physical and chemical transformations are carried out in cycles, along with which the biotic cycle 

evolves. 

Science answers the question of how life originated on the planet (there are a number of theories of 

the origin of life on this matter) and how this life evolves (Charles Darwin wrote about it). 

Studies of the late twentieth and twenty-first centuries are devoted to the search for an answer to the 

question: where, in what direction life evolves? Based on the study of the intensity of energy 

processes occurring at different levels of life organization and in different periods of time, it was 

found that during the transition to a higher level of living matter, the intensity of energy processes 

increases. The lower form of life, absorbing energy, improves its own structure in order to absorb as 

much energy as possible. 

Thus, the energy criterion is the main leading criterion for the evolution of living organisms. This 

criterion allows you to answer the question: in what direction does life develop on the planet? 

Among the variety of forms of wildlife, it is man who is characterized by the greatest intensity of 

energy use. Academician M.V. Timofeev-Resovsky, an outstanding biologist and geneticist, drew 

attention to the fact that only 10% of the energy consumed by a person is provided by renewable 

energy sources and takes part in the natural cycle of things. All other types of energy are consumed by 

man from the reserves of the biosphere. Thus, a person is in an unnatural cycle, which, at the current 

level of society's needs, the level of technology, and human activity, can fit into the natural cycles of 

the biosphere only if the world's population decreases by 10 times or the needs of human society 

decrease by the same number of times (Mitryasova, 2011). 

Another criterion for the evolution of living matter is the existence of cycles, i.e., closed cycles. There 

is no other way of life to exist on the planet. The average cycle duration on Earth is 10 years. This 

means that the batteries of each cycle are returned to the cycle. 

There is a contradiction (the Darwin-Vernadsky paradox) between the need to carry out open systems 

(species, populations, etc.) in closed cycles of evolution, which exchange matter, energy, and 

information with the environment. At the same time, open systems, various forms of living matter, 

evolve according to their own laws, undergo selection, and harmoniously fit into closed cycles of 

elements. 

With all the harmony of the existence of individual links of living matter in a large biotic cycle, the 

human component began to not fit into this cycle due to an increase in the intensity of energy 

processes and the formation of a large amount of waste. 

The mass of humanity is 0.001% of the mass of the biosphere, but at the same time, the intensity of 

energy processes of humanity exceeds the biosphere by 20 times, and the volume of waste generation 

is equal to the volume of photosynthesis. The volume of waste is the first indicator by which 

humanity exceeds the biosphere. 

The modern task facing natural scientists is to predict the development of complex systems based on 

Darwin's laws of evolution and the laws of the system approach. When studying a complex system, at 

least three levels of the system hierarchy should be taken into account – this is the development of 

system elements, the development of the system itself, and the development of the system as an 

element of the supersystem. Only in this way is it possible to predict the future prospects for the 

development of any system, be it a separate species, population, biocenosis, an individual, human 

society, etc. 

According to the principles of the system method of research, any system has periods of "smooth 

development" and a period of bifurcations. For various reasons, always after a period of "smooth 
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development", there is a period of bifurcations, for example, a change in the intrinsic properties of the 

system as a result of the evolution of its links. The higher the level of the system, the higher the 

probability of a deeper period of bifurcations, the limits and consequences of which natural scientists 

must predict. 

So, we highlight the following main natural and scientific patterns of the modern development of the 

biosphere: 

• The energy criterion plays a fundamental role in the evolution of living organisms. Understanding 

energy flows allows the prediction of the biosphere’s developmental directions. 

• Among all of living matter, humanity exhibits the most intensive use of energy. 

• Cycles are the main condition for the existence and evolution of life, as well as the stable state of 

the Earth's biosphere. 

• Open systems of living matter evolve according to certain laws and harmoniously fit into closed 

cycles of elements. 

• Energy and waste criteria are the most important factors by which humanity surpasses the 

biosphere. 

• The modern task of natural science is to predict the development of ecosystems based on the laws 

of the system method. 

With the modern explosive development of global intelligence, which covers the entire biosphere, 

there is a possibility and possibility of developing specific ways to solve the problems of co-evolution 

of man and nature. The issue of forming a new ecological worldview based on a new scale of values 

remains relevant. Its natural and scientific basis should be the considered modern laws of biosphere 

development, which should be laid in the ideological basis of natural sciences. 

Therefore, the outlined patterns of modern development of the biosphere should become a natural-

scientific philosophical basis for the study of natural science courses: physics, chemistry, biology. On 

the basis of these rationalistic patterns, by means of a certain natural discipline, it is important to 

demonstrate in the content of the courses the key concepts that are currently gaining special relevance, 

namely: relationships in the environment; depletion of natural resources; the idea of co-evolution and 

sustainable development of nature and society; the problem of human health, etc. 

From the perspective of further work, it is necessary, firstly, to build an effective didactic system of 

interdisciplinary relations between natural science courses studied by students in different areas of 

study. Without such a system, it is difficult to convince the student that the processes and phenomena 

that are the subject of study of different disciplines are the same in nature, general theories about the 

environment, and common patterns in complex systems of biology, chemistry, and physics. Thirdly, 

to study the general principles of organization in chemical, biological, physical systems (for example, 

structural unity was found in different systems: the planetary structure of the atom, the structure of the 

solar system, spiral DNA molecules, spiral forms of microorganisms, spiral vortices of a cyclone in 

the Earth's atmosphere, spiral arms of the Galaxy, etc.). 
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1.5. STRATEGIC ISSUES OF 

ENVIRONMENTAL EDUCATION 

DEVELOPMENT 

Education is the process and result of the assimilation of systematized knowledge, skills, and abilities 

necessary for human adaptation to the natural and social environment and creative assimilation of 

reality. 

Education is the main means of forming individual and social consciousness, transmitting the values 

of culture, and an indicator of the level of assimilation of reality by a person. 

The goals and nature of education have evolved along with the history of human civilization: 

• education in primitive cultures (Paleolithic and Neolithic epochs) is the basis of survival and has a 

visual, normative character; 

• education in ancient civilizations is the basis of moral self-improvement and has an elitist 

orientation; 

• Education in the era of antiquity is the path to wisdom and has a holistic character; 

• in the Middle Ages, education is close to God, comprehending his essence, and has a scholastic 

direction; 

• education during the Renaissance is the basis for the formation of a harmonious personality and 

has an encyclopedic character; 

• in modern times – acts as the basis of professional activity and has a pragmatic orientation; 

• education in modern times is the basis of scientific and technological progress and has a 

differential character. 

Modern education is the basis for the formation of a knowledge society and the transition to 

sustainable (balanced) development and has an integrated orientation, which is manifested through the 

following forms: organization of research on the border of related scientific disciplines, where the 

most pressing scientific problems have not yet been disclosed; development of scientific methods and 

theories that are important for many sciences and perform general methodological functions in natural 

science; search for general theories and principles to which it would be possible to reduce an infinite 

variety of natural phenomena (systems theory, synergetics); changing the nature of the tasks solved by 

modern science – they are becoming more and more complex, requiring the participation of several 

disciplines at once (environmental problems, the problem of the origin of life, etc.) (Fig. 1.7). 

The starting point of the evolution of environmental education was in the early 70s of the last century, 

the report "Limits to Growth" (Meadows et al., 1972). Since then, there have been five waves of ups 

and downs. 

The first wave (1972) is associated with the awareness of the fact of man-made pollution of the 

environment and the first intuitive reaction – to protect it from the barbaric influence of humans. The 

period is associated with the awareness of the fact of man-made pollution of the environment and the 

first intuitive reaction – to protect it from the barbaric influence of humans. This period saw the 

emergence of the first environmental laws, the establishment of protected areas, and the rise of 

ecological movements advocating for cleaner air, water, and land. Governments and international 

organizations began to recognize the urgent need for environmental policies, leading to the adoption 

of key agreements and the creation of institutions dedicated to environmental protection. 
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Fig. 1.7. Transformation of the concept of educational content over time. 

 

The second wave (1986) entered the international experience called "Environmental Education for 

Sustainable Development", which meant not only nature protection but also, along with it, the wise 

use of technology. The period was marked by the transition from simple protection of nature to the 

concept of sustainable development, which aimed to balance economic growth, social well-being, and 

environmental preservation. During this period, environmental education became more structured, 

integrating ecological knowledge into school curricula and public awareness campaigns. Governments 

and international organizations started developing policies that emphasized long-term sustainability, 

leading to the adoption of key environmental agreements. Educational institutions incorporated 

interdisciplinary approaches, combining science, economics, and ethics to foster a deeper 

understanding of environmental challenges. Public participation in environmental decision-making 

increased, with communities and businesses engaging in sustainable practices. This shift laid the 

foundation for modern environmental education, highlighting the interconnectedness of ecological, 

social, and economic systems. 

The third wave (1997) was called "Education for the Sustainable Future of People" and arose with the 

awareness of the need to introduce new principles of ethics, culture, and justice in the context of 

humane sustainable development. Behind this name, in fact, a new philosophy is hidden, requiring 

different approaches to the entire complex of human living conditions. The name outlines the goal – a 

sustainable future, for which it is necessary to prepare not only specialists but also all citizens. This 

period emphasized the role of education in shaping responsible global citizens who could make 

informed decisions for the benefit of both present and future generations. The approach integrated 
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environmental, economic, and social dimensions, fostering a deeper understanding of the impact of 

human activities on the planet. Digitalization and globalization played a crucial role in spreading 

knowledge and raising awareness, making environmental education more accessible. 

The fourth wave (2005) was called by the UN General Assembly, for short, "Education for 

Sustainable (Balanced) Development". International initiatives, such as UNESCO’s Decade of 

Education for Sustainable Development (2005–2014), further reinforced the importance of lifelong 

learning and interdisciplinary collaboration. As a result, sustainability became a fundamental principle 

in educational policies, influencing curricula, research, and community engagement worldwide. This 

name indicates the subordination of the educational process to the phenomenon of sustainable 

(balanced) development, by which we understand something common in relation to the totality of 

environmental, economic, and social processes. 

The fifth wave (2015) is characterized by the implementation of numerous European programmes on 
green initiatives, such as the European Green Deal, which aims to make Europe the first climate-
neutral continent by 2050. This period is marked by the integration of sustainability principles into all 
sectors, including education, industry, and governance. The adoption of the United Nations 
Sustainable Development Goals (SDGs) in 2015 further reinforced the global commitment to 
environmental education and sustainable practices. Digital transformation and technological 
advancements have played a crucial role in promoting eco-friendly innovations and green economy 
strategies. Governments and businesses have increasingly focused on circular economy models, 
emphasizing waste reduction, resource efficiency, and renewable energy development. Educational 
institutions have expanded sustainability curricula, encouraging students to engage in real-world 
problem-solving and environmental activism. Public awareness campaigns and youth-led climate 
movements, such as Fridays for Future, have also contributed to a growing sense of environmental 
responsibility. As a result, the fifth wave represents a comprehensive shift toward a more systemic 
and participatory approach to sustainability. The period is characterized by the digitalization and 
globalization of environmental education. With the rise of information technologies, online platforms, 
and international cooperation, the focus has shifted toward interdisciplinary approaches, climate 
change awareness, and proactive solutions. Modern environmental education emphasizes not only 
knowledge but also active participation in addressing global environmental challenges.

Nowadays, the thesis that it is education that should provide qualitative changes in mentality is 

beyond doubt. But what do we have in the more than 50-year history of the development of modern 

environmental education? 

In general, educational practice shows that there are three approaches to its implementation. These are 

the introduction of environmental content courses into the curriculum, the greening of academic 

disciplines in accordance with their specifics, and the professional training of environmental students.  

But the opportunities of higher education for the effective development of environmental education 

are far from being fully used. There are a number of contradictions that are characteristic of the 

current stage of evolution of environmental education: 

• between the speed of acuteness and awareness of the ecological situation, the need to solve 

environmental problems, the level of economic development, and the rate of degradation of the 

natural environment; 

• between the fragmentation of environmental education, the existence of numerous environmental 

courses, the greening of education due to partial correction of the education content, and the relevance 

of creating and implementing a single effective methodology of environmental education; 

• between the idea that environmental education is a continuous, purposeful process that should 

cover all age and professional groups of the population, and the general practice of organizing 

environmental education in universities by studying often only one environmental course; 

• between the general recognition of the importance of environmental education and its insufficient 

comprehensive educational and methodological support; 
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In practice, non-professional environmental education has a declarative and fragmentary character. In 

fact, we do not see significant changes in our society, and the ideology has been and remains 

consumerist. 

What is the reason for the "failures"? How can you overcome them? 

From our point of view, we have an insufficient methodological basis for environmental education. 

Often, only "ecological masochism" is practiced when only environmental crises, failures, disasters, 

etc. are discussed. In addition, environmental education is often replaced by environmental education, 

which is accompanied by the study of a system of prohibitions, rules, environmental provisions, etc., 

which is not effective for the formation of a person's ecological worldview.  

Environmental problems have at their root sociological aspects, both causes and methods of solution. 

If at the relevant conferences, forums, and meetings the need and relevance of the implementation of 

the strategic principles of harmonious coexistence with nature are discussed, then in practice, in real 

life, we observe that the social environment, by and large, does not accept such a strategy. 

Environmental issues are often addressed only at the global level. There is no practical, effective 

regional, local, or humanitarian component. 

In addition, there is a tendency to reduce the level of education of citizens. For example, students 

from almost all countries of the former Soviet Union show a noticeable decrease in the level of 

general knowledge compared to their peers who studied 10−25 years ago. At present, the situation is 

quite alarming, since it is natural scientists who are most closely associated with applied scientific 

research. 

From our point of view, the process of lowering the level of knowledge is also influenced by the main 

trends in the modern development of society, among which are: eclecticism of individual worldview 

systems; transition from an atheistic worldview to a religious or archaic-mystical one; rejection of 

humanistic ideals against the background of a spontaneous market economy, long-term political 

manipulations, substitution of moral values, unstable economic and political situation in the world. 

In human society, man has not learned to control himself, and at the same time he is trying to control 

nature. Isn't this a paradox? 

At the present stage of development of environmental education, its main starting points are: 

• rejection of a consumerist lifestyle; development of ecological culture of the individual; 

• orientation of those who receive education to analyze problems in the form of dialogue, based on 

the principles of mutual respect and tolerance. 

The purpose of environmental education is the formation of a holistic worldview, understanding of the 

organic unity of the world, the impossibility of performing an action in one element of the system 

without consequences for other elements, awareness of the value of any culture and personality, 

respect for each natural organism; understanding of the interconnection of any local and global 

environmental problems, and readiness for joint actions to solve the problems. 

Now, when there is a new countdown in the development of society, environmental education cannot 

remain in the sphere of competence of only those who make decisions. Therefore, the contribution of 

environmental education to the formation of environmental imperatives of social behavior of every 

person of the XXI century is important. 

There is no universal model of environmental education. Although there are relevant regulatory 

documents, approaches in each educational institution will differ due to regional characteristics and 

priorities. 

What can now become a methodology for the development of the content of environmental 

education? The practice of modern life requires global approaches to solving local problems and 

joining forces. Therefore, as a philosophical basis for environmental education, we consider the ideas 

of Universal Unity, developed at the beginning of the twentieth century. and the basic principles of 
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the development of modern science – integration and a system-synergistic approach. The natural 

philosophical basis is the scientific and philosophical concept of the biosphere and its transition to the 

noosphere by V. Vernadsky. 

The formation of the content of education for the implementation of these approaches continues, 

because in most curricula, textbooks, and manuals, there is no methodological basis that should be 

laid in the purpose of studying a particular discipline; there is a so-called "ideological vacuum" in the 

teaching of courses. An important problem is the task of modern education, which so far only adapts a 

person to the already existing and does not teach him to build the future. In the light of the ideas of 

balanced development, human society continues to face the task of creating a noosphere, the 

formation of consciousness, which involves the ability to design and predict the consequences of 

interaction with the environment, the ability to make decisions, and the ability to take responsibility in 

situations of professional and moral choice. 

Let us outline some of the main ideas of these philosophical doctrines, which we rely on when 

constructing the content of chemical education and which determine the vector of formation of 

worldview positions of students of the agrarian university. Among them is the central idea of cosmism 

that Man is an integral part of Nature, that they should not be opposed but should be considered in 

unity, and that Man and everything that surrounds him are parts of a single Universe. The 

contradiction between Mind and Nature is inevitable, but the Mind is responsible for finding ways to 

resolve these contradictions. Cosmism substantiated the need for a new moral basis for the interaction 

of Man with Nature, a change in the principles of civilization development. 

Fundamentally important for our study are the ideas of V. Vernadsky, one of the founders of 

anthropocosmism, a system according to which the natural-historical (in a broad sense – cosmic) and 

socio-humanitarian trends in the development of science are harmoniously combined into a single 

whole. The scientist believed that the human impact on the environment is growing at such a pace that 

it will soon turn into the main geological force that shapes the appearance of the planet: the biosphere 

will move into a new state, into the sphere of the mind - the noosphere. The development of the 

environment and human society will go in unison, and a new stage of their joint development will 

begin, which is called coevolution. 

Based on this, we consider it necessary to form students' beliefs that modern civilization is an 

interconnected organism between all elements of this system; local processes affect the global 

situation and local processes in other regions. Until students form this belief, the modern specialist 

will remain a "local" specialist who is not aware of all the interconnections that occur in the 

environment. 

Market relations, which are now relevant and dominant in the development of agricultural production, 

unfortunately, create all the grounds for a specialist who uses land resources to think about profit first 

of all. Therefore, recently a number of factors have been observed in agricultural production, which 

not only negatively affect the development of agricultural production but also lead to unforeseen 

consequences in the environment. 

The doctrine of the noosphere is consonant with the main ideas of such a direction of American 

environmentalism as environmentalism. Ecologists, who built their socio-ecological model on a 

natural-scientific understanding of the interaction of society and nature, put forward three main ideas: 

ecological holism, moral community, and ecological ethics, that also consonant which are the 

philosophical basis of the concept.  

The content of environmental education as one of the components of natural education should be 

based on some basic positions of the noosphere concept of V. Vernadsky. Given this, we rely on the 

idea of the noosphere doctrine that the world is a complex system in which matter is organized 

according to varying degrees of complexity, and the content of natural courses is modernized in such 

a way that it allows students to understand the general scientific trends in the development of the 

biosphere, namely: 
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• the general and main trend in the development of Earth is the emergence of an increasingly 

complex organization of matter. Due to the complication of the substance, the whole system becomes 

more complicated; 

• the more complex substance makes up the smallest part of the mass of all matter, but it is this most 

complex substance that determines the state of the system as a whole and puts it in order. The biomass 

of the Earth is small compared to the mass of the Earth as a cosmic body, but it is the functioning of 

life that determines the course of geological processes, the composition of rocks, and the atmosphere; 

•  the main direction of development of life itself is the complication of organisms, the ability to 

more individual behavior; 

•  the appearance on Earth of a person capable of complex information operations, capable of 

reflecting the world around him in his consciousness and transforming it, is prepared by the entire 

evolution of life; 

•  living matter and man are concentrated in the landscape shell of the Earth. It is in landscapes that 

the transformation of the cosmic energy of the Sun into other types of energy, the transformation of 

matter and the transfer of matter, and energy are carried out, and the main energy and geological 

processes take place; 

• transformation of the biosphere into the noosphere and the biogeosphere into the anthropogeosphere 

is a natural process. A person changes the chemical, mechanical and physical properties of matter, and 

changes the direction and intensity of energy flows – this is done by both the animal and plant worlds, 

but the way of change in a person is completely different; 

•  man builds a whole system of anthropogenic landscapes, in which solar energy is accumulated in 

a convenient way; 

• if there is a degradation of nature, a person has no one to blame but himself; it is necessary to 

understand what is happening. It is very difficult to create a new post-industrial tradition of land use. 

It is necessary to direct efforts towards creating a culture that determines the actions of a person living 

in an ever-changing world. 

The outlined trends do not exist in the abstract; they are general conclusions to which students are led 

during the study of environmental disciplines and determine the final level (level of methodological 

synthesis) of the integration of the content of chemistry teaching. It should be noted that fundamental 

chemical knowledge makes a certain contribution to the understanding of these patterns. In addition, 

these trends determine the theoretical (conceptual) form of integrated training in chemical disciplines 

and direct the content of teaching chemical disciplines in the direction of its humanization. 

The concept of integrated learning is based on some features of the development of modern scientific 

knowledge, which are as follows:  

• differentiation of sciences is combined with integrative processes, synthesis of scientific 

knowledge, complexity, and transfer of research methods from one field to another;  

• a comprehensive consideration of a scientific problem is possible only on the basis of the 

integration of the conclusions of individual sciences and the results of research by specialists in 

different fields of knowledge; 

• the study of objects and phenomena is carried out systematically and comprehensively; 

• holistic study of objects contributes to the formation of synthetic thinking, etc. 

The methodological basis of the concept of integrated learning is system-synergistic analysis, thanks 

to which the modern scientific picture of the world is reproduced, where knowledge of the sciences of 

nature and man is combined. In system analysis, we highlight such an important element of 

educational activity as a logically grounded study of the problem and the use of appropriate methods 

of its solution, which can be developed within the framework of various sciences. 
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The psychological and pedagogical basis of the concept is based on the ideas of the noosphere 

doctrine and the philosophical provisions of the Universal Unity, as well as on the main trends in the 

development of modern science, which are based on integration and system analysis. It is the 

understanding of a person's place in the world that determines the vector of pedagogical activity, 

when a person, for a teacher, is a "microcosm in the macrocosm", which reflects in the mind the 

versatility of the surrounding world. 

Thus, the above philosophical provisions, ideas of system analysis, and features of the modern 

development of scientific knowledge are the leading ideological and methodological foundations of 

the concept of integrated teaching of natural disciplines. 

The modern development of scientific knowledge and social changes cause changes in the goals and 

objectives of education. Currently, teachers are talking about creating a new educational paradigm. In 

this context, the main goal of modern higher education, prognostic, which consists in training 

specialists capable of projecting the determination of the future, is the formation of a creative 

personality who holistically perceives the world around him and is able to actively influence the 

processes taking place in the social and professional spheres. 

Integrated learning is designed to overcome the existing practice of teaching disciplines in higher 

education, the differentiation of the content of education, and its separation from the practical, 

professional activity of a specialist when the world around is presented torn into many unconnected 

parts. Today, having successfully completed the course of study in higher school, a specialist knows 

how to single out "own" objects of activity and sees their structure. But the attitude of such a 

specialist to the objects of professional activity of the environment unfolds on a purely practical plane. 

Therefore, there is a contradiction between the content of education and professional activity and life 

practice. Based on this, in the structure of chemical courses at the agricultural university, we provide 

for the consideration of concepts regarding the conditions of sustainable development of man and 

nature. 

Since the integrated approach is the methodological basis for scientific research and development of 

new technical solutions, it provides for the wide involvement of interdisciplinary connections both 

horizontally and vertically. We consider it as a toolkit, that is, a method for rational mastery of 

knowledge, awareness of its nature, and ways of memorizing and systematizing it. It helps to 

comprehend new knowledge and, thus, gives an impetus to the formation of creative thinking and 

reintegration of information at a new qualitative level with an understanding of system connections. 

We are convinced that only a deep awareness of knowledge determines the qualitative changes of the 

future specialist. According to knowledge and awareness, integrated chemistry training involves such 

mechanisms of their formation as analysis and synthesis. 

Thus, thanks to such a logical method of thinking as analysis, the subject of thinking, firstly, divides 

the object of study into parts; secondly, makes an effort to understand the behavior of each part of the 

system separately; and thirdly, the parts of the object are structured in an attempt to gain awareness of 

the whole. The result of the analysis is knowledge. 

Due to such a logical method of thinking as synthesis, the subject of thinking, firstly, considers the 

object of study as part of the system; secondly, it explains the behavior of the system itself; and third, 

the understanding of the whole extrapolates to explain the behavior of the parts. Each part is explained 

by defining its function in the system. The result of synthesis is awareness and understanding. 

So, we note that integrated learning gives the restoration of holistic ideas about the world, the picture 

of the world as a single process. Integration of knowledge on the basis of interdisciplinary 

connections covers linear connections horizontally and points vertically, captures the sequence of 

these connections, and creates at a new, higher level a holistic vision of any problems, situations, or 

phenomena in all the fullness of versatility and multifacetedness. 

One of the essential results of integration should be the formation of this type of consciousness, which 

covers several aspects, namely: 
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• scientific consciousness, which is determined by the readiness to determine the boundaries of one's 

competence, and the ability to obtain knowledge and correctly use it in professional activities and life 

practice; 

• global consciousness, which means an understanding of the organic unity of the world and the 

impossibility of performing an action in one element of the system without consequences for other 

elements, a careful attitude to the animal and plant world, and to inanimate nature; 

• humanistic consciousness, which means understanding the value of each natural organism. 

At present, the development of pedagogical technologies for the introduction of an integrated 

approach at such a qualitative level is taking place, where it is not so much a specific awareness of 

knowledge that is important, but the formation of a new level of thinking in students − a global one. 

Based on the above, we consider it appropriate to outline some characteristic moments of integrated 

learning: 

• the integrated approach to learning is designed to create conditions for the formation of this type 

of consciousness, which covers several aspects, namely, scientific consciousness, global 

consciousness, and humanistic consciousness; 

• the integrated approach to learning is designed to form a chemical picture of the world in 

students within the existing natural science paradigms, students' awareness of the need to combine the 

humanitarian and natural science components of culture, which will ultimately contribute to the 

improvement of professional culture and the ability to solve professional problems at a new 

qualitative level; 

• during training on the basis of an integrated approach, students acquire skills of systematic 

thinking, an integrated type of cognition that is formed in the educational process of higher education, 

combining direct experience and a non-trivial approach to solving a problem. 

Integrated learning will contribute to the formation of students' concepts of fundamental (global) laws 

of nature; awareness of the unity of nature and the development of the world; formation of a holistic 

scientific worldview; and skills and abilities to use chemical knowledge in solving professional 

problems. 

Integrated learning involves the development of variable and invariant modules of its content. We go 
beyond the classical construction of the content of environmental courses and offer modernized 
programmes of disciplines that are focused on global problems of our time, highlighting the social, 
environmental, and professional imperative in the content of students' education.

Insisting on the need to establish a professional culture of a specialist adequate to the current situation, 

when a person realizes himself as a part of the biosphere and understands his connection with the 

environment, we are convinced that synergistic ideas about the co-evolution of man, nature, and the 

technosphere should be fully disclosed in the content of environmental disciplines. 

We do not set the task of clarifying the fundamental concepts of environmental courses. However, we 

consider it necessary to define those main key categories that should be included in the content of 

environmental education and become a superstructure of the basic fundamental concepts of ecology, 

such as ecosystem, population, pollutant, environment, etc. 

These key categories are: 

1. Quality of life. This concept is a sociological category. It means a set of conditions that provide a 

complex of human health - personal and social (Reimers, 1980). In the context of environmental 

education, this concept refers to such an area of material human needs as, for example, the quality of 

food related to the problem of heavy metals, dioxins, and many others in the context of just such a 

concept as quality of life. 

2. Environmental safety. This concept means a set of any actions, states, and processes that are 

directly or indirectly carried out by a person and prevent harmful effects on the environment (Dediu, 
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1990, p. 29). In addition, this concept means a complex of states, phenomena and actions that ensure 

ecological balance on Earth and in any of its regions. Environmental safety can be considered within 

global, regional, and local boundaries. In fact, the concept of environmental safety characterizes 

geosystems (ecosystems) of various hierarchical ranks. In the context of environmental education, it 

not only characterizes ecosystems but is also limited by the time frame and scope of actions: a short-

term action can be relatively harmless, and a long-term action can be harmful (for example, the action 

of pesticides); a change in the local framework is almost insignificant, and a large-scale one is fatal 

(for example, the problem of acid rain, ozone shield, etc.). 

3. Relationships in the environment. This concept is also the leading one in the study of 

environmental disciplines. After all, the world around us is large and diverse; it is filled with colors, 

sounds, and tastes. When studying complex phenomena and objects of the environment, the 

researcher can always distinguish some levels of organization of the latter. Starting with the study of 

atoms and molecules (atomic-molecular level), the researcher moves on to the study of cells or 

crystals (supramolecular level) and then tissues, aggregates, etc.; that is, he rises to more and more 

complex levels of the organization of matter. 

4. Forecasting the future development of man and nature. This concept has also entered the content of 

environmental education. Taking into account the urgent need to consider all aspects of human 

activity from the standpoint of environmental problems, students are tasked with predicting the 

development of modern problems of man and nature. For example, this is the transfer of agricultural 

production to technology without the use of pesticides, since large amounts of them enter the human 

body with food. Clear restrictions should also be created on the use of mineral fertilizers in order to 

save a person from systematic poisoning with nitrates and other compounds. Organic waste from the 

agricultural and livestock sectors, which pollutes fields and rivers, is also an important problem. Here 

we consider it appropriate to show such issues as forecasting the development of the economy in the 

content of environmental courses. 

5.  The idea of co-evolution and sustainable development of nature and man. The concept of 

"coevolution" means parallel, joint evolution for the "society – nature" system, the elements of which 

are connected by close ties. It is assumed that nature and society develop in parallel, interacting with 

each other. The discrepancy between the speeds of the natural evolutionary process, which continues 

very slowly, and the socio-economic development of human society, which is carried out much faster, 

leads to their uncontrolled interaction and to the degradation of nature, since the anthropogenic factor 

turns out to be extremely strong in the direction of evolution. The way out lies in the regulatory, 

consciously limited effect of the technosphere on nature, in the construction of the noosphere. At the 

same time, society, developing according to its own laws, must limit its extensive growth, taking into 

account the provision of the conditionally natural course of the evolution of nature. 

In this regard, we consider it important to show directions for solving the problem of maintaining 

balance in the environment through the content of environmental disciplines. This is not the creation 

of new, but the support and stimulation of existing natural processes aimed at stabilizing ecosystems. 

6. Depletion of natural resources. This concept means a process that "arises as a result of a 

discrepancy between the available reserves of natural resources or the norms of their extraction from 

natural systems and the needs of society, undermining the productivity and regenerative capacity of 

nature in the process of increasing the rates and volumes of extraction or exploitation of natural 

resources over the rates and volumes of their natural restoration. The depletion of natural resources is 

one of the main negative characteristics of modern nature management in the conditions of the 

scientific and technological revolution". In other words, "the depletion of natural resources is a 

discrepancy between their available reserves and safe extraction rates and the needs of mankind" 

(Moroz and Kosenko 2003, p. 307). 

Discussing the problem of depletion of natural resources during the study of environmental 
disciplines, we consider it appropriate to discuss such an issue as depletion and pollution of water and 
soil, which is relevant for students of these specialties. For example, as you know, the widespread use 
of pesticides and mineral and organic fertilizers is one of the characteristic factors of intensification of 
agricultural production in world practice. Excessive use of pesticides and fertilizers leads to the fact 
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that they are part of the cycle of substances in nature and become an integral part of the environment – 
soil, water, and air, which causes significant changes in natural and artificial ecosystems. The 
substances used, accumulating in excess in the soil, gradually change it, deteriorating its structure, 
physicochemical properties, and destroying microorganisms. An increase in the concentration of 
fertilizers and pesticides in the soil not only leads to its degradation but also significantly affects the 
quality of grown products. According to official statistics, 40% of soils in Ukraine are considered to 
be already disabled as a result of degradation processes (Moroz and Kosenko 2001, 128). 

7. The problem of human health. In the content of environmental courses, the coverage of this 
category is directly related to the concept of quality of life. Given the fact that the role of 
environmental knowledge in food production is increasing every year, this concept is demonstrated 
through the problem of growing environmentally friendly products. 

For example, linking the content of natural science courses with the further study of disciplines of 
professional and practical training, we consider it possible to mean that in areas where soils are 
contaminated with radionuclides, heavy metals, and pesticides, complications have arisen also 
because, penetrating to the depth of root saturation, the latter are more actively absorbed and 
accumulated in plants. In this regard, the already serious problems of growing pure crop production in 
the ecological sense have become more complicated. During the study of natural sciences, we 
consider it appropriate only to mention the need to develop certain farming systems that would 
contribute to reducing the migration of radionuclides and other pollutants and reducing their 
concentration in crop production, as well as the need to allocate areas for growing environmentally 
friendly products. 

In addition, we stipulate that in order to obtain clean products without toxic residues – substances 
harmful to human and animal health, it is necessary to optimize the plant nutrition regime with the use 
of balanced fertilizers (manure, vermicompost, green manure) and significant restriction of mineral 
fertilizers and the use of biological, mechanical, and physical methods of plant protection. 

In the context of demonstrating the category of "human health" when studying the properties of 
chemical elements, we point out the toxicological characteristics of elements and their compounds 
and the role for a living organism. Special emphasis is placed on the chemistry of biogenic elements. 
During the study of thermodynamics, the limits of the use of its methods on a living organism are 
determined, and the principles of bioenergetics are considered. The principles on the basis of which it 
is possible to predict the chemical properties of substances based on the structure of atoms and 
molecules are determined. Methods of quantitative description and forecasting of the course of 
chemical transformations in various conditions, including physiological ones, are considered. 

Thus, integrated learning assumes that the cross-cutting content line is the demonstration of all the 
above key categories in the content. These categories are the centers of knowledge integration at the 
interdisciplinary level and the level of methodological synthesis. The identified key concepts 
determine not only the specifics of training students in environmental profile in the light of the 
problems of our time but are also one of the effective conditions for integrating the content of 
education. 

At the same time, the specificity of integrated education in terms of the content characteristics of 
students' knowledge and skills is to demonstrate and form the latter on the examples of environmental 
objects (water, air, soil, plant, animal, person) and processes that occur, first of all, in living organisms 
in terms of professional significance and focus on the disclosure of modern environmental problems. 

The conditions for the implementation of the concept of an integrated approach in order to form 
systematic knowledge are to comply with the basic principles and criteria for the selection of 
educational material, which are defined below. 

When developing the content of integrated learning, we highlight and activate interdisciplinary 
connections of these types. 

•  Educational and interdisciplinary connections that arise when the mastering of one discipline is 
based on the knowledge of another, previous discipline. Such connections are typical for disciplines 
that cover one block of knowledge. In our case, blocks of natural disciplines, in particular chemical 
and biological professional disciplines. First of all, during the implementation of this group of 
connections, basic knowledge, common concepts of each discipline, i.e. the structure of system 
connections, are determined. 
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Thus, chemistry and biology – courses studied by environmental students – have many common 
concepts in their content, for example, such as carbohydrates, amino acids, proteins, nucleic acids, 
lipids, etc. If chemistry provides an idea of the structure, classification, properties of these substances, 
then the pathways, mechanisms of transformation and functions of the latter in a living organism fall 
into the field of biology study. 

• Research-interdisciplinary links that arise between disciplines that have common problems or a 
common object of study, but consider them from different angles or based on different approaches. 
Here the task arises to determine the range of common problems and to carry out a comprehensive 
study of it. The field of common problems is the identified key categorical concepts. 

For example, the study of problems related to the use of pesticides by students is carried out through 
the forms of writing projects, where there is a involvement of knowledge in chemistry, biology, and 
research work. 

• Methodological connections arise when various methods and forms of scientific knowledge form 
intellectual skills necessary for a specialist in his professional activity. For our study, these can be 
logical methods of analysis and synthesis, observation, modeling, forecasting, etc. 

The most important conditions for the practical implementation of the concept of integrated learning 
are: 1) holistic implementation of the developed methodological approaches; 2) implementation in the 
practice of training of the functions of integrated learning, which were mentioned above; 3) 
modernization of the content of students' education through the implementation of patterns and 
mechanisms of integrated learning, which will be presented during the coverage of the methodology 
of studying environmental courses; 4) development and implementation of modern curricula and 
manuals; 5) intensification of the learning process through the use of its various methods and forms; 
6) disclosure and implementation of the content of the most important areas of the integrated 
approach: fundamentalization, intra- and interdisciplinary integration through professionalization of 
the content of education, humanitarianization (disclosure of worldview and humanitarian issues in the 
education content). 

The invariant basis and variable module of the content of teaching environmental students cover the 
most important knowledge systems adequate to modern science, and reflect environmental objects 
(soil, air, water, plant, animal, person). Moreover, there is no clear distinction between the invariant 
basis and the variable module, but it should be noted that the first covers purely classical natural 
knowledge of basic concepts, laws, regularities of the structure of matter, the second is a 
superstructure of the first and provides for the consideration of the basics of ecological knowledge in 
the directions of their humanization and profile on the examples of environmental objects. The 
coordinated assimilation of invariant and variable modules creates the foundation for the formation of 
a holistic scientific worldview. 

The transformation of the invariant core and variable module of the learning content into formed 
systems of basic and professionally significant environmental knowledge, integrated skills and 
positive value attitudes is ensured through the implementation of patterns and various directions of 
integrated processes, a methodological system, as well as a comprehensive methodology for 
evaluating the results of integrated learning. 

The effectiveness of integrated education is checked with the help of appropriate indicators of the 
quality of students' knowledge, which determine the completeness, consistency and generalization, 
professional orientation of knowledge, integration of skills, etc. 

 

So, in accordance with the above, we distinguish the following basic categories of environmental 
education: 

• value of life; value of each person's life; 

• quality of life; 

• environmental safety; 

• environmental quality; 

• relationships in the environment; 

• forecasting the future development of man, nature and society.  
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Due to the specifics of the content of each academic discipline at all levels of education, these 
categories should find their justification and interpretation.  

In order to understand the systemic organization of the environment, the content of education should 
be guided by certain rational natural foundations. What are they? This question is answered by such 
sciences as biology, chemistry, physics, that is, the main spectrum of natural sciences. The essence of 
the problem lies in the fact that we must know the patterns of development of the biosphere, know the 
limits of ecosystem stability in order to competently determine the level of anthropogenic load, 
without causing an environmental crisis on a local, regional and global scale. Knowledge of the 
patterns of development of the biosphere is the basis of the rational natural worldview of modern man. 
Tracing the history of scientific natural science, it can be noted that for several centuries, starting from 
the seventeenth century, the leading trend was the differentiation of sciences.  systemic organization 
of the environment, etc. At present, these aspects of the development of scientific knowledge are the 
basis for the development of appropriate teaching methods in the direction of content greening. 

Greening of education should be based on the principles of an integrated approach, and for its 
implementation it is necessary:  

firstly, to construct an effective didactic system of interdisciplinary relations to form students' beliefs 
that the processes and phenomena that are the subject of study of different disciplines are the same in 
essence;  

secondly, to form students' knowledge of universal laws, general theories about the environment, 
common patterns in complex systems of natural science; 

thirdly, to study the common principles of organization in chemical, biological, physical systems (for 
example, structural unity has been found in different systems: spiral DNA molecules, spiral shapes of 
microorganisms, spiral vortices of a cyclone in the Earth's atmosphere, spiral arms of the Galaxy, 
etc.).  

The current stage of development of the content of environmental education is characterized by a new 
status through the following leading directions, characteristics: 

• adaptation of the ideas of education for sustainable (balanced) development to the mentality, 
lifestyle; search for analogues in national culture; 

• educational research should be carried out not in the direction of greening at the expense of 
additional educational material, when there is no single semantic field, but at the expense of 
conceptual ecologization (ideological, categorical integration); 

• conceptual greening is provided not by increasing the volume of educational material, violating its 
traditional logic and structure, but by giving the already existing educational material a new meaning, 
a vector of direction; The basic environmental categories should become the centers of integration, the 
backbone of the system.  

The formation of environmental consciousness and worldview is a complex and lengthy process. This 
is an educational and social problem, in the solution of which educational institutions of various 
levels, cultural and educational centers, political and governmental organizations should participate. 
The methodology of environmental education should become the ideological basis, philosophy, 
morality of all branches of human activity. Environmental education should stop developing only on 
the principle of agitation, declaration, political games, and should become the main imperative of 
activity in all spheres of life and production. 
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DIGITALIZATION PARADIGMS IN 

EDUCATION INNOVATIONS  

AS A RESPONSE TO MODERN 

CHALLENGES 
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2.1. INFORMATION TECHNOLOGY IN 

PRACTICE IN HIGH SCHOOL 

EDUCATION: PROS AND CONS 

One of the features of the modern learning process is informatization, which involves the use of 

information technologies as a means of managing cognitive activity, as well as supplementing the 

content of education by providing the necessary textual and visual information. Currently, this trend 

determines the direction of development not only of the education system but also of society as a 

whole. Computer information and related technologies are becoming an integral part of human 

activity. Many teachers associate qualitative positive changes in the education system with its 

computerization; they consider the computer a powerful means of activating the cognitive process. 

However, we note that the informatization of education has both advantages and disadvantages, which 

we set out to clarify and generalize. 

It should be noted that the main, historically developed practice of teaching in domestic higher 

education is based on theoretical approaches of the explanatory-illustrative method. This method 

involves such main stages of teaching as explanation, consolidation, and control of knowledge. 

Many scientists and teachers associate qualitative positive changes in the education system with its 

informatization, who consider the computer to be a powerful means of activating the cognitive 

process. However, we believe that the use of modern information technologies has both advantages 

and disadvantages, which we set out to clarify and generalize. 

Informatization of the educational process as a whole does not radically change the latter but is 

implemented as an individualized process of the student's work with educational information 

presented on the monitor screen. It becomes obvious that in this way it is not possible to implement 

such forms of creative learning as, for example, a problem lecture, a workshop-discussion, research 

work of students, etc. 

Individualization is considered one of the significant advantages of the informatization of learning. 

Indeed, a student alone with a computer monitor has the opportunity to master the content of a certain 

topic, study additional information in the form of videos, animation fragments, etc., and consolidate 

educational material in accordance with his own individual capabilities. For example, to use different 

times for this and, finally, to carry out knowledge control mainly in the form of tests. 

The computer, entering into a partnership with the student, allows the latter to set the most favorable 

pace of educational activity for himself and frees the teacher from the need to constantly monitor and 

activate this process. 

The computer locks in most of the control functions and operational reactions to student errors, which 

are immediately recorded and become largely a private matter of students. 

But individualization has another aspect. “Live” communication with the teacher and other students in 

the form of a dialogue is completely lost, which is already limited during classroom lessons. “Live” 

communication is replaced by a virtual dialogue with the computer. Under the above conditions, one 

of the main means of forming and formulating thoughts oral speech is completely excluded from the 

learning process. 

After all, each discipline has its own logic and scientific language, which involves operating with 

concepts and categories characteristic of a given science. It is obvious that the student lacks sufficient 

practice of oral communication in the form of dialogues in the language of the academic discipline. 
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Since it is the “live” group dialogic communication that involves the interaction of the subject - 

subject (teacher − student or student − student) during the search for the correct answer, it becomes 

obvious a priori that individualization in the process of computerization of education cannot fully 

form independent scientific systematic thinking of students. Therefore, to achieve the goal of 

education the formation of a certain system of knowledge, skills, abilities, and worldview −  

individualization of education must be harmoniously combined with group classroom classes that 

have historically developed in the system of higher education (lectures, laboratory, and practical 

classes). In other words, if the goal of education is the formation of a harmoniously developed 

personality and a high level of professional competencies of the future specialist, then it is impossible 

to completely blindly focus only on the use of computer educational technologies. The loss of social 

contacts and active creative dialogic communication is a threat to the formation of a high level of 

professional competencies of students in the form of independent formulation of one's own opinion, 

scientific thinking, and limited oral communication. 

At the same time, informatization 

- makes it possible to create models that are the subject of study of various sciences; 

- allows you to create imitations of intellectual games; 

- significantly enriches and improves the learning process by demonstrating various video and 

animation materials. 

Thus, one of the main didactic principles clarity takes on new forms, significantly enhancing interest 

in acquiring new knowledge and making the learning process more engaging and accessible. Almost 

all types of visual aids: models of objects of study, dummies, paintings, drawings, photographs, 

graphs, schemes, diagrams, educational films, etc. can be demonstrated using a computer. 

In addition, informatization 

- enables a wide operational information search via the Internet and allows you to carry out the 

learning process remotely (for example, using Moodle, MAIS, etc.). 

Thus, from this point of view, informatization acquires the function of a source of new knowledge and 

a means of developing practical skills and skills for searching for the necessary scientific information, 

and also performs a control and evaluation function. In this sense, the use of a computer is the most 

promising and effective. It can be used at all stages of the educational process: during the presentation 

and understanding of new material, in the process of consolidating it, during the organization of 

exercises for using knowledge in practice, as well as in the process of checking and evaluating the 

acquired knowledge. 

Currently, in the domestic higher education system, the practice of informatization of education is 
mainly ongoing when the content of lectures, practical and laboratory classes, various types of tasks, 
and tests are put into electronic format. Such work is advisable if the educational material was 
understood by the student primarily during classroom lessons. Only under such conditions will new 
educational material be effectively perceived and consolidated using an electronic resource. If the 
situation is the opposite, we are convinced that the student will only lose interest in mastering new 
knowledge. In such cases, the authors of educational programmes make attempts to activate the attention 
and motivation of students due to the enormous capabilities of the computer, namely the presentation 
of additional information, increasing its volume, and speed of transmission. However, the educational 
situation arises again: an increase in the information load on the student is possible if the latter 
realizes its logical meaning and connection with the main programme material.

In the practice of teaching, there are frequent cases when the use of a computer is reduced to "turning 
pages", which in turn cannot stimulate students to intellectual activity and reduces the efficiency of 
memory and thinking. In addition, there is a fact when the computer gives an entertaining character to 
learning to the detriment of systematic and consistent assimilation of knowledge. In order to 
determine the interest of students in the use of computer technologies during the educational process, 
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as well as learning in the online system, a survey was conducted among students in the format of 

questionnaires. 

Questionnaire No. 1 

1. How will you better learn a new topic? 

A. Only during a classroom lesson, which is limited in time. 

B. In the process of independent study of the educational material, not limited in time, using 

educational literature for this. 

C. During independent study of the educational material, not limited in time, using electronic 
resources in the format of educational programmes, etc.

D. In the process of classroom lessons with subsequent independent consolidation of the material, 

using educational literature and electronic resources. 

2. During your education, it would be advisable and useful for you from the point of view of the 

effectiveness of acquiring new knowledge, skills and abilities, mastering a profession: 

A. Completely abandon classroom lessons and switch to a distance learning system in the online 

system, which provides for a flexible schedule, virtual communication with a teacher and fellow 

students, and mainly test control of knowledge; 

B. Only classroom learning, which involves a clear learning schedule, the use of a traditional 

explanation and assessment system, mainly oral questioning, and “live” communication with the 

teacher and fellow students; 

C. Optimal combination of classroom lectures and laboratory classes with distance learning, i.e., the 

first two forms, A and B. 

The following results of the questionnaire were obtained: 

according to the first question, 

16% of students chose option A; 

option B – 9%; 

option C – 5%; 

70% of respondents chose option D. 

According to the second question: 

only 6% of respondents consider it advisable to completely abandon classroom classes and switch to a 

distance learning system in the online system (option A); 

48% of students want to study using the traditional system of the explanatory and illustrative method 

(option B); 

46% of respondents consider the optimal combination of classroom lectures and laboratory classes 

with distance learning to be advisable and useful. 

Questionnaire No. 2 

1. When preparing for classes, you mainly use 

A. Lecture notes. 

B. Textbook or other educational materials. 

C. Electronic resource. 

2. You perceive the assimilation of new educational material better. 

A. In the process of direct dialogue with the teacher. 
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B. In the process of monologue explanation by the teacher. 

C. In the process of distance learning of the content of the study. 

3. The optimal percentage of study time for familiarization and assimilation of new educational 

material using computer technologies 

A. up to 30%. 

B. from 30 to 60%. 

C. over 60%. 

4. What format of computer learning technologies do you prefer? 

A. Electronic lecture notes. 

B. Video materials. 

C. Training exercises and tests. 

D. Other forms. 

5. You perceive and remember a new concept more easily and quickly. 

A. During a problem-based presentation of educational material. 

B. During an explanatory and illustrative presentation of educational material. 

C. During independent study of educational material. 

The results of the survey are presented in the diagram in Fig. 2.1. 

Thus, the results of the survey confirm the thesis that the complete informatization of the educational 

process, the “washing out” of classroom lessons from the practice of teaching, does not have absolute 

full support from students. The majority of respondents (70%) believe that the process of acquiring 

new knowledge will be more effective in the process of combining classroom lessons with subsequent 

independent consolidation of educational material and the use of modern electronic resources, etc. In 

general, this is a confirmed pedagogical thesis that does not require evidence and is a priori truth. But, 

unfortunately, now in the higher education system we can observe another trend: a gradual reduction 

in the number of classroom lessons and the transfer of this time to independent work of students with 

the introduction and use of distance learning methods, which involve the use of various information 

technologies. Indeed, independent work is an important form of students' educational activity, but 

provided that they have proper basic training, which has been noticeably decreasing recently. 

Therefore, when designing the content of educational activities, it is important to determine the 

optimal combination of classroom activities with student activities that involve the use of a computer. 

This will avoid the biggest drawback of computerization − individualization. The volume of 

educational material that should be allocated to the mode of assimilation using information 

technologies can reach 30%. 

At the same time, we consider it advisable to use an interesting, experimentally proven experience of 

distributing educational time for mastering a new topic according to the laws presented in the 

publications Bulgakova, 2005, and Bulgakova & Rakhmanov, 2011.  The author proposes to use for 

the educational and cognitive process the mathematical laws of natural systems that are subject to the 

Fibonacci modulus (0.618/1.618) and the Wurf 1.309. For example, if, according to the curriculum, 

the number of hours for studying a discipline is 108, based on the Fibonacci modulus of 0.618 and the 

formula b/a=a/s, the number of classroom hours should be 67 (62%), and the number of hours of 

independent work (including distance learning of the course) should not exceed 41 (38%). 
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Fig. 2.1. Diagram of student survey results. 

 

Thus, the use of information technologies is a unique modern trend, a significant basis in the 

implementation of the most important didactic principle of clarity. In this sense, the computer is a 

strong and effective means of learning, but the complete replacement of the teacher's personality and 

classroom lessons with virtual mastering of the subject of study using a computer and various 

information technologies cannot give high results in the quality of knowledge in the process of 

forming a high level of professional competencies of a future specialist. We must not forget that the 

personality of the teacher is a "ray of sunshine" for a young soul, which cannot be replaced by 

anything. The influence of the teacher's personality is the force that cannot be replaced by either a 

textbook or moral maxim. 
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2.2. THE CURRENT STATE OF HIGHER 

EDUCATION IN THE CONTEXT OF 

DIGITALIZATION, IMPLEMENTATION OF 

SUSTAINABLE DEVELOPMENT 

PRINCIPLES 

A questionnaire was proposed for the study, the purpose of which was exploring the opinions of 

educational process participants on the current state of higher education in the context of 

digitalization, implementation of sustainable development principles, graduates’ knowledge level, and 

labor market needs. The survey seeks to gather insights on key aspects such as digitalization, the 

integration of sustainable development principles, the preparedness of graduates for the labor market, 

and the overall quality of higher education. This section focuses on the demographic profile of the 

survey respondents, specifically their status within the higher education system. 

The Fig. 2.2 shows the distribution of respondents based on their status within the higher education 

system. The Lecturer group represents the largest portion of respondents, accounting for 65.4%. This 

indicates that the survey has a strong representation from academic staff. Students make up the second 

largest group, representing 24% of the respondents. The category “University Administration” 

accounts for a smaller portion of the respondents, at 5.8%. The representation of employers is also 

relatively small, at 2.9%. The “Other” category represents the smallest group, at 1.9%, suggesting a 

few respondents identified with a status not explicitly listed. 

 

Fig. 2.2. The respondents’ status. 

The results suggest that the majority of respondents to this survey are lecturers, followed by students. 

The perspectives of university administration and employers are also represented, although to a lesser 

extent. The "Other" category indicates the presence of some participants who do not fit neatly into the 

provided categories, and their specific roles could provide further context if the "please specify" data 

were available. This distribution of respondents is important to consider when analyzing the responses 
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to subsequent questions, as the opinions and experiences may vary significantly between these 

different groups within the higher education system. 

Understanding the tenure of academic staff is crucial for contextualizing their perspectives on the 

current state and future development of higher education. The data presented in Fig. 2.3 reflects the 

distribution of years of experience among lecturers. 

The analysis of the responses indicates a varied range of experience levels within the lecturer cohort. 

A small part, 6.5%, of the lecturers have been working in higher education for less than 3 years, 

representing early-career academics. 22.1% of the lecturers have accumulated 3 to 10 years of 

experience in the field, forming a significant group of mid-career professionals. The largest proportion 

of respondents, 42.9%, have between 11 and 20 years of experience, indicating a strong presence of 

seasoned academics. A substantial 28.6% of the lecturers have dedicated more than 20 years to higher 

education, representing a highly experienced segment of the academic community. 

 

Fig. 2.3. Distribution of lecturer experience in higher education. 

The distribution of experience among the lecturer respondents highlights a blend of early-, mid-, and 

late-career professionals. The largest group falls within the 11−20 years of experience range, 

suggesting a strong core of experienced academics within the surveyed population. The notable 

proportion of lecturers with over 20 years of service brings a wealth of institutional knowledge, while 

the presence of those with less than 10 years indicates a continuous influx of newer perspectives. This 

diversity in experience levels will be an important factor to consider when analyzing the lecturers' 

responses to subsequent questions regarding digitalization, sustainable development, graduate 

preparedness, and labor market needs. Their varied tenures likely influence their perceptions and 

insights into these critical aspects of higher education. 

The Fig. 2.4 examines the perceptions of lecturer respondents regarding the evolution of students' 

general knowledge levels over recent years. Understanding the academic preparedness of incoming 

students is a critical aspect of the higher education landscape. Figure 3 presents the distribution of 

lecturers' opinions on this matter. 

The analysis of the lecturers' responses reveals a predominantly negative trend in their perception of 

students' general knowledge. A significant majority, 76.3%, of the lecturers believe that the general 

knowledge level of students has declined over the past years. Only a small fraction, 9.2%, perceive 

that the general knowledge level has improved. Another small segment, 7.9%, believes that the 

general knowledge level has stayed the same. A minority, 6.6%, found it hard to say whether there has 

been a change. 

The overwhelming sentiment among the surveyed lecturers is that the general knowledge level of 

students entering higher education has decreased in recent years. This perception could have 

significant implications for curriculum design, teaching methodologies, and the overall academic 
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expectations within universities. While a small percentage of lecturers believe there has been an 

improvement or no change, the dominant view suggests a potential challenge in the foundational 

knowledge that students bring to their higher education studies. The "Hard to say" responses might 

reflect uncertainty or a perceived complexity in assessing general knowledge levels. 

 

Fig. 2.4. Lecturers' perception of changes in students' general knowledge level. 

 

This finding warrants further investigation into the potential reasons behind this perceived decline, as 

well as the impact it has on the teaching and learning process within higher education institutions. 

Subsequent analysis could explore whether factors like changes in secondary education, increased 

access to information (and potential information overload), or evolving societal priorities contribute to 

this perception. 

The diagram in Fig. 2.5 analyzes the responses regarding their assessment of the level of digitalization 

within their respective universities. The integration of digital technologies is a crucial aspect of 

modern higher education, influencing teaching, learning, research, and administration. 

 

Fig. 2.5 Assessment of the level of digitalization in universities. 

The responses indicate a mixed perception of the level of digitalization across the participating 

universities. The largest group of respondents, 63.5%, assessed the level of digitalization as Medium. 

This suggests that while digital tools and technologies are present, there might be room for further 

development and integration. A significant proportion, 26.9%, perceived the level of digitalization as 

High, indicating a strong adoption and utilization of digital resources within their institutions. A 



“Education Innovations in Training Students-Ecologists as a Response to Modern Challenges:    

Green and Digitalization Paradigms” 

55 

 

smaller percentage, 6.7%, rated the level of digitalization as Low, suggesting limited integration of 

digital technologies in their university environment. A very small fraction, 2.9%, found it Hard to say 

in their assessment. 

The results indicate that the majority of respondents perceive the level of digitalization in their 

universities to be at a medium level. This suggests that while progress has been made in incorporating 

digital tools and technologies, there is likely still potential for further advancement and more 

comprehensive integration. The substantial portion of respondents who rated digitalization as high 

indicates that some universities are successfully leveraging digital resources. Conversely, the presence 

of respondents who perceive digitalization as low highlights areas where significant development is 

needed. The small "Hard to say" category might reflect a lack of clear understanding or inconsistent 

implementation of digitalization efforts within some institutions. 

These findings underscore the varying stages of digital transformation across different universities 

within the surveyed population. Further analysis could explore the specific aspects of digitalization 

that respondents considered when making their assessments, as well as the perceived impact of the 

current level of digitalization on the educational process and institutional efficiency. 

The diagram in Fig. 2.6 analyzes the perceptions of respondents regarding the extent to which digital 

technologies are sufficiently utilized within the educational process at their universities. This question 

builds upon the previous one by exploring whether the current level of digitalization is deemed 

adequate by the participants. The distribution of responses is presented in Fig. 2.6. 

The responses reveal a prevailing sentiment that digital technologies are not yet fully or sufficiently 

utilized in the educational process. The largest proportion of respondents, 60.6%, believe that digital 

technologies are used Partially in the educational process. This suggests that while some integration 

exists, there is a perceived need for more extensive and comprehensive implementation. A significant 

percentage, 33.7%, think that digital technologies are used Fully. This indicates a positive perception 

of the current level of digital integration within their educational environment. A small segment, 

5.8%, feels that digital technologies are used Minimally, suggesting a limited adoption of digital tools 

in their educational practices. No respondents indicated that digital technologies are Not used at all. 

 

Fig. 2.6. Perceptions on the sufficiency of digital technology use. 

The dominant view among the respondents is that digital technologies are only partially integrated 

into the educational process. This implies a recognition of the potential benefits of digitalization that 

are not yet fully realized across all aspects of teaching and learning. While a notable portion believes 

in the sufficient or full utilization of digital technologies, the majority opinion suggests room for 

improvement and expansion in the adoption and application of these tools. The small percentage 

indicating minimal use highlights specific areas or institutions where digital integration is lagging. 
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The absence of responses indicating no use at all suggests a general awareness and some level of 

implementation of digital technologies across the surveyed institutions. 

These findings underscore the ongoing need to explore strategies for enhancing the integration of 

digital technologies in higher education to potentially improve teaching effectiveness, student 

engagement, and overall learning outcomes. Further analysis could investigate the specific areas 

where respondents believe digital technology use could be improved and the barriers hindering more 

comprehensive adoption. 

The diagram in Fig. 2.7 demonstrates the perceptions of respondents regarding the degree to which 
the principles of sustainable development are incorporated into the curriculum and content of higher 
education programmes. The integration of these principles is increasingly recognized as vital for 
preparing graduates to address global challenges. Figure 6 presents the distribution of responses.

The responses indicate that while sustainable development principles are being integrated, it is often
not to a comprehensive extent. The largest proportion of respondents, 59.6%, believe that sustainable 
development principles are integrated Partially, only in certain disciplines. This suggests that the 
integration is not yet systemic across all areas of study. A significant percentage, 20.2%, think that 
these principles are integrated Very well, they are an integral part of curricula. This indicates a 
positive perception of strong integration in some programmes or institutions. Another 20.2% perceive the 
integration as Superficial, mentioned but lacking practical application. This suggests that while the 
topic might be present, it lacks depth or real-world relevance in the curriculum. Only a very small 
fraction, 0%, believe that sustainable development principles are Not considered in the content at all.

 

Fig. 2.7. Perceived integration of Sustainable Development Principles. 

The dominant view among respondents is that sustainable development principles are primarily 

integrated selectively within specific disciplines rather than being a fundamental aspect of the entire 

higher education curriculum. While a notable portion believes in strong integration, a significant 

number perceive the integration as either partial or superficial. The absence of responses indicating no 

consideration at all suggests a general awareness of the importance of sustainable development within 

higher education, even if its implementation varies. 

These findings highlight the need for a more comprehensive and integrated approach to incorporating 

sustainable development principles across all fields of study in higher education. This would ensure 

that all graduates are equipped with the knowledge and skills necessary to contribute to a sustainable 

future. Further analysis could explore the perceived barriers to more widespread integration and 

identify best practices from institutions where the integration is considered strong. 

The diagram in Fig. 2.8 analyzes the perceptions of respondents regarding how well they believe 

higher education graduates are prepared to meet the demands of the current labor market. This is a 
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critical aspect of evaluating the effectiveness and relevance of higher education programmes. Fig. 2.8 
presents the distribution of these assessments.

The responses indicate a prevailing concern about the level of graduates' preparedness for the labor 
market. The largest proportion of respondents, 67.3%, assessed graduates' readiness as Medium. This 
suggests that while graduates possess some relevant skills and knowledge, there are areas needing 
improvement to fully align with labor market demands. A significant percentage, 17.3%, rated 
graduates' readiness as Low, indicating a perceived significant gap between the skills and knowledge 
acquired in higher education and the requirements of the job market. Only a smaller portion, 13.5%, 
assessed graduates' readiness as High, suggesting that some graduates are well-prepared for the 
demands of the labor market. A small fraction, 1.9%, believe that graduates Do not meet market needs 
at all, indicating a serious disconnect.

 

Fig. 2.8. Assessment of graduates' readiness for labor market demands. 

 

The dominant perception among respondents is that graduates' readiness for labor market demands is 

only at a medium level, with a substantial portion also rating it as low. This highlights a potential 

challenge for higher education institutions in ensuring that their programs adequately equip students 

with the skills and competencies sought by employers. The relatively small percentage of respondents 

who believe graduates are highly prepared suggests that there is significant room for improvement in 

aligning higher education outcomes with the needs of the labor market. The small fraction indicating a 

complete mismatch underscores the urgency of addressing this issue. 

These findings suggest a need for closer collaboration between higher education institutions and the 

labor market to better understand evolving demands and adapt curricula accordingly. Further analysis 

could explore the specific skill gaps identified by respondents and potential strategies for enhancing 

graduates' employability. 

This section, Fig. 2.9 present the analysis of the skills that respondents believe are most crucial for 

graduates entering the workforce today. This question allowed for multiple selections, providing 

insights into the multifaceted demands of the modern labor market. Fig. 2.9 presents the number and 

percentage of respondents who selected each skill. The responses highlight a strong consensus on the 

importance of several key skills for graduates. “Critical thinking” was identified as the most necessary 

skill, selected by 88.2% respondents. “Communication skills” is a very high number of respondents 

(76.9%) also emphasized the importance of strong communication abilities. “Digital literacy” skill 

was deemed essential by 63.5% of respondents, reflecting the increasing role of technology in the 

workplace. “Environmental awareness”—a significant portion, 54.8% of respondents, highlighted the 

growing importance of understanding and addressing environmental issues. “Leadership and 

management skills” were considered necessary by 46.2% of respondents. A small number of 
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respondents (9.6%) indicated other skills they believe are important. “Practical skills in the specialty” 

was selected by only 1% of respondents. 

 

Fig. 2.9. Most necessary skills for graduates. 

 

The results clearly indicate that respondents prioritize "soft skills", such as critical thinking and 

communication, as the most necessary for graduates in today's job market. Digital literacy and 

environmental awareness are also recognized as significantly important. While leadership and 

management skills are considered valuable by nearly half of the respondents, practical skills directly 

related to their field of study received surprisingly low emphasis. 

This suggests a perception that while disciplinary knowledge is important, the ability to think 

critically, communicate effectively, navigate the digital landscape, and understand environmental 

challenges are paramount for graduates' success. The low emphasis on practical skills within the 

specialty might indicate an assumption that these are a baseline expectation of a degree or perhaps a 

concern that graduates lack sufficient development in other crucial areas. Further investigation into 

the "Other" skills mentioned could provide additional valuable insights. The collective insights from 

these questions offer a comprehensive view of the perceptions of various stakeholders regarding the 

current state and future challenges of higher education. 

The section Fig. 2.10 analyzes the main challenges facing modern higher education as perceived by 

the respondents. This question allowed for multiple selections, highlighting the multifaceted issues 

confronting the sector. Fig. 2.10 presents the number and percentage of respondents who identified 

each challenge. 

The responses point to several significant challenges facing modern higher education. “Lack of 

practical training” was identified as a major challenge by the highest number of respondents (63.5%). 

“Curriculum lag behind labor market needs” − a closely related challenge, the mismatch between 

educational programmes and labor market demands, was selected by 61.5% of respondents. 

Insufficient focus on sustainable development» was highlighted as a relevant challenge by 31.7% 

respondents. “Insufficient digitalization” − a smaller but still notable portion, 17.3% of respondents, 

identified the lack of adequate digitalization as a key challenge. Some respondents (11.5%) indicated 

other challenges not explicitly listed. 

The results strongly suggest that a significant concern among respondents is the lack of practical 

training provided by higher education institutions and the mismatch between curricula and the needs 

of the labor market. These two challenges are closely intertwined, indicating a perceived gap in 

preparing graduates with the applied skills and knowledge required by employers. 
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The insufficient focus on sustainable development also emerges as a relevant challenge, suggesting a 

need for greater integration of these principles into higher education to address global priorities. 

While a smaller number identified insufficient digitalization as a primary challenge, this still indicates 

an area needing attention, especially in light of the increasing importance of technology. The "Other" 

challenges mentioned by some respondents could provide further nuanced insights into specific issues 

within different contexts. 

 

Fig. 2.10. Main challenges of modern higher education. 

These findings underscore the critical need for higher education institutions to adapt their programmes to 
provide more practical experience, align curricula with labor market demands, and adequately address 
pressing global issues like sustainable development and digitalization. Addressing these challenges is 
crucial for ensuring the relevance and effectiveness of modern higher education. The insights gathered 
offer a valuable understanding of the perspectives of various stakeholders on the current state and key 
challenges of higher education.

The diagram in Fig. 2.11 analyzes the level of support among respondents for increased integration of 

digital technologies within higher education. This question directly addresses the perceived need and 

desire for further digitalization in the sector. Fig. 2.11 presents the distribution of responses. 

The responses overwhelmingly indicate support for greater digital technology integration in higher 

education. A significant majority, 49%, absolutely support the idea of greater digital technology 

integration. Another substantial portion, 46.2%, supports the idea but with some limitations. This 

suggests a generally positive view tempered by potential concerns or considerations. A very small 

percentage, 2.9%, believe that greater digital technology integration is not necessary. An equally 

small fraction, 1.9%, found it Hard to say. 
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Fig. 2.11. Support for greater digital technology integration. 

The findings reveal strong overall support for the increased use of digital technologies in higher 

education. The near-unanimous positive sentiment, with almost half expressing absolute support and 

another large segment supporting it with some reservations, underscores the perceived value and 

potential of digitalization within the educational landscape. 

The small minority who do not see it as necessary might have concerns about over-reliance on 

technology, potential negative impacts on traditional teaching methods, or issues related to access and 

equity. Similarly, those who found it hard to say might lack a clear understanding of the implications 

or have mixed feelings. However, the dominant view clearly favors further digital integration. This 

strong support provides a mandate for higher education institutions to explore and implement 

strategies for effectively leveraging digital technologies to enhance teaching, learning, research, and 

administration. Understanding the "limitations" mentioned by a significant group would be crucial for 

a successful and well-considered approach to digitalization. 

The diagram in Fig. 2.12 analyzes the perspectives of respondents on the degree to which digital 

technologies should substitute traditional face-to-face instruction in higher education. This question 

explores the desired balance between digital and in-person learning modalities. Fig. 2.12 presents the 

distribution of responses. 

The responses overwhelmingly favor a blended approach, with digital technologies primarily 

supplementing rather than fully replacing traditional teaching. A very large majority, 74%, believe 

that digital technologies should partially complement traditional teaching. This indicates a strong 

preference for a hybrid model that integrates the strengths of both approaches. A significant portion, 

23.1%, think that digital technologies should be used minimally, only as supplementary tools to in-

person teaching. This suggests a preference for maintaining the primacy of traditional instruction. 

Only a very small fraction, 1.9%, believe that completely online education should become the main 

form of learning. This indicates limited support for a full transition to online-only education. No 

respondents believe that digital technologies should not replace in-person teaching at all. 

The dominant view among respondents is a strong endorsement of a blended learning model, where 

digital technologies enhance and support traditional in-person teaching rather than replacing it 

entirely. This suggests a recognition of the unique benefits of both modalities and a desire to leverage 

the advantages of each. 

The significant portion favoring minimal use of digital technologies as supplementary tools highlights 

the continued value placed on direct, face-to-face interaction in the learning process. The very small 

support for a complete shift to online education indicates a general preference for maintaining a 
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physical presence and direct engagement in higher education. The absence of respondents opposing 

any replacement at all suggests a general acceptance of the role of digital tools, even if primarily in a 

supporting capacity. 

These findings underscore the importance of carefully considering the pedagogical implications and 

the desired learning experience when integrating digital technologies. A balanced approach that 

strategically combines the strengths of both traditional and digital methods appears to be the preferred 

model among the surveyed stakeholders. 

 

Fig. 2.12. Extent of digital technology replacement of traditional teaching. 

 

The section Fig. 2.13 analyzes the views of respondents regarding the necessity of closer 

collaboration between universities and employers. This question addresses the crucial link between 

higher education and the labor market. Fig. 2.13 presents the distribution of responses. 

The responses overwhelmingly support the idea of closer cooperation between universities and 

employers. A strong majority, 68.3%, believe that universities should cooperate much more closely 

with employers. This indicates a significant perceived need for stronger ties. A notable portion, 

30.8%, think that universities should cooperate with employers and that the current level is sufficient. 

This suggests a satisfaction with the existing level of collaboration. Only a very small fraction, 0.9%, 

believe that it is not important for universities to cooperate more closely with employers. No 

respondents found it Hard to say. 

The dominant sentiment among respondents is a strong endorsement for increased collaboration 

between universities and employers. The significant majority who believe that universities should 

cooperate much more closely highlight a perceived gap in the current level of engagement and a 

desire for stronger partnerships. This could stem from a need to better align curricula with labor 

market demands, provide more relevant practical experience for students, and enhance graduate 

employability. 

The substantial portion who feel the current level of cooperation is sufficient suggests that some 

institutions or individuals believe the existing relationships are adequate. However, the overwhelming 

majority opinion indicates a desire for more proactive and deeper engagement. The negligible number 

who believe it is not important underscores the widely recognized value of university-employer 

partnerships. 

These findings emphasize the importance of fostering stronger connections between higher education 
institutions and the world of work. Increased collaboration can lead to more relevant educational 
programmes, enhanced student outcomes, and a better alignment of graduates' skills with the needs of the 
labor market, ultimately benefiting both the education sector and the economy.
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Fig. 2.13. Opinion on closer university-employer collaboration. 

The diagram in Fig. 2.14 demonstrates the perceptions of respondents regarding the current demand 

for professionals specializing in environmental fields within the labor market. This question is 

particularly relevant given the increasing global focus on environmental sustainability. Fig. 2.14 

presents the distribution of responses. 

The responses indicate a generally positive outlook on the demand for environmental specialists. The 

largest proportion of respondents, 46.2%, believe the demand is Moderate, there is demand, but not 

for all environmental specialties. This suggests a nuanced view, where demand exists but might be 

concentrated in specific areas within environmental science. A significant percentage, 26.9%, assesses 

the demand as High, the market needs more environmental specialists. This indicates a strong 

perceived need for professionals in this field. A notable portion, 20.2%, believe the demand is Low, 

environmental specialties are not a priority for the labor market. This presents a contrasting 

perspective, suggesting limited opportunities in this sector. A smaller part, 6.7%, found it Hard to say 

in their assessment. 

The results reveal a mixed but generally optimistic view regarding the labor market demand for 
environmental specialists. While the largest group perceives a moderate demand with potential 
variations across different specializations, a substantial portion believes the demand is high and 
growing. This aligns with the increasing global emphasis on environmental issues and sustainability. 
However, the significant percentage who perceive the demand as low suggests that the job market for 
environmental specialists might be complex or that the demand might not be uniformly strong across 
all areas of environmental science. The "Hard to say" responses could reflect uncertainty or a lack of 
specific knowledge about the current job market in this sector. These findings highlight the 
importance of understanding the specific areas within environmental science that are currently 
experiencing the highest demand. Higher education institutions may need to tailor their programmes to 
align with these specific market needs to ensure better employability for their graduates in 
environmental fields. Further research into the specific areas of demand and the reasons behind the 
differing perceptions would be beneficial.
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Fig. 2. 14. Assessment of labor market demand for environmental specialists. 

Due to the nature of open-ended questions, the responses were categorized based on recurring themes. 

The open-ended responses highlight a general desire for the evolution and improvement of higher 

education content. The most frequent suggestion points towards the need for curriculum development 

and modernization, likely to better align with contemporary knowledge, skills, and labor market 

demands. 

The wide array of less frequent, individual suggestions indicates a diverse range of specific areas 

where respondents believe improvements can be made. These span from adapting curricula and 

increasing practical elements to focusing on student feedback and ensuring relevance. 

The fact that "Everything is satisfactory" received only one response suggests a general recognition 

that there is room for enhancement in the content of higher education. 

Further analysis of the full, untruncated labels of these suggestions would provide a more detailed 

understanding of the specific areas that stakeholders believe are crucial for improving the quality and 

relevance of higher education content. 

The survey reveals that lecturers constitute the majority of respondents, followed by students. Most 

lecturers have significant experience in higher education, with the largest group having 11-20 years of 

tenure. A strong majority of lecturers perceive a decline in the general knowledge level of students 

over the past years. Respondents generally assess the level of digitalization in their universities as 

medium. A majority believe that digital technologies are only partially utilized in the educational 

process. The prevailing view is that sustainable development principles are integrated partially, 

mainly within specific disciplines. A significant portion of respondents assess graduates' readiness for 

labor market demands as medium. Critical thinking and communication skills are considered the most 

necessary for graduates today. The lack of practical training and the misalignment of curricula with 

labor market needs are seen as the main challenges of modern higher education. There is strong 

support for greater digital technology integration in higher education, although often with some 

limitations. Respondents largely favor a blended learning approach where digital technologies 

complement rather than replace traditional teaching. A strong majority believes universities should 

cooperate much more closely with employers. Perceptions of the labor market demand for 

environmental specialists are mixed, with moderate demand being the most common assessment. 

Suggestions for improving higher education content frequently point towards curriculum development 

and modernization. 

The main result of the survey is a clear indication of a perceived gap between the current state of 

higher education and the evolving needs of students and the labor market, particularly concerning the 

practical application of knowledge, alignment of curricula with job demands, and the comprehensive 
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integration of digitalization and sustainable development principles, despite a general support for 

greater digital integration. 

Only a very small fraction of respondents (1.9%) believe that “completely, online education should 

become the main form of learning”, indicating minimal support for a full transition away from in-

person instruction. 

Concerning the integration of sustainable development principles: 

The largest proportion of respondents (59.6%) believe that sustainable development principles are 

integrated “Partially, only in certain disciplines”, suggesting that these principles are not yet a 

systemic part of the entire higher education curriculum. 

A significant percentage (20.2%) perceive the integration as “Superficial, mentioned but lacking 

practical application”, indicating that even when present, the integration might lack depth and real-

world relevance. 

Only a smaller portion (20.2%) think that these principles are integrated “Very well, they are an 

integral part of curricula”, suggesting strong integration is not yet widespread. 

These specific observations highlight that there is very little support for a complete abandonment of 

traditional in-person teaching in favor of full digitalization. Furthermore, while there is some level of 

awareness and integration of sustainable development principles in higher education content, it is 

predominantly partial or superficial, with only a minority perceiving it as a truly integral part of 

curricula. 

Building upon the survey findings, future research could delve deeper into the identified gaps and 

areas of interest. Investigating the reasons behind the perceived decline in students' general 

knowledge and its impact on learning outcomes warrants further attention, potentially through 

qualitative studies with lecturers and analyses of student performance data. Exploring the specific 

limitations associated with digital technology integration, as highlighted by a significant portion of 

respondents, could inform more effective and nuanced digitalization strategies. 

A critical area for future research is the disconnect between higher education curricula and labor 

market demands. Qualitative interviews with employers and graduates could identify specific skill 

gaps and inform curriculum reforms. Furthermore, exploring best practices for integrating sustainable 

development principles across diverse disciplines and assessing the impact of such integration on 

student awareness and future careers is crucial. 

Understanding the nuances within the demand for environmental specialists, identifying high-growth 

areas, and the specific skills required would be valuable for curriculum development and student 

career guidance. Finally, a more in-depth qualitative analysis of the open-ended suggestions for 

improving higher education content could yield actionable insights for institutional development and 

policy changes. Longitudinal studies tracking the impact of implemented changes based on these 

findings would further contribute to the evidence-based advancement of higher education. 
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3.1.  EDUCATIONAL TRAINING FOR 

BACHELORS-LEVEL 

ENVIRONMENTALISTS: A COMPARATIVE 

PROSPECTIVE ON UKRAINE AND 

SLOVAKIA 

Slovakia, with a population of about 5.4 million, has about 20 universities, which is about 1 university 

per 270,000 people, while Ukraine, with a population of about 41 million, has about 200 universities, 

which is about 1 university per 205,000 people. Thus, Ukraine has slightly more universities per 

capita than Slovakia.  

According to the Office of the United Nations High Commissioner for Refugees, as of January 2023, 

about 8 million people had left Ukraine. However, it is important to note that this figure is dynamic 

and constantly changing (REFUGEES FROM UKRAINE). 

Given that about 8 million Ukrainians left Ukraine due to the Russian-Ukrainian war, Ukraine 

currently has a population of about 33 million, which with about 200 universities gives approximately 

1 university per 165,000 people, while in Slovakia, with a population of about 5.4 million and 20 

universities, this figure is approximately 1 university per 270,000 people, which indicates that even 

taking into account the population outflow, Ukraine currently has fewer universities per capita than 

Slovakia, although it is important to consider that the number of universities is not the only indicator 

of the quality of higher education, and factors such as the quality of teaching, scientific research, 

international relations and graduate employment also matter, as well as the fact that a large number of 

Ukrainian students study at universities in Slovakia. 

Ukraine has such leading universities as Taras Shevchenko National University of Kyiv, V. N. 

Karazin Kharkiv National University, National Technical University of Ukraine, "Igor Sikorsky Kyiv 

Polytechnic Institute", and Ivan Franko National University of Lviv, while in Slovakia the leading 

ones are Comenius University in Bratislava, Slovak Technical University in Bratislava, Pavol Josef 

Šafárik University in Košice, Technical University in Košice, and University of Žilina. 

The differences in higher education between the two countries include different funding 
(predominantly public in Ukraine and a mix of public and private in Slovakia), structure (more 
centralized in Ukraine and decentralized in Slovakia), international cooperation (more in Slovakia), 
language of instruction (Ukrainian in Ukraine and Slovak in Slovakia, although both have English-
language programmes), participation in the Bologna Process (both countries), and accessibility (free 
education at public universities in Slovakia provided that studies are conducted in the Slovak 
language, while in Ukraine there are both budget and contract places) (QS World University Rankings 
2025: Top global universities). 

Before the start of the full-scale war, there were about 1.5 million students studying in Ukraine, but 

due to the war, this number has decreased significantly, while Slovakia has approximately 

130,000−150,000 students, and this country is becoming increasingly popular among Ukrainian 

students looking for a safe and affordable place to study, so the difference between the two countries 

has decreased, but these figures are approximate and may change. 

In Ukraine, ecologists are trained at many universities, as environmental majors are quite common. In 

particular, such majors are represented at Taras Shevchenko National University of Kyiv, Ivan Franko 
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National University of Lviv, V. N. Karazin Kharkiv National University, and other large universities 

throughout the country. In Slovakia, ecologists are also trained at several universities, including 

Comenius University in Bratislava, Pavol Josef Šafárik University in Košice, and others. However, in 

general, the number of universities offering environmental majors in Ukraine is greater than in 

Slovakia, reflecting the larger size of the country and the greater number of higher education 

institutions. 

The Petro Mohyla Black Sea National University (PMBSNU) in Mykolaiv, Ukraine, and the 

University of Prešov, Slovakia, are multidisciplinary higher education institutions, but differ in 

structure, student numbers, and training concepts; CNU, founded in 1996, is known for its humanities 
and social sciences, has about 4,000 students, and emphasizes an interdisciplinary approach, while the 
University of Prešov, with a history dating back to 1665, offers a wide range of programmes, including 
theology, humanities, natural sciences, and medical sciences, with a student population of about 

000, and emphasizes regional development and international cooperation, reflecting their different 
historical contexts and educational priorities.
8,

The concepts of training ecologists at the Petro Mohyla Black Sea National University and the 

University of Prešov have both common features and differences, reflecting their regional specificities 

and academic approaches; at PMBSNU, located in the ecologically sensitive region of the Black Sea 

coast, the emphasis is on the practical application of ecological knowledge, with a focus on 

monitoring and management of coastal ecosystems, as well as on studying the impact of industry on 

the environment, while the University of Prešov, located in a region with diverse mountain and forest 

ecosystems, focuses on basic research in ecology, with a special emphasis on biodiversity, nature 

conservation and sustainable development, as well as on collaboration with international 

organizations to study global environmental problems, reflecting their different geographical locations 

Both programmes are aimed at training specialists capable of working in the field of environmental

Both programmes include the study of fundamental environmental disciplines, such as botany, 

ity of Mykolaiv, the programme is partially focused on environmental 

and corresponding environmental challenges. 

Comparative analysis of the concepts of educational programmes in ecology at the Petro Mohyla 

Black Sea National University and the University of Prešov is in the Table 3.1. 

Similarities: 

•  

protection, environmental monitoring, and natural resource management. 

• 
zoology, geography, ecology, and nature conservation. 

• Both universities emphasize the practical application of knowledge, including field and laboratory 

research. 

Differences: 

• The programme "Ecology, Environmental Protection, and Sustainable Nature Management" at 

PMBSNU is more applied in nature, with an emphasis on the study of anthropogenic impact on the 

environment and optimization of nature management. 

• The PMBSNU programme is aimed at developing in students the skills necessary for work in 

government institutions, private companies, and water management organizations. 

• Given the location of the c

problems of coastal zones. 
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Table 3.1. Comparative analysis of educational programme concepts (Standard of Bacheller; MAIS) 
 Petro Mohyla Black Sea National 

University, Mykolaiv, Ukraine 

University of Prešov, Slovakia 

Name of the 

educational 
programme 

E2 Ecology, "Ecology, 

Environmental Protection and 

Balanced Nature Management" 

Ecological and Environmental Sciences 

(1610R00) 

Short description Object: structure and functional 

components of ecosystems 

of different levels and origins; 

anthropogenic impact on the 

environment 

and optimization of environmental 

management. 

Purpose of training: formation of 

higher education applicants 

complex of knowledge, skills and 

abilities for application in 

professional activity in the field of 

ecology, environmental protection 

and 

balanced nature management. 

Theoretical content of the subject 

area. Concepts, concepts, 

principles of natural sciences, 

modern ecology and their 

use for environmental protection, 

balanced nature management and 

sustainable development. 

Methods, techniques and 

technologies. The applicant must 

master 

methods of collecting, processing 

and interpreting the results 

environmental research. 

Tools and equipment: equipment, 

equipment and 

software required for full-scale, 

laboratory and remote sensing of the 

structure and 

properties of ecological systems of 

different levels and origins. 

The standard load for a student is 60 

credits per year. The graduate is able to 

work in the field and in laboratory 

conditions and can correctly identify and 

take samples from assessed sites, store 

and process them. He has knowledge of 

ecology, botany, zoology, geography, 

natural resource protection and 

environmental science. He can be 

employed in various areas related to 

environmental protection issues, 

especially at various levels of 

specialized state administration, in 

environmental sectors, in the private 

sector and in water management. The 

graduate will be able to integrate into a 

team and lead an independent team for 

the design and implementation of 

landscape, ecological and environmental 

documentation. He can develop and 

manage an ecologically and 

environmentally focused project and 

will be able and competent to develop 

ecological and environmental studies 

(e.g., EIA), assessments and opinions 

concerning, e.g., environmental impact 

assessments, environmental risk 

assessments and favourable status of 

habitats and populations. 

 
 

• The programme "Ecological and Environmental Sciences" at the University of Prešov is more 

fundamental in nature, with an emphasis on the study of ecological systems and processes. 

• The programme at the University of Prešov is aimed at training specialists capable of conducting 

scientific research in the field of ecology and nature conservation. 

• The programme at the University of Prešov is more focused on the study of biodiversity. 

Thus, both universities offer high-quality educational programmes in ecology, but with different 
emphases. PMBSNU trains specialists for practical work in the field of environmental protection, 
while the University of Prešov places more emphasis on scientific research.

According to the data in Ttable 4, the educational programmes in ecology at the Petro Mohyla Black 
Sea National University and the University of Prešov have both similar and different characteristics; 
both programmes offer a bachelor's degree, but the duration of study at PMBSNU is 10 months longer 
than at the University of Prešov, which may indicate a different approach to the organization of the 
educational process or a different number of ECTS credits required to obtain a degree (Table 3.2).
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Table 3.2. Comparative analysis of educational ecology programmes.   

 

Parameter Petro Mohyla Black Sea National 

University, Mykolaiv, Ukraine 

University of Prešov, Slovakia 

Name of the 

educational 

programme 

E2 Ecology, "Ecology, Environmental 

Protection, and Balanced Nature 

Management" 

Ecological and Environmental 

Sciences (1610R00) 

Term of study 3 years 10 months 3 years 

Total number of 

disciplines, 

including 

practices 

52 49 

Number of 

disciplines per 

semester 

7– 9 5–11 

Teaching methods Combined Combined 

Final control of 

knowledge 

Bachelor thesis defense (7.5) Ecology (6) 

Bachelor thesis defense (10) 

 

The total number of academic disciplines, including internships, also differs: 52 at PMBSNU versus 

49 at the University of Prešov, which may indicate a different breadth of coverage of educational 

material or a different structure of curricula. The number of disciplines per semester ranges from 7 to 

9 at PMBSNU and from 5 to 11 at the University of Prešov, which may reflect a different intensity of 

the study load or a different approach to the distribution of disciplines during the academic year. 

Both universities use combined teaching methods, which involve a combination of lectures and 

practical and laboratory classes. The final knowledge control at the PMBSNU includes the defense of 

a bachelor's thesis with a score of 7.5, while at the University of Prešov there is a separate exam in 

ecology (6) and the defense of a bachelor's thesis (10), which may indicate a different assessment 

system and a different approach to the final certification of students. 

The data in Table 3.3 compares the volume of academic disciplines at universities, which are 

presented in ECTS credits, which is a standardized system for assessing the study load in the 

European Higher Education Area. 

The disciplines of the humanities cycle at the PMBSNU account for 10 disciplines, 43 credits. At the 

University of Prešov, except for 1 discipline (English), 8 credits are completely postponed courses of 

the humanities block. 

Both universities have a relatively small volume of mathematical disciplines, but Petro Mohyla offers 

a little more. 

The University of Prešov has a much larger volume of natural sciences, both in terms of the number 

of disciplines and credits, which indicates greater attention to this field. 

Thus, PMBSNU offers a wider range of humanities, while the University of Prešov has a larger range 

of natural sciences. Both universities have a relatively small number of mathematical disciplines. The 

difference in the range of disciplines may reflect the different academic priorities and specializations 

of the universities (Table 3.3). 
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Table 3.3. Comparative analysis of educational programme concepts (Standard of Bacheller; MAIS). 

 

University The amount/volume of 

disciplines in 

humanitarian training 

The amount of 

disciplines/volume of 

mathematical sciences 

The amount of 

disciplines/volume of 

natural basic sciences 

Petro Mohyla 

Black Sea 

National 

University 

10 / 43 credits* 2 / 9 credits 4 / 27 credits 

Presov 

University 

1 (English) / 8 credits 1 / 4 credits 10 / 54 credits 

*English (9) + second language (9) 

Table 3.4 presents a comparative overview of the volume of scientific disciplines across 

different universities, specifically focusing on biological, chemical, soil science, and physics 

disciplines. The data is structured to show the ratio of the number of disciplines to the total 

credits allocated to each field within the respective universities. 

Petro Mohyla Black Sea National University demonstrates a balanced distribution of credits 

across the four scientific disciplines. The ratio of disciplines to credits is relatively low, 

indicating a focused approach within each field. For example, biological disciplines account 

for 1 out of 7 credits, chemical disciplines for 1 out of 11 credits, soil sciences for 1 out of 4 

credits, and physical sciences for 1 out of 5 credits. The university shows an even distribution 

of science programmes. 

University of Presov, in contrast, exhibits a significantly higher volume of biological 
disciplines, with 16 out of 79 credits dedicated to this field. The volume of chemical 
disciplines is also notable, with 3 out of 14 credits. The volume of soil sciences is 2 out from 
of 8 credits. The physical sciences programmes are not represented in the provided data. The 
university has a large focus on biological sciences.

The data highlights a clear difference in the emphasis placed on various scientific disciplines 

between the two universities. Petro Mohyla Black Sea National University maintains a 

relatively even distribution, suggesting a broader scientific curriculum. Presov University, on 

the other hand, appears to prioritize biological sciences, with a considerably larger volume of 

credits allocated to this field. It is important to notice that the absence of data doesn't mean 

the absence of programmes. 

These variations in credit distribution could reflect differences in the universities' research 

focus, faculty expertise, or programme offerings. Further investigation into the specific 

courses and research activities within each discipline would provide a more comprehensive 

understanding of these differences (Table 3.4). 
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University The 

amount/volume of 

biological 

disciplines 

The amount of 

disciplines/volume 

of chemical 

disciplines 

The amount of 

disciplines/volume 

of soil sciences 

The amount of 

disciplines/volume 

of physics sciences 

Petro 

Mohyla 

Black Sea 

National 

University 

1 / 7 credits 1/ 11 credits 1 / 4 credits 1 / 5 credits 

Presov 

University 

16 / 79 credits 3/ 14 credits 2 / 8 credits − 

Table 3.5 provides a valuable snapshot of the relative emphasis placed on different scientific 

disciplines across the two universities. The data reveals distinct patterns in credit allocation, 

highlighting the diverse approaches to scientific education and research. 

The “Ecological and Environmental Sciences” programme at the University of Prešov offers 

a comprehensive three-year education covering a wide range of environmental disciplines. 

The programme combines theoretical knowledge with practical skills, preparing students for 

a career in the field of ecology or for further studies. The programme consists of 35 courses, 

which are distributed over three years of study. The total number of ECTS credits that 

students have is 115 (Fig. 3.1). 

 

Fig. 3.1. Number of courses and credits of professional training for bachelors in 

environmental science at the University of Prešov. 

Courses cover basic environmental principles and concepts. Courses develop practical skills 

in students necessary for conducting environmental research and address environmental 

protection and sustainable development issues. Courses explore legal and political aspects of 

environmental protection. Environmental communication is taught through disciplines that 

teach students to communicate effectively with the public about environmental issues. New 

trends in ecology are presented through courses that introduce students to the latest advances 

in the field of ecology. 
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Thus, the ecology programme at the University of Prešov offers a balanced education that 
combines theoretical knowledge with practical skills. The courses in the programme cover a 
wide range of environmental disciplines, preparing students for a variety of career paths. The
programme is constantly updated to reflect the latest advances in the field of ecology. This 
analysis shows that the ecology programme at the University of Prešov is comprehensive and 
well-structured, providing students with a solid foundation for further studies and careers in 
the field of ecology.

The curriculum for ecology students at Petro Mohyla Black Sea National University presents 

a comprehensive approach to environmental science education. The programme encompasses 

a wide range of subjects, from fundamental sciences like "Geochemistry of the Environment" 

and "Soil Science and Land Conservation" to specialized fields such as "Environmental 

Monitoring" and "Radioecology and Radiation Safety". This diversity ensures that students 

gain a holistic understanding of ecological principles and their practical applications. Several 

courses, including "Ecological Mapping with GIS Basics" and "Fundamentals of Topography 

and Cartography," focus on developing essential technical skills. This practical orientation 

prepares students for real-world environmental management and research. Courses like 

"Biometrics and Mathematical Methods in Ecology" and "Modeling and Forecasting 

Environmental Conditions" highlight the importance of quantitative analysis in ecological 

studies. This interdisciplinary approach equips students with the tools to address complex 

environmental challenges. Subjects such as "Environmental Safety and Risk Assessment" and 

"Social Ecology" reflect the programme's commitment to addressing current environmental 

concerns. This focus ensures that graduates are well-versed in the latest environmental 

policies and practices. 

The curriculum strikes a balance between theoretical knowledge and practical skills, ensuring 

that students are well-prepared for both academic and professional pursuits. The inclusion of 

courses on environmental monitoring, risk assessment, and GIS demonstrates the 

programme's alignment with contemporary environmental standards and technologies. The 

interdisciplinary nature of the program encourages students to develop critical thinking and 

problem-solving skills, which are essential for addressing complex environmental issues. The 

wide range of courses and the gained skills permits the students to be prepared for a wide 

range of job opportunities, from working in laboratories to working in the field or working in 

government positions.  

Fig. 3.2. demonstrates a number of courses and credits of professional training for bachelors 

in environmental science at the PMBSNU. The professional training for ecology students at 

Petro Mohyla Black Sea National University is characterized by its breadth, depth, and 

relevance to contemporary environmental challenges. The programme's emphasis on practical 

skills, interdisciplinary knowledge, and modern environmental standards ensures that 

graduates are well-prepared for successful careers in environmental science and management. 
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Fig. 3.2. Number of courses and credits of professional training for bachelors in 

environmental science at the PMBSNU. 

So, comparing the professional training of ecologists at the two universities, the following 

can be noted: 

1. Relevance. Both universities include courses in their programmes that reflect modern 

is distinguished by a wide range of 

environmental challenges (environmental security, global environmental problems). 

2. The breadth of disciplines. PMBSNU’s programme 

disciplines, covering both fundamental (geochemistry, soil science, meteorology) and applied 

aspects of ecology (environmental monitoring, environmental safety, GIS). There is an 

emphasis on interdisciplinarity (biometrics, modeling). The programme in the University of 

Prešov also covers a wide range of environmental disciplines, but there is a greater emphasis 

on the biological component, practical skills (field practices, laboratory techniques). Also, 

great attention is paid to communication skills (popularization of ecology). 

3. Practical orientation. PMBSNU’s programme pays significant attention to the development 

of practical skills, especially in the field of GIS and cartography. There are courses that 

prepare for practical work in the field of monitoring and risk assessment. The programme at 

the University of Prešov has a strong biological, practical focus, with a large number of field 

practices and laboratory work. Also, a feature is that students are prepared for work in the 

labor market. 

4. Interdisciplinarity. PMBSNU’s programme actively integrates interdisciplinary 

approaches, in particular through courses in biometrics and modeling. Interdisciplinarity is 

also present in the University of Prešov, but to a lesser extent, with an emphasis on the 

integration of environmental knowledge with legal and communicative aspects. 

Thus, both universities offer high-quality professional training for ecologists, but with 
different emphases. PMBSNU provides a broader theoretical base and emphasizes 
interdisciplinarity. The University of Prešov has a strong biological, practical orientation and 
prepares students for specific professional tasks. Both programmes meet modern 
requirements for environmental education. It is important to note that the choice of university 
depends on the individual needs and career goals of the student. 
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Both programmes are aimed at training specialists capable of working in the field of 
environmental protection, environmental monitoring, and natural resource management. 
University programmes include the study of basic environmental disciplines such as botany, 
zoology, geography, ecology, and nature conservation. Both universities emphasize the 
practical application of knowledge, including field and laboratory research. The programme 
actively integrates interdisciplinary approaches, in particular through courses in biometrics 
and modeling. 

The programme "Ecology, Environmental Protection, and Balanced Nature Management" of 
the PMBSNU. The emphasis is on the study of anthropogenic impact on the environment and 
optimization of nature management. The programme aims to develop students' skills necessary 
to work in government agencies, private companies, and water management organizations. 
Given the location of Mykolaiv, the programme is partially focused on environmental problems 
of coastal zones. Much attention is paid to the development of practical skills, especially in 
the field of GIS and cartography. There are courses that prepare for practical work in the field 
of monitoring and risk assessment.
The "Ecological and Environmental Sciences" programme is more fundamental in nature. 
The focus is on the study of ecological systems and processes. The programme is aimed at 
training specialists capable of conducting scientific research in the field of ecology and nature 
protection. The programme focuses more on the biological component, practical skills (field 
practices, laboratory techniques), and communication skills (promotion of ecology). The 
programme has a strong biological and practical focus, with a large number of field practices 
and laboratory work. Also, a feature is the preparation of students for work in the labor 
market. Interdisciplinarity is also present, but to a lesser extent, with an emphasis on the 
integration of environmental knowledge with legal and communicative aspects. 

Determining the most relevant training option depends on the specific requirements of the 
time and labor market. Both approaches have their own advantages and may be relevant in 
different contexts. 

In today's world, where the problems of anthropogenic impact on the environment and the 
need to optimize environmental management are acute, the training of specialists capable of 
developing and implementing practical solutions in public institutions and private companies 
is extremely important. The emphasis on GIS and cartography is also a significant advantage 
in the digital age and the need for spatial analysis of environmental data. Orientation to 
environmental problems of coastal zones is especially relevant for the Mykolaiv region and 
other coastal areas. 

On the other hand, a deep understanding of ecological systems and processes, which provides 
more fundamental training, is a necessary basis for solving complex environmental problems 
and conducting qualitative scientific research. Strong practical training, including field and 
laboratory skills, makes graduates competitive in the labor market, especially in areas related 
to direct environmental research and monitoring. The development of communication skills is 
also important in the context of increasing the environmental awareness of society. 

Given today's global environmental challenges, such as climate change, biodiversity loss, and 
environmental pollution, both types of preparation are essential. However, taking into 
account the urgent need to solve specific environmental problems at a practical level, an 
applied approach with an emphasis on technology (for example, GIS), management, and 
minimization of anthropogenic impact, as in the programme of PMBSNU. The university 
may be considered somewhat more relevant at the moment to meet the immediate needs of 
the labor market and society in Ukraine. However, the importance of fundamental training for 
the development of science and a deep understanding of environmental processes offered by 
the University of Prešov should not be underestimated. The ideal option may be to combine 
the strengths of both approaches in future educational programmes. 
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3.2. MASTERS-ENVIRONMENTALISTS 

EDUCATIONAL TRAINING ON THE 

EXAMPLE OF UKRAINE AND SLOVAKIA 

Comparative analysis of the concepts of educational programmes in ecology (Master level) at the 

Petro Mohyla Black Sea National University and the University of Prešov is in Table 3.5. 

Table 3.5. Comparative analysis of educational programme concepts (Standard of Master; MAIS).  

Common 

information 

Petro Mohyla Black Sea 

National University, Mykolaiv, 

Ukraine 

University of Prešov, Slovakia 

App name, short 

description 

The standard load for a student 

is 90 credits. The Ecology and 

Environmental Protection 

programme offers a comprehensive
study of ecological principles 

and their application to 

environmental issues. It covers 

theoretical foundations, research 

methodologies, and practical 

aspects of conservation, 

management, and assessment, 

preparing graduates for diverse 

roles in the environmental field. 

The standard load for a student is 120 

credits. The graduate is an expert in 

ecology, ecosystems, biodiversity 

protection, nature, landscape, and the care 

of protected areas. He is proficient in 

scientific research methods (both basic 

and applied). He can creatively apply 

scientific knowledge, solve human-nature 

conflict situations, and verify various 

ecological hypotheses. He has practical 

experience gained through internships and 

student work experience in state 

institutions, the private sector, and non-

governmental organizations. The graduate 

is able to work and manage working 

groups (field and laboratory), can 

appropriately identify and take samples, 

store them, process the obtained data, and 

evaluate and interpret them correctly. The 

graduate is employed in management 

functions of nature and landscape 

protection, in scientific research 

institutions, in international cooperation 

of protected areas, and at universities. 

 

According to the data in Table 3.6, the educational programmes in ecology at the Petro Mohyla Black 

Sea National University and the University of Prešov have both similar and different characteristics; 

both programs offer a master's degree, but the duration of study at PMBSNU is shorter than at the 

University of Prešov, which may indicate a different approach to the organization of the educational 

process or a different number of ECTS credits required to obtain a degree.  

Both programmes share a fundamental commitment to core ecological principles. Courses like "Forest 

Ecology," "Landscape Ecology," "Soil Ecology," and "Biodiversity" in the University of Prešov 

curriculum align with courses such as "Ecology" and topics found within "System analysis of 

environmental quality" in the PMBSNU programme. This indicates a shared emphasis on the 

foundational knowledge of ecological systems and processes. 
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Table 3.6. Comparative analysis of educational ecology programmes. 

 

Parameter Petro Mohyla Black Sea National 

University, Mykolaiv, Ukraine 

University of Prešov, Slovakia 

Name of the educational 
programme 

E2 Ecology, "Ecology and 

Environmental Protection" 

Ecological and Environmental 

Sciences (1610T00) 

Term of study 1 year 4 months 2 years 

Total number of 

disciplines, including 

practices 

11  

(90 credits) 

24 

(120 credits) 

Number of disciplines per 

semester 

6−8 5–6 

Teaching methods Combined Combined 

Final control of 

knowledge 

Master thesis defense (12) Diploma thesis defense (15) 

State exam (5) 

Both curricula integrate environmental science concepts. The University of Prešov includes 
"Introduction to Environmental Science," "Chemistry of the Environment," and "Global 
Problems of the Environment", while PMBSNU offers courses like "Environmental 
Management and Audit" and "Technologies of Environmental Protection." This demonstrates 
that both programmes recognize the importance of applying ecological knowledge to address 
environmental challenges.

Both programmes emphasize research skills and thesis preparation. The University of Prešov 

has "Diploma Thesis Seminar 1" and "Diploma Thesis Seminar 2", and PMBSNU includes 

"Methodology and organization of scientific research in ecology" and "Pre-diploma practice," 

culminating in "Diploma thesis defense" in Prešov. This highlights the importance of 

developing students' research capabilities for their master's theses. 

Both programmes incorporate practical training, though the format varies. The University of 

Prešov has "Large ecological practicum" and "Professional practice 2", while PMBSNU 

includes "Assistant practice" and "Pre-diploma practice." This reflects the need for hands-on 

experience in ecological and environmental studies. 

Both programmes include courses that address current environmental concerns. The 

University of Prešov offers "Global Environmental "Issues" and "Environmental Crisis - 

Reality vs. Media", and PMBSNU includes "Global Environmental Change and 

Environmental Management in the EU" and "Strategies of Sustainable Development." This 

indicates a focus on preparing students to tackle contemporary environmental problems. 

At the same time, key differences between educational programmes can be distinguished. 

Key Differences: 

• Course Specificity. The University of Prešov curriculum appears to offer more specialized 

courses within specific ecological domains. For example, there are dedicated courses on 

"Limnoecology", "Soil Ecology", "Lichen Ecology", "Ecology and Biodiversity of Insects", 

"Ecophysiology and Stress Physiology of Plants", "Ecology and Biodiversity of Parasites", 

and "Ecology and Biodiversity of the Soil Animals". While PMBSNU covers a broad range 

of topics, it may not delve into such specific ecological niches with dedicated courses. 
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• Inclusion of Specialized Skills. The University of Prešov curriculum includes courses 

focused on specific skills such as "Geographical Information System (GIS)," "Analytical 

Chemistry," and "Statistic 2". These courses provide students with technical competencies 

that are highly relevant to ecological research and environmental management. While 

PMBSNU includes "Geoinformation Systems in Ecology," the level of specialization in 

analytical chemistry and statistics is less clear from the provided data. 

• Focus on Applied Ecology and Management. The PMBSNU curriculum seems to place a 

stronger emphasis on applied ecology and environmental management, with courses like 

"Ecological Management and Audit," "Technologies of Environmental Protection," and a 

focus on environmental policy and modeling. While the University of Prešov includes 

elements of this, the specialization seems to lean more towards specific ecological areas. 

• Language Training. The University of Prešov curriculum explicitly includes "English 

Language 3", recognizing the importance of English proficiency in the field of ecology. 
While language skills are undoubtedly valuable in any programme, they are not explicitly listed 
as a separate course in the PMBSNU curriculum.

2", which is a rather unique inclusion. While biodiversity is covered in both programmes, the 
• Beekeeping Courses. The University of Prešov includes "Beekeeping 1" and "Beekeeping 

specific focus on beekeeping is distinctive to the University of Prešov curriculum. 

In conclusion, both the University of Prešov and PMBSNU curricula share a common 

foundation in ecological principles and environmental science, but they also exhibit notable 

differences in course specificity, the inclusion of specialized skills, the balance between 

theoretical and applied ecology, and the level of detail provided about individual courses. 
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3.3. BACHELORS-ENVIRONMENTALISTS 

EDUCATIONAL TRAINING ON THE 

EXAMPLE OF UKRAINE AND POLAND 

More than 20 years have passed since Ukraine launched the reform of higher education, taking the 

direction of European integration. The specifics of recent years are the purposeful compatible 

activities participating in the Bologna process (now already 47) with the formation of the European 

unified educational space. One of the most important modern features of the development of higher 

education is the integration of national systems of preparation of specialists of different directions that 

happens by addressing common challenges and the implementation of agreed educational policy at the 

regional and international levels. Integration processes in the respective directions are introducing 

European norms and standards of education and promoting mutual scientific and cultural 

achievements. In general, these kinds of steps must lead to an increase in Ukraine of European 

identity. 

Analysis of integration trends in higher education in Ukraine in recent years is filed in numerous 

writings of scientists: Dobko et al., 2014; Holovchuk А. et al., 2007; Rashkevych, 2014; Bulgakova 

and Rahmanov, 2011; and etc. For comparative analysis of the training future, the environmentalists 

in universities of Europe are dedicated to the publication of Bogolyubov, 2014; Kofanova, 2012;  

Mariychuk, 2020; Ridej, 2011; Rudyshin, 2008; Slivka et al., 2016, and etc. 

The aim of the research is to clarify the priority ways of integrating domestic experience bachelors-

environmentalists into European higher education on the example of Ukrainian and Polish high 

schools. 

For the realization of the aim, there appeared the need to solve the following tasks:  

• outlining the specifics of the development of national higher education under the conditions of 

European integration;  

• comparative analysis of curricula for bachelor’s environmentalists; 

• defining features of the national system of training environmentalists;  

• identification of the specific preparation of environmentalists in Polish high school;  

• to provide high-quality training of students, their mobility, and the competitiveness on the labor 

market to determine possible aspects of implementing the generalized environmental training. 

Materials and methods are analysis of the development of the higher education trends, comparison of 

the bachelors’ ecologists’ professional training, and synthesis of the results of research into vertical 

(historical) and horizontal (functional) scopes. 

Domestic higher education has a profound positive tradition and remains a powerful factor in the 

development of culture in society and the formation of productive forces of the country. Having the 

unique function of all aspects of culture in society, higher education should be supplemented by 

innovative European experience based on a combination of the best national traditions and European 

trends concerning the training of students' youth. 

We delineate the modern conditions of development of the national higher education that are specific 

and affect the quality of the preparation of graduates. 

Over the past decade, higher education has become the nature of the masses and has ceased to be an 

elite. The number of universities and students in Ukraine in recent years has increased several times. 
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In Poland today there are more than 450 institutions that provide higher education to over 2 million 

students. 

The mass of higher education has led to the fact that the universities began to "fight" for the applicant 

and, in this way, faced the situation worsening as the knowledge of the students. The situation of mass 

higher education has led to a decrease in requirements for the training of students. The training of 

specialists is a multi-faceted creative process, which requires depth, foundation, completeness of 

acquired knowledge, and the formation of a complex of competences, which are now taken into 

account while creating a regulatory framework for training bachelors and masters. 

The rhythm of the present time is in need of constant change of job searches outside his own 

specialty, and this requires graduates of such skills as mobility, i.e., the ability to continuously learn 

and the ability to quickly switch to work in other areas of knowledge. Thus, it acquires the relevance 

of education for all life, and one of the main tasks of higher education displaces the emphasis on 

assimilation and formation of ready knowledge and training the student to study. 

We describe some of our views, advantages, and disadvantages of national education for a 

comparison of the educational process for bachelor environmentalists and the implementation process 

of the harmonization of educational programmes. 

Thus, the competitive advantages of national system of training specialists are: the best humanitarian 

training of students; until recently, the presence of common to all State standards of training, which 

provides a consistent curriculum, and universities have eligible for selective part which takes 

universities the regional aspect of the education’s content of professionals and provides universities 

with a specific academic autonomy; a certain conservatism of the contents of fundamental training 

and the use of traditional forms, methods of teaching and presentation of educational material, which, 

in this way, laying the basis for further professional mobility, creates conditions for sufficiently high 

competitiveness. However, there are national higher education drawbacks that hamper the 

competitiveness of university graduates in the labor market, namely, on a background of chronic 

underfunding, the inhibition of the scientific research of universities, the lack of a single effective 

state policy in the field of science and transposition "on the shoulders" of the universities funding 

research and insufficiently effective use of modern information technologies in the educational 

process. 

However, according to modern economic and political conditions, the higher education national 
system is taking a course on the harmonization of the educational training specialist’s programmes. 
Consider this particular question for the specialty "Ecology, Environmental Protection, and Balanced 
Nature Use". In the Polish academy, the similar direction has a name: "Protection of the 
Environment” ("Ochrona srodowiska”). A comparison of curricula’ elements for bachelors in Petro 
Mohyla Black Sea National University (Ukraine) for the direction "Ecology, Environmental 
Protection, and Balanced Nature Use" and Pomeranian Academy (PA) in Slupsk (Poland) for the 
direction "Protection of the Environment” is given in Table 3.7.

Comparative analysis of the curricula shows that the number of disciplines that are studied by students 

of the two universities at different training times is the same. However, there is no denying the fact 

that the number of disciplines of mathematics and science training in Ukrainian university compared 

with PA are considerably less. In the Polish University, the courses of the humanitarian and socio-

economic training are full of absence. There is the trend of uniform ratio of fundamental disciplines 

with professionally designed courses. We have to conclude about the purely aimed at professional and 

practical training of students in Poland. 

A features of bachelor’s preparation in the Polish university is the lack of humanitarian and socio-

economic education; learning content is characterized by a profound fundamental science research 

component with significant biological courses in particular. The fundamental natural science 

component covers such substantive modules as Mathematics and Physics (9 credits/270 hours), 

Chemistry and Biochemistry (16 credits/480 hours), Biology and Microbiology (23 credits/690 

hours), Ecology and Nature Conservation (15 credits/420 hours), and Earth Science (15 credits/450 

hours). 
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Table 3.7. Comparison of the curricula for bachelors-environmentalists in Petro Mohyla Black Sea 

National University (Ukraine), and Pomeranian Academy in Slupsk (Poland). 

 

University Training 

period 
The total 

number of 

disciplines 

The number 

of disciplines 

in 

humanitarian 

training 

The number 

of disciplines 

(hours) of 

mathematics 

and science 

training 

The ratio of 

disciplines of 

mathematics 

and science 

and 

professional 

and practical 

training (%) 

The number 

of 

disciplines 

in a 

semester 

Petro 

Mohyla 

Black Sea 

National 

University 

3 years 

10 

months 

55 6−10 15 
(2376 hours) 

31/69 6–10 

Pomeranian 

Academy 
3 years 55 − 28 

(2670 hours) 
49/51 8−12 

The fundamental natural-scientific part of the training of the students-environmentalists in Petro 
Mohyla Black Sea National University consists of the following substantive modules: Mathematics 
and Physics (10.5 credits/378 hours), Chemistry with the Fundamentals of Biogeochemistry (9 
credits/324 hours), Biological Disciplines (22 credits/792 hours), General Ecology (6 credits/216 
hours), and Earth Science (20 credits/720 hours). 

Analyzing the content of fundamental training in the two universities can be choosing its shared 
characteristics, namely: a significant emphasis on the study of biological modules (in terms of 
educational and variety of courses) and almost the same amount of mathematics and physics training 
time. So, quite a powerful biological fundamental preparation of environmentalists in PA covers the 
following disciplines: Botany (6 credits), Zoology (6.5 credits), Biodiversity (3 credits), 
Environmental Microbiology (5 credits), Genetics (1 credit), and Biogeography (1 credit). The 
biological component of the curriculum training ecologists at Petro Mohyla Black Sea National 
University is presented in the following courses: Biology (6 credits), Fundamentals of General 
Microbiology (4 credits), Basics of Hydrobiology (4 credits), and Biometrics (8 credits). 

The chemical component of the environmentalists’ training has significant differences. So, for the 
students of PA, it is different of fundamental breadth and variety and is consistent in the logical study 
of a number of courses. In Pomeranian Academy, among the chemical disciplines’ courses are 
represented: General and Analytical Chemistry (5 credits), Organic Chemistry (5 credits), 
Environmental Chemistry (3 credits), and Biochemistry (3 credits). Then, as a chemical fundamental 
component in Petro Mohyla Black Sea National University, just one discipline, "Chemistry and the 
Fundamentals of Biogeochemistry", is represented, the study of which is devoted to 9 credits.  

Chemical training in PA is provided to form competencies, which we can combine with the following 
descriptors: theoretical knowledge of basic sections of chemistry (inorganic, analytical, organic, and 
biological); basic knowledge of the specialized sections of chemistry, particularly environmental 
chemistry; and practical skills and skills in carrying out laboratory experiments, working with 
reagents, and using instruments of physical-chemical methods of analysis. Therefore, the chemical 
preparation of bachelors in ecology at the Polish university is thorough and diverse and corresponds to 
the basic requirements that are proposed for the formation of professional and practical competency 
training of future specialists in the field of environmental protection. 

Discussing the results of students’ training through the formation of certain competencies, it is 
necessary to note the overall integrated nature of the "competence" notion regarding the definitions of 
"knowledge", "ability", and "skills". Generally defined, the result of the learning is the formation of 
certain types of competences, which, by the European TUNING project definition, cover the 
knowledge and understanding of, the knowledge of how to operate, and the knowledge of how to be. 

In the context of modern education, particularly within the framework of the European TUNING 
project, competence encompasses three key dimensions: 
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• knowledge and understanding – a deep theoretical and conceptual grasp of a subject area that 
enables critical thinking and problem-solving. 

• knowledge of how to operate – the ability to apply theoretical insights in real-world scenarios, 
demonstrating practical proficiency and adaptability in professional and academic settings. 

• knowledge of how to be – the development of personal and social attributes, including ethical 
responsibility, self-awareness, and the ability to collaborate effectively in diverse environments. 

Thus, the learning process should not be limited to the transmission of factual information but should 
focus on fostering the ability to integrate, apply, and further develop knowledge in a meaningful and 
contextually relevant way. This holistic approach ensures that students are not only well-prepared for 
their future careers but also capable of lifelong learning and adaptation to evolving societal and 
professional demands. 

The "competence" notion covers not only cognitive and operational technological components but 
also motivational, ethical, social, and behavioral sides (results of education are the system of 
knowledge, skills, and value orientations). In the formation of competences, lead roles play not only 
the content of the training courses but also an educational environment of universities, the 
organization of the educational process, educational technology, including the independent work of 
students, etc. 

Professional and practical competences of students-environmentalists are resistance to fundamental 
knowledge of laws, principles, and structural and functional organization of ecosystems of different 
levels; skills to analyze, classify, and systematize to determine the function of the environmental 
objects’ existence from the position of balanced rational nature management; the ability and skills to 
monitor the individual components of the ecosystem and its components using a variety of methods; 
and the ability to make decisions and organize management in the field of environmental activities 
(Mitryasova, 2012). 

Studying the organization of the educational process, it may be noted that the preparation of the 
environmentalists in the two universities is different conceptually. So, in the Ukrainian university, it 
has a purely general ecological direction, whereas in Poland, it has practical conservation. 

The first direction carries accents to study issues such as the organization of ecosystems, dynamic 
equilibrium in the biosphere, and the environmental problem. It is characterized by versatility and 
multidimensionality, compiling the study of general and global ecology, fundamental problems, 
ecological safety, control and management of environmental quality, the use of population and 
ecosystem approaches in ecology, and natural, regulatory, legal, and economic bases of consideration 
and solving environmental problems. The second direction is directed to the question of the 
environment, analysis of anthropogenic effects, and techniques and tools of rational nature 
management. This direction is more practical orientation training; the content of the training courses 
is aimed at the study of methods, techniques, and instruments measuring the composition and 
properties of the various components of the environment; quality standards for the components of the 
environment, and technology and engineering in the field of nature conservation. 

Therefore, comparing the curricula and also learning content for students-environmentalists in the 
universities, it can be noted that there are common characteristics and differences in the training of 
future specialists on environmental protection. The coordinated system of education in PA is in 
constant dynamic; however, the system of education in Ukrainian university is at the stage of 
transition to European standards and harmonization of educational programmes while maintaining the 
humanitarian, socio-economic, and fundamental-nature components of the training. We note the fact 
that a number of projects within the framework of the European Union allow the student to learn a 
part of training in European countries, which encourages the growth of knowledge and skills, 
improving the mobility of graduates. 
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3.4. INTEGRATING A WATER SECURITY 

COURSE AS AN EDUCATIONAL MODULE 

TO ACHIEVE SUSTAINABLE 

DEVELOPMENT GOALS 

 

Improving the content of education as a strategic priority and a key direction of higher education 

reform was evidenced by the 2015 Yerevan Communiqué, the Paris Communiqué of 2018 (the core 

mission of the Bologna Process and the main objective of structural reforms have been to ensure and 

enhance the quality and relevance of learning and teaching) and recently reaffirmed by the Rome 

Communiqué of 2020, inter alia, through the adoption of “Recommendations to National Authorities 

to Improve Teaching and Learning in higher education in the EHEA ”(Recommendations to National 

Authorities for the Enhancement of Higher Education Learning and Teaching in the EHEA) 

(Ministerial Conference Yerevan, 2015; Ministerial Conference Paris, 2018; Rome Ministerial 

Communiqué, 2020). 

According to the priorities of the Rome Communiqué and the Recommendations on National / 

Government Support / Action to Improve Higher Education Teaching and Learning in EHEA, 

Ukrainian higher education institutions should improve teaching and learning in the context of 

student-centered and competence-based approaches, paying tribute to innovation and structured 

dialogue with stakeholders, taking into account data empirical research and scientific research (Rome 

Ministerial Communiqué, 2020). The methodology of content formation is a complex problem 

(Cheung and Slavin, 2016; Hokayem, et al., 2015; Hokayem, et al., 2016). The content of education is 

a system of scientific knowledge, practical skills and abilities, as well as ideological and moral-

aesthetic ideas that need to be mastered during the learning process (Mitryasova, 2020; Mitryasova 

and Pohrebennyk, 2020). 

Objective factors influencing the education content include:  

•   the level of science and technology development, accompanied by the development of new 

theoretical ideas and significant changes in the improvement of technology. For example, the content 

of natural education required changes in the development of molecular biology, genetic engineering, 

green chemistry, etc.;  

•   the needs of modern society in the training of the younger generation (what it should be, what 

qualities they should have, etc.);  

•   the direction of state policy. 

The historical development of differentiation and integration processes shows that science itself has 

identified the means and methods to overcome the limitations of a disciplinary approach. The 

alternative approach, known as integrated or interdisciplinary, involves various forms of scientific 

knowledge integration. These range from using concepts, theories, and methods of one science in 

another to the emergence of the systems method in the XX century. Today, the latter acquires special 

significance because it allows us to consider objects and phenomena in their relationship and integrity. 

So, one of the leading trends in the development of science is integration. Integration processes in 

science are manifested in the following forms: organization of research on the border of related 

scientific disciplines; development of scientific methods that are important for many sciences; search 
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for general theories, principles, which could be reduced to an infinite variety of natural phenomena 

(for example, the hypothesis of "Great Union" of all types of fundamental interactions in physics, 

global evolutionary synthesis in biology, physics, chemistry, etc.); development of theories that 

perform general methodological functions in science (general systems theory, cybernetics, 

synergetic); changing the nature of the tasks solved by modern science − they become complex, 

require the participation of several disciplines (for example, environmental issues) (Ampatzidis and 

Ergazaki, 2017, 2018; Bezsonov et al., 2017; Cheung et al., 2016; Hokayem et al., 2015; Hayaam, and 

Gotwals, 2016; An Integrated Approach to Learning, Teaching & Assessment, 2017). 

The process of Ukraine's accession to the single European space and the signing of the Bologna 

Convention provides for the modernization of the content of higher education, a change in its 

philosophy. The culture of the XXI century ceases to be sectorial because now its development is 

under the sign of integration when a new type of professional must be formed, focused on innovation 

and addressed to the interests and values of man and society. The philosophy of the educational 

process of the XXI century aims at systemic pluralism, the dialogue of different concepts, the 

complementarity, mutual enrichment of different positions, and the infinite space of opportunities for 

teachers and students (Menashy and Verger, 2019; Ministerial Conference Yerevan, 2015; 

Mitryasova, et al., 2017; Mitryasova, and Pohrebennyk, 2017; Sovhira, and Dushechkina, 2018). 

Therefore, the higher school faces the task of training a new generation of professionals who must 

meet today's requirements. Education in natural sciences has great potential to directly address 

sustainable development issues and environmental issues. The content of natural education is focused 

on integrated courses, the search for new approaches to structuring knowledge as a means of holistic 

understanding and cognition of the world. So, the research focus is a need to reorient curricula to 

introduce issues developed based on an integrated approach (Mitryasova and Pohrebennyk, 2020; 

Mitryasova et al., 2020; Munawaroh, 2017; Nesgovorova and Savinykh, 2009; Pawley, 2019; Rider, 

et al., 2013). As an example of how the content of natural education through the didactic system of an 

integrated approach solves the issues of understanding sustainable development, we have created an 

interdisciplinary training course. 

The purpose is the creation of an effective didactic system through the integrated approach of a 

natural education, for example, of water security course with a special emphasis on professional 

orientation. The object is the natural education content of the students’ preparation process, namely, 

students’ training in the environmental specialty. The subject of the research is the content of the 

interdisciplinary course on water safety for students of environmental specialties of universities. 

Using partial scientific methods (component analysis of ecological knowledge, postoperative analysis 

of subject skills, etc.), general scientific methods (educational experiment, etc.), organizational, 

empirical, and mathematical statistics determined the principles of selection of educational material, 

created the content of an integrated training course, staging an educational experiment, summarized 

its results, and analyzed the data. 

To evaluate the completeness of students’ knowledge and skills were defined by the ratio of the 

number of notions applied by students to the number of definitions that can be used. The tasks were 

based on the students‘ ability to reproduce the educational material. The completeness of the 

knowledge was quantitatively measured by the knowledge acquisition coefficient. The Equation 3.1 

was used for this: 

        %100
Nn

N
K

i
=


 ,                                                                                                   (3.1) 

where, n – the total number of students who performed work;  

∑N – the number of correct answers in the test; 

∑Nі – the number of correct answers of students. 
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Principles and meaningful lines of the integrated approach to students-environmentalists teaching are 

defined. The principles of selection and structuring of educational material for the preparation of 

students-environmentalists are defined and substantiated. 

These are the principles: 

• systematic (systemic factors are the goal of natural education in the context of the integrated 

approach, leading laws and theories, basic categorical concepts, principles of natural science, and 

objects of study); 

• interdisciplinary connections; 

• fundamentalization; 

• professional orientation of the education content; orientation of the content of training to the 

disclosure of environmental problems, such as climate change, sustainable development, and the 

environmental status of water resources (Bezsonov et al., 2017; Mitryasova and Pohrebennyk, 2020). 

The integrated approach to education is a special type of designing its content that opens the system of 

interdisciplinary communications, and it also coordinates, unites, and systematizes knowledge about 

the main natural-science theories, basic categories, and principles of the modern natural-science 

picture of the world. 

Levels of the integrated approach implementation are internal disciplinary and interdisciplinary of 

knowledge, and the highest level is methodological synthesis (Fig. 1). Internal and interdisciplinary 

integration is being implemented through selection into the content of education the facts, concepts, 

laws, methods, theories according to specialization and humanization. Dialectic categories are set off 

at the level of methodological synthesis, for example, unit, system, structure, element, cause, 

consequence, content, form, causality, randomness, pattern, etc. 

The teaching course for master’s students in Environmental Science covers the main topics, such as 

water resources, water quality, climate change, integrated water management, water policy, and law 

issues. 

First of all, the training course presents European practices in the water security field. The content is 

constructed according to the leading aspects of the concept of sustainable development, namely the 

ideas of integration of knowledge to make optimal management decisions. The latter is based on the 

environmental imperative, ideas of co-evolutionary development of humans, society, and nature, 

urgent problems of climate change and issues of environmental pollution, and ideas of responsibility 

for the quality of the environment, in particular water resources (Mitryasova and Pohrebennyk, 2017). 

The course helps students to learn effectively about the evolution of integrated water and 

environmental management of the European Union, thus developing their awareness of the issues of 

European studies. 

The course constructs on an interdisciplinary basis and covers key elements of the strategy for 

sustainable development and European experience in the field of the environmental water resources 

policy (Mitryasova et. al., 2020; Mitryasova and Pohrebennyk, 2020). The course includes such issues 

as water resources, climate change, water monitoring, water pollution control, water management, 

water quality, water purification, and European practices of water policies. As an interdisciplinary 

course, this one focuses on the integration of environmental policy requirements into other policy 

areas. Also, the course compresses the international dimension, with the role of the EU in 

international environmental motions (e.g., Kyoto Protocol, UNESCO Roadmap for Implementing the 

Global Action Programme on Education for Sustainable Development, Sustainable Development 

Strategies), the International Water Security Network, and so on, and the impact of European policy 

on other regions of the world (Table 3.8). 

The course is interdisciplinary and connects the policy and tools of water monitoring and 

management, principally addressing EU and Ukraine practices of water quality, water resources, 

biodiversity, and fisheries and their progressive integration. 
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Students’ learning outcomes: 

• to understand the difference between policies and tools of the EU and Ukraine for water 

monitoring and management; 

• to explain goals and the system of water management at national, regional/EU, and global levels; 

• to understand and articulate key ecological challenges to water management; 

• to articulate an understanding of the evolution of systems thinking, ecosystems thinking, the 

ecosystem approach, and ecosystem services, and the implication of this for the continued evolution 

of integrated water and environmental management contexts;  

• to understand and use topical and correct terminology related to environmental management in the 

field of water security; 

• be able to conduct analysis, synthesis, creative reflection, evaluation, and systematization of 

various information sources in researching the field of water security; 

• to use of information sources about global instruments and multilateral environmental agreements 

as well as EU environmental policy in the field of water security; 

• to know of the basic principles, types, methods, and means of environmental water monitoring and 

their ability to assess and predict the state of the objects of the environment; 

• to understand and explain the influential quality of water to health, research and development, 

water security, and other cross-cutting issues; 

• to understand the water management system and procedures for activities of enterprises to water 

security, its functions, and tasks at the global and national levels; 

• to know the latest advanced technologies and innovations in the field of water security; 

• to discuss the evolving policy and tools of water monitoring and management, principally 

addressing EU and Ukraine practices of water quality, water resources, biodiversity, and fisheries and 

their progressive integration. 

Due to the peculiarities of the research tasks in the educational experiment, there were no control 

groups. This is because we investigated the completeness of the acquisition of knowledge of the new 

content of educational material based on our programme. Creating control groups, where this content 

is not studied, would be inappropriate. 

A test of knowledge was used to assess how well students mastered the content of educational 

material. The test included questions at the reproductive level, focusing on the key concepts of the 

training course. 

The coefficient of knowledge completeness was determined using Equation 3.1. A coefficient of 0.6 

was set as the lower limit for satisfactory level of knowledge. Based on the obtained data, quantitative 

analysis of the results was carried out annually over three years, and the average results were derived. 

The findings show that students thoroughly assimilated the selected educational material, with an 

average coefficient of 0.85. 

To test the strength of knowledge and determine the degree of forgetfulness, a slice of knowledge was 

performed two weeks after studying the course. The coefficient of knowledge strength was defined as 

the ratio of the number of elements of knowledge that remained in the memory of students after some 

time to the sum of the elements of knowledge contained in the test. It is established that more than 

half of the knowledge remains in the memory of students. It is determined that the degree of 

forgetfulness is 3−5% of the previous ones. 
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Table 3.8. The main content of the course. 

№ Topic Main issues of the topic 

1. The role of the EU in international 

environmental motions (e.g., Kyoto 

Protocol, UNESCO Roadmap for 

Implementing the Global Action 

Programme on Education for 

Sustainable Development, 

Sustainable Development 

Strategies). 

History of the formation of the EU environmental 

foundation; the EU's place in international 

environmental law; EU institutions in the field of 

environmental protection; legal support for the concept 

of “sustainable development” in the EU. 

2. The strategies of EU environmental 

policy. 

General characteristics of EU environmental policy; 

the United Nations Environment Programme; UN 

climate conferences and the EU position; United 

Nations Environment Programme (UNEP), UN 

Climate Change Conferences: Bali, Poznan, 

Copenhagen, Cancún Transatlantic relations and 

climate change / EU & US relations on environmental 

issues. 

3. Water and development in Europe: 

environmental sustainability as a 

precondition of European 

environmental policy and its best 

practices in water monitoring. 

Water in numbers and facts; water Framework 

Directive as the main document for water monitoring; 

status of water resources; types of state water 

monitoring; a new order of water monitoring in 

Ukraine; comparative analysis of the monitoring 

format: as it was and how it will be; European 

experience in water monitoring. 

4. Implementation of sustainable 

development programmes in post-

Soviet countries. 

Characteristics of sustainable development content 

from the UN’s views; the role of ecological security in 

sustainable development; environmental security of 

aquatic ecosystems: priority factor in development; 

assessment of environmental component in the region's 

development; effectiveness of the implementation of 

sustainable development programmes in the post-soviet 
countries. 

5. Water resources, water quality and 

climate change. 

The water-resource potential of the hydrosphere; 

distribution of water resources; water resources of 

Ukraine; factors of formation of water composition; 

properties of natural waters; general requirements for 

drinking water quality in the world; requirements for 

water quality in Ukraine; drinking water and human 

health; adaptation to climate change. 

6. Integrated water management: 

challenges for the 21st century. 

Water is the matrix of life; regional aspects of water 

supply: history question; characterization of water 

treatment stages; EU experience. 

7. Water policy and law: a 

comparative analysis of European 

and Ukrainian practices. 

Water is the global agenda of the United Nations; 

integration is a key trend in water management; 

integrated flood risk management; integrated water 

resources management by basin principle. 
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8. Urban water services: practices of 

developed European countries. 

Water supply systems: circulating water supply, 

centralized drinking water supply, local or 

decentralized water supply, cold and hot water supply, 

Ukrainian experience of normalization of drinking 

water quality, where can we drink tap water, 

experience of EU, drinking water quality standards in 

Ukraine and EU countries. 

9. Basics of freshwater ecology. The 

best practices in water purification 

in the EU member states. 

Water policy on the definition of international waters; 

international water management experience; a sphere 

of EU influence on water policy formulation; 

principles of sustainable water management in 

Ukraine. 

10. Challenges for Ukraine in water 

security policy and practice due to 

association with the EU. 

The water footprint of the country; the Urban Waste 

Water Directive; urban wastewater treatment plants; 

urban sewage treatment technology; the Marine 

Strategy Directive; the Drinking Water Directive; the 

Flood Directive; the Nitrate Directive. 

 

Thus, in the process of forming students' knowledge, the tendency to increase their educational 

activity, interest in carrying out independent scientific research, and expressing original views on 

environmental issues discussed during classes was determined. 

A didactic system of an integrated approach has been created, which has shown fairly high efficiency. 

This system covers the principles of selection of educational content and levels of implementation of 

the integrated approach. The study has proved the didactic effectiveness of the integrated approach to 

the form of content of the natural science course of water security. The course is interdisciplinary and 

connects the policy and tools of water monitoring and management, principally addressing EU and 

Ukraine practices of water quality, water resources, biodiversity, and fisheries, and their progressive 

integration. The coefficient of completeness of knowledge was determined. It is proved that the 

selected educational material is quite fully assimilated by students, as evidenced by the average 

coefficient of 0.85. 

The integrated approach itself extrapolates all modern processes of the development of scientific 

knowledge and is relevant in the formation of the content of natural education in solving issues of 

students' understanding of sustainable development. The prospect of further research activities is to 

improve the theory and practice of the integrated study of natural courses based on the developed 

conceptual provisions of the education content integration and also to improve the methodology of 

assessing the quality of students' knowledge during the study of integrated courses. 
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3.5. EDUCATIONAL COURSE 

“EUROPEAN GREEN DIMENSIONS” IN 

PREPARATION OF ECOLOGISTS  

 

Among the list of foreign policy guidelines of Ukraine, the intention to integrate into the 

European Union (EU) is declared, which sets the task of gradually harmonizing the national 

strategy of action with the European standards. Ukraine has to adopt more than 30 EU 

Directives and Regulations on environmental protection. Among the priorities of the 

movement of Ukraine to the EU there are directives and regulations concerning sustainable 

development goals, namely the issue of green dimension especially in the context of climate 

change. To date, Environmental security is one of the priorities of countries' development 

towards achieving the goals of sustainable development (SDGs). The latter is the goal of the 

roadmap for the implementation of environmental policy both in the EU and in Ukraine, as a 

country that has set a course for European integration in terms of implementing programmes 
le development of society. Green initiatives; green aimed at national security and sustainab

roadmap; adaptation to the effects of climate change in the framework of the European green 

dimension; green economy; energy efficiency, renewable energy; water resources 

management: water quality, wastewater treatment; protection of atmospheric air; 

environmental control and monitoring systems; industrial and household waste management, 

eco-friendly technologies, and others remain important and extremely relevant issues of 

directing the national strategy to the European green policy (European Green Deal, 2019; UN 

World Water Development Report, 2022). 

The European Union considers environmental safety as an important component of European 

stability. Green policy is defined as a priority area of cooperation between Ukraine and the 

European Union. Integration of Ukraine into the EU in the field of environmental protection, 

adapting to climate changes, rational management of natural resources, and ensuring of 

environmental security should be achieved through the creation of a harmonized legal, 

regulatory, methodological, and organizational base that should meet the requirements of 

national and European environmental security. Environmental security in the context of 

climate change is one of the priorities of national and European policies to ensure the goals of 

sustainable development. It is important to note that Ukraine has a number of topical 

environmental issues of climate change and, at the same time, has an important role in 

ensuring environmental sustainability in Europe. Actual new challenges are in preparing 

environmentalists and students others educational programmes in the higher education system. 

Therefore, it is extremely important to improve the content of the training of environmentalists 

and students others educational programmes and to ensure specialists’ knowledge. 

Enhancing the content of education has been recognized as a strategic priority and a 

fundamental direction in higher education reform. This commitment was emphasized in key 

international declarations, including the 2015 Yerevan Communiqué, the 2018 Paris 

Communiqué—where ensuring and improving the quality and relevance of learning and 

teaching was identified as a core mission of the Bologna Process and reaffirmed in the 2020 

Rome Communiqué. The latter reinforced these goals through the adoption of the 

Recommendations to National Authorities for the Enhancement of Higher Education Learning 

and Teaching in the EHEA. 

In line with the priorities of the Rome Communiqué and the recommendations for national and 

governmental actions, Ukrainian higher education institutions must strengthen teaching and 
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learning by adopting student-centered and competence-based approaches. These efforts should 

integrate innovation, structured dialogue with stakeholders, and empirical research findings. 

Developing educational content remains a complex challenge. It encompasses a system of 

scientific knowledge, practical skills, and ideological, moral, and aesthetic values that students 

must acquire throughout the learning process. 

Several objective factors shape the content of education, including: 

• Advancements in science and technology, leading to new theoretical concepts and 

technological innovations. For example, the evolution of molecular biology, genetic 

engineering, and green chemistry has necessitated updates in the content of natural science 

education. 

• The demands of modern society, which define the qualities and competencies required for 

the younger generation. 

• State policy directions, which influence educational priorities and reforms. 

The historical development of differentiation and integration in science has demonstrated that 

overcoming the limitations of a purely disciplinary approach is essential. The integrated or 

interdisciplinary approach serves as an alternative, facilitating the synthesis of knowledge 

across fields. Integration in science takes various forms, from applying concepts and methods 

of one discipline to another to the emergence of systemic methodologies in the 21th century. 

Today, systems thinking is particularly crucial, as it allows for a comprehensive understanding 

of objects and phenomena in their interconnectedness. 

A key trend in contemporary scientific development is integration, which manifests through: 

• Research conducted at the intersection of related disciplines. 

• Development of universal scientific methods applicable across fields. 

• Formulation of overarching theories, such as the Grand Unified Theory in physics or global 

evolutionary synthesis in biology and chemistry.   

• Creation of methodologies like general systems theory, cybernetics, and synergetics, which 

serve multiple disciplines.   

• Addressing complex challenges, such as climate change and environmental sustainability, 

that require interdisciplinary collaboration. 

Ukraine’s integration into the European Higher Education Area (EHEA) and its commitment 

to the Bologna Process necessitate the modernization of higher education content and a shift in 

educational philosophy. The culture of the 21st century is increasingly characterized by 

integration rather than specialization, requiring professionals who are innovation-driven and 

socially responsible. The philosophy of modern education emphasizes systemic pluralism, the 

dialogue of diverse perspectives, and the enrichment of knowledge through interdisciplinarity. 

Higher education institutions must train a new generation of professionals who align with 

contemporary global challenges. Natural science education plays a crucial role in fostering 

sustainability and environmental awareness. Consequently, curricula should be restructured to 

incorporate interdisciplinary approaches, integrating sustainability issues within educational 

frameworks. Our research underscores the necessity of curriculum reorientation to reflect 

integrated knowledge structures. As a practical application, we have developed an 

interdisciplinary training course that demonstrates how natural science education, through an 

integrated didactic system, enhances understanding of sustainable development. 
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The purpose of research is the creation of an effective didactic system through the integrated 

approach of a natural education for example of «EUROPEAN GREEN DIMENSIONS» 

course with a special emphasis on professional orientation. 

The object is the natural education content of the students’ preparation process, namely, 

students’ training of the environmental specialty.  

The subject of the research is the content of the interdisciplinary course on «EUROPEAN 

GREEN DIMENSIONS» for students of environmental specialties of universities. 

Using partial scientific methods (component analysis of ecological knowledge, postoperative 

analysis of subject skills, etc.), general scientific methods (educational experiment, etc.),  

organizational, empirical, and methods of mathematical statistics determined the principles of 

selection of educational material, created the content of integrated training course, staging an 

educational experiment, summarized its results and analyzed the data. 

The course «European Green Dimensions» deepens teaching in European Union studies 

embodied in an official curriculum of a higher education institution and provides in-depth 

teaching on European Union environmental security matters for future professionals-

ecologists in the green field which is in increasing demand on the labour market. The Jean 

Monnet Chair has a multidisciplinary character. The one includes knowledge of green 

initiatives; green roadmap; adaptation to the effects of climate change in the framework of the 

European green dimension; green economy; biodiversity conservation; energy efficiency, 

renewable energy; water resources management: water quality and wastewater treatment; 

protection of atmospheric air; environmental land management; environmental control and 

monitoring systems; industrial and household waste management and others.  

The activities equip a wide spectrum of the stakeholders with European experience of this 

knowledge. Thus, it be introducing the introduction of the European Union practices into 

environmental policy and practices in the field of environmental security in Ukraine. The 

course promotes European research and study experience with regard to environmental 

management, instruments, eco-innovations, implementation of environmentally friendly 

technologies in the EU. The attractive and close collaboration with European colleagues 

through mutual participation in research and teaching activities will promote the transfer of 

first-hand experience and practical knowledge, and prepare local academics and young 

researchers for the independent management of future European studies. The course has a 

strong impact on students (bachelors, masters, Ph.D) in Ecology and Environmental 

Management at the Petro Mohyla Black Sea National University as one of the target groups 

through getting knowledge about actual green policy in the field of environmental security and 

best environmental protraction practices. The students and young researchers have a valuable 

learning experience to compare and evaluate national environmental practices with the EU 

experience and impacts of individual member states. The realization of the course in the 

practice of students study will promote future young professionals’ understanding of the EU 

green principles and experience of environmental security and foster transforming the 

economy of Ukraine into EU and also provides teaching/lectures to students from other 

departments (e.g. economics, medicine, etc.) to better prepare them for their future 

professional life, conducts, monitors, and supervises research on EU subjects, also for other 

educational levels such as bachelors training; activities targeting policymakers at the local, 

regional and national level as well as civil society.  

There are main target groups in the project: 1) Master’s, PhD students and young researchers 

in environmental science, and other natural education programmes; 2) Bachelor’s students in 

environmental science, and other natural education programmes; 3) teachers and researchers; 

4) policy-makers, industry experts, representatives of NGOs; 5) pupils. Thus, academic and 

non-academic learners are involved in the project. 
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This study is implemented by Programme EU Erasmus+ Jean Monnet Activities as part of the 

interdisciplinary European studies in Petro Mohyla Black Sea National University. The 

effective didactic system of interdisciplinary knowledge of natural-science courses was 

created.  

Principles, meaningful lines of the integrated approach to students-environmentalists teaching 

are defined. The principles of selection and structuring of educational material for the 

preparation of students-environmentalists are defined and substantiated.  

These are the principles: systematic (systemic factors are the goal of natural education in the 

context of the integrated approach, leading laws and theories, basic categorical concepts, 

principles of natural science, objects of study); interdisciplinary connections; 

fundamentalization; professional orientation of the education content; orientation of the 

content of training to the disclosure of environmental problems, such as climate change, 

sustainable development etc.  

The integrated approach to education is a special type of designing its content that opens the 

system of interdisciplinary communications, and it also coordinates, unites and systematizes 

knowledge about the main natural-science theories, basic categories, and principles of the 

modern natural-science picture of the world. 

Levels of the integrated approach implementation are internal disciplinary and 

interdisciplinary of knowledge and the highest level – methodological synthesis. Internal and 

interdisciplinary integration is being implemented through selection into the content of 

education the facts, concepts, laws, methods, theories according to specialization and 

humanization. Dialectic categories are set off at the level of methodological synthesis, for 

example, unit, system, structure, element, cause, consequence, content, form, causality, 

randomness, pattern, etc. 

The course constructs on the interdisciplinary basis and covers key elements of the strategy for 

sustainable development and European experience in the field of the European green policy, 

environmental security, including the world’s and EU's practices for sustainable development 

and the processes of environmental policy integration. The Chair will cover topical issues that 

contribute to a better understanding of the environmental, economic, social, technological, and 

institutional influencers of current and future global environmental security to achieve the 

goals of sustainable development. In addition, it is planned to develop and study questions 

about climate change, environmental pollution monitoring, the treatment technology, 

environmental quality, the limits of sustainability of the planet, zero carbon emission target, 

the integration of green politics into regional practices. Also, Chair will include issues in order 

to better understanding the European green deal the potential for social and economic 

instruments to drive conservation efforts (Table 3.9). 

Learning outcomes: 

• understand the difference between policies and tools of EU and Ukraine for environmental 

monitoring and management;  

• explain goals and system of environmental management at national, regional/EU and global 

levels;  

• understand and articulate key ecological challenges;  

• articulate and understanding of the evolution of systems thinking, ecosystems thinking, the 

ecosystem approach and ecosystem services, and the implication of this for the continued 

evolution of integrated water and environmental management contexts;  

• knowledge and understanding of EU green policy and its role in a globalized society;  
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• understand and use topical and correct terminology related to the environmental management 

in Ukrainian and English;  

• ability to conduct analysis, synthesis, creative reflection, evaluation and systematization of 

various information sources in conducting research European green policy;  

• make use of information sources pertaining to global instruments and multilateral 

environmental agreements (MEAs) as well as EU environmental policy;  

• knowledge of the basic principles, types, methods and means of environmental monitoring 

and their ability to assess and predict the state of the objects of the environment;  

• understand of the environmental management system and procedures for activities of 

enterprises in order to environmental security, its functions, tasks at the global and national 

levels;  

• knowledge of the latest advanced green technologies and innovations;  

• discuss the evolving green policy and tools, principally addressing EU and Ukraine practices 

of adapting to climate change, natural resources, biodiversity.  

Table 3.9. The main content of the course. 

№ Topic Main issues of the topic 

1. The green initiatives and green 

roadmap. 

The green initiatives and green roadmap. The 

role of the EU in international environmental 

motions (e.g., Kyoto Protocol, UNESCO 

Roadmap for Implementing the Global 

Education for Sustainable Development, 

Sustainable Development Strategies, European 

Green Deal).  

2. The strategies of EU environmental 

policy. 

General characteristics of EU environmental 

policy; the United Nations Environment 

Programme; UN climate conferences and the 

EU position; United Nations Environment 

Programme (UNEP), UN Climate Change 

Conferences: Bali, Poznan, Copenhagen, 

Cancún Transatlantic relations and climate 

change / EU & US relations on environmental 

issues. 

3. Green circular economy Basic principles of circular green economy. 

The history of the issue of resource efficiency 

of the economy. Decoupling as a condition for 

the transition to a circular economy. Circular 

economy action plan. Business models of the 

circular economy. Development of low-carbon 

economy. 
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4. Natural resources, environmental 

quality and climate change. 

A scientific view of our planet and its natural 

resources. Systems that determine the stability 

of Earth. The water cycle as a factor in the 

stability of the biosphere. Circulation of 

nutrients as a condition for the existence of the 

biosphere. Anthropogenic pollutants. Ozone 

layer. The limits of the stability of the planet. 

Tasks regarding zero carbon emissions.  

5. Atmospheric air protection.  Environmental problems of atmospheric air. 

Directive 2008/50/EC of the European 

Parliament and of the Council. European air 

quality index. Copernicus atmospheric 

monitoring service.  

6. Integrated water management: 

challenges for the 21st century. 

Integrated water management: challenges for 

the 21st century. Water and development in 

Europe: environmental sustainability as 

precondition of European environmental policy 

and its best practices in water monitoring. 

7. Sustainable and environmental land 

management.  

Land as a constituent element of a single 

productive force of nature. Scientific aspects of 

the land resources use. Paradigm of land use 

balanced development. State policy on the land 

use balanced development. Doctrine of 

balanced development "Ukraine-2030". 

Innovative forms of land management. Land 

use risk management.  Land market. 

8. Biodiversity conservation. Biodiversity as the main factor in the planet 

stability. Main Directives in the "Nature 

Protection" sector: Poultry and Housing. 

Network of protected areas NATURA 2000. 

Emerald Network. EU Biodiversity Strategy 

until 2030. European experience in the 

development of nature conservation areas. 

Nature Reserve Fund of Ukraine. The impact 

of war on the natural environment. 

9. Energy efficiency, renewable 

energy.  

Energy efficiency and energy saving in the 

European Union. Directive 2009/28EC. Energy 

situation in Ukraine. Target energy efficiency 

programme for 2022−2026. National action 

plan on energy efficiency for the period until 

2030. Concepts of "green" energy transition of 

Ukraine until 2050. Renewable energy sources. 
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10. Industrial and household waste 

management. 

National policy and strategic planning in the 

field waste management. Structure of waste 

generation and main problems in the field of 

waste management. Requirements for handling 

hazardous waste. Control system in the field of 

waste management. Law of Ukraine "On 

Improvement of Settlements". Status of waste 

storage facilities. 

11. The best latest advanced green, 

eco-friendly technologies. 

The best latest advanced green, eco-friendly 

technologies and innovations for sustainable 

development. Green nanotechnology and green 

chemistry. 

12. Zero pollution for the purity of the 

environment.  

Zero pollution for the purity of the 

environment. Concerted efforts towards 

achieving Zero pollution levels by minimizing, 

recycling/reusing of liquid effluents, gaseous 

emissions and hazardous solid wastes. 

13. Energy and resource efficient 

construction. Policy options to 

promote green buildings. 

Evolution of approaches to nature 

management. Energy efficiency of 

construction objects. Environmental 

characteristics of building materials and 

products. Product life cycle. Building ecology. 

Objectives of green construction. Features of 

the development of construction services in the 

EU. Green bond market in the world. 

14. European best environmental 

practices: air, water, soil, waste 

management. 

The main environmental problems of 

atmospheric air. "Greenhouse effect" of the 

atmosphere − the cause of climate change and 

methods of fixing greenhouse gases. 

Agriculture and methods of reducing 

greenhouse gas emissions. The main 

environmental problems of water resources. 

Sources of pollution of the World Ocean and 

inland waters. Wastewater treatment methods.  

World innovative practices of water 

preparation and rational use of water resources. 

Soil resources of the Earth and the main 

ecological problems of soils. Promising 

practices of soil protection. Current practices 

of processing and disposal of waste.  

15. Challenges for Ukraine in green 

policy, and practice due to 

association with the EU. 

The path to climate neutrality of Ukraine: 

challenges for Ukraine. "Growth points" of 

Ukraine in the EEC. Basic principles for 

reliable and successful "green" reconstruction. 

Sectoral challenges and opportunities. 

           

As far as the project impacts bachelor, master, and PhD students, young researchers, and 

teachers from PMBSNU, who automatically come into contact with European studies, as well 

as manager professionals and industry experts from all over Ukraine, and also pupils it is 
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expected to have strong feedback from all participants/learners of the project during and after 

the teaching period. At the end of every teaching course, the final test has been. The final test 

has 40 questions, which mathematically accurately determine the coefficient of completeness 

of the student's knowledge, as the ratio of the number of correct answers to the total number of 

questions. The results of success will be considered satisfactory if the coefficient of 

completeness of knowledge is more than 60 percent. The results were quantitatively processed 

annually over a three-year experiment, and the average values were derived. The findings 

demonstrate that the chosen educational material was effectively mastered by the students, as 

indicated by an average knowledge completion coefficient of 0.87. 

After the course, its participants were offered an anonymous questionnaire, which asked 

questions about the quality of the presentation (indicators, that will be used: relevance of the 

topic, completeness of the material, methods, and forms of presentation of 

educational/scientific information on a scale of 2 (unsatisfactory), 3 (satisfactory), 4 good), 5 

(excellent), and there were open-ended questions about further recommendations and 

suggestions for improving the course.  

The survey results show a high level of satisfaction among participants regarding various 

aspects of the course. The dominant purple bars indicate that most respondents rated the 

course with the highest score (5). Key aspects such as well-structured materials, clarity of 

explanations, relevance of information, engaging activities, and practical assignments received 

overwhelmingly positive feedback. The majority of learners found the course informative, 

well-organized, and beneficial for their knowledge and skills development. A small portion of 

respondents rated certain aspects with a score of 3 or 4, suggesting minor areas for 

improvement. These could relate to personal preferences, expectations, or individual learning 

styles. However, negative feedback (scores of 1 or 2) is nearly absent, showing that 

dissatisfaction was minimal. Notably, the aspects related to practical applications, real-world 

relevance, and accessibility of course materials were rated highly, reinforcing the course’s 

effectiveness. This suggests that participants not only enjoyed the theoretical content but also 

found the practical components valuable. Overall, the survey reflects a successful learning 

experience, with the vast majority of participants feeling that the course met or exceeded their 

expectations. Minor refinements could enhance engagement further, but the general perception 

is highly positive (Fig. 3.3). 

The survey results show that the most influential factor in choosing this course was trust in the 

project team (70.5%). The uniqueness of the course topic was the second most important 

factor, influencing 62.3% of respondents. Recommendations from other participants played a 

role for 27.9% of respondents, while the lecturer’s personality influenced 14.8%. Other 

factors, such as interest in the topic, its relevance, and the availability of certification, were 

chosen by only 1.6% of respondents each. This suggests that credibility and content originality 

were key motivators for enrollment. 

The survey results indicate high satisfaction with various course elements. The majority of 

respondents rated all aspects with a 5, as represented by the dominant purple bars. The 

registration page, video lectures, visual design, email notifications, and chat participation all 

received overwhelmingly positive feedback, suggesting that these features met or exceeded 

expectations. A small percentage of participants gave ratings of 3 or 4, indicating that while 

the course elements were generally well-received, some minor improvements could be made. 

Ratings of 1 and 2 were minimal, showing that dissatisfaction was rare. The video lectures and 

chat participation were among the most highly rated aspects, highlighting their importance in 

the learning experience. Visual design and email notifications were also well-received, 

suggesting an effective and user-friendly course structure. Overall, the results reflect a well-

organized and engaging course, with only slight room for refinement in specific areas based 

on individual preferences (Fig. 3.4). 
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Fig. 3.3. Educational course evaluation. 

 

 

Fig. 3.4. Evaluation of the educational course elements. 

In summary, the overwhelming majority of participants were satisfied with the course, 

with a small percentage expressing partial satisfaction. This suggests that the course 

was generally successful in meeting the expectations of those who took it. The most 

significant portion, 91.8%, indicates that the course "Fully met expectations," 

suggesting a high level of satisfaction among the respondents. A smaller fraction, 

8.2%, reported that the course "Partially met expectations." Notably, no respondents 

indicated that the course "Did not meet expectations" at all. 

The responses to the question "What did you like most about the course?" highlight 

several key aspects that participants found valuable. The most prominent theme is the 

relevance and depth of the course content. Many respondents praised the topicality of 

the subjects covered and the thoroughness of their presentation. This suggests that the 

course effectively addressed current issues and provided comprehensive insights. 

Another significant point of appreciation was the accessibility and convenience of the 
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learning materials. Participants favored the video lectures and well-structured course 

materials, which facilitated understanding and knowledge acquisition. The availability 

of recorded sessions on Facebook was also highly valued, allowing for flexible 

learning. Furthermore, the practical application of the course content was noted, with 

one participant mentioning its direct relevance to their teaching disciplines. The 

modern and up-to-date information provided on contemporary ecological problems 

was also a highlight, indicating that the course kept pace with current developments.  

So, the course was well-received for its relevant and in-depth content, accessible 

materials, and practical applicability, catering to the diverse needs and interests of its 

participants. 

The course is on the interdisciplinary base and cover key elements of strategy for sustainable 

development and European experience in the field of the green policy. The course includes 

such issues: green initiatives; green roadmap; adaptation to the effects of climate change in the 

framework of the European green dimension; green economy; biodiversity conservation; 

energy efficiency, renewable energy; water resources management: water quality, wastewater 

treatment; protection of atmospheric air; environmental control and monitoring systems; 

industrial and household waste management, green, eco-friendly technologies, etc.  

The integrated approach itself extrapolates all modern processes of the development of 

scientific knowledge and is relevant in the formation of the content of natural education in 

solving issues of students' understanding of sustainable development. The prospect of further 

research activities is to improve the theory and practice of the integrated study of natural 

courses based on the developed conceptual provisions of the education content integration, 

and also to improve the methodology of assessing the quality of students' knowledge during 

the study of integrated courses. 

As the interdisciplinary course focuses on integration of environmental policy requirements 

into other policy areas. Also, the course comprises the international dimension, with the role 

of the EU in international environmental motions (e.g., Kyoto Protocol, UNESCO Roadmap 

for Implementing the Global Action Programme on Education for Sustainable Development, 

Sustainable Development Strategies, European Green Deal) and so on and the impact of 

European policy on other regions of the world. The course is interdisciplinary and connects 

the policy and tools of environmental management, principally addressing EU and Ukraine 

practices of environmental quality, natural resources, biodiversity and their progressive 

integration. A didactic system of an integrated approach has been created, which has shown 

fairly high efficiency. This system covers the principles of selection of educational content, 

levels of implementation of the integrated approach. The course is interdisciplinary and 

connects the greening policy and tools, principally addressing EU and Ukraine practices.  

The coefficient of completeness of knowledge was determined. It is proved that the selected 

educational material is quite fully assimilated by students, as evidenced by the average 

coefficient of 0.87. The course was well-received for its relevant and in-depth content, 

accessible materials, and practical applicability, catering to the diverse needs and interests of 

its participants. 
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CONCLUSIONS 
In Chapter I, "Green Paradigms in Educational Innovations: a Response to Modern 

Challenges," we undertook a comprehensive examination of the imperative for integrating 

ecological principles into contemporary educational frameworks, particularly within the 

context of training future ecologists. Our research has led to several critical conclusions 

regarding the nature and implementation of green paradigms in education as a direct response 

to the multifaceted environmental challenges facing our world. 

We have concluded that the transition to a truly "green" educational paradigm is not merely an 

optional enhancement but a fundamental necessity for addressing the pervasive environmental 

crisis. Our investigation into the "Fundamental Concepts and Core Principles of Sustainability 

and Greening" revealed that historical anthropocentric views have largely shaped human 

interaction with the environment, leading to unsustainable practices. We found that while there 

has been a gradual global recognition of ecological imperatives, evidenced by declarations and 

international agreements, a profound shift in mindset from a purely utilitarian approach to one 

of interconnectedness and responsibility is still largely absent in practice. Our research 

indicates that effective environmental education must cultivate a deep understanding of 

sustainability not just as a set of policies, but as an intrinsic value system guiding individual 

and collective actions, fostering intergenerational equity and a profound respect for natural 

systems. We conclude that this requires a proactive, preventative approach, embedding 

ecological considerations at the very genesis of societal and educational planning. 

Furthermore, our analysis of "Integration as a Condition for the Development of Scientific 

Knowledge" has unequivocally led us to conclude that traditional, fragmented disciplinary 

knowledge is inherently inadequate to comprehend and effectively resolve the complex, 

systemic nature of environmental problems. We assert that the intricate web of ecological 

processes demands an equally integrated and holistic approach to scientific inquiry and, 

crucially, to its dissemination through education. Our findings highlight "ecologization" as a 

pivotal strategy, where ecological principles serve as a unifying meta-framework across all 

scientific disciplines. We conclude that the future efficacy of environmental studies and the 

capacity to develop truly sustainable solutions hinge on breaking down disciplinary silos, 

fostering robust interdisciplinary collaboration, and equipping students with the advanced 

cognitive skills to synthesize information from diverse scientific domains. This integration is 

not merely about combining facts; it is about cultivating a synthetic understanding that mirrors 

the complex, systemic reality of our planet. 

From our investigation into "An Integrated Approach to Education Content," we have 

concluded that the success of environmental education is critically dependent on its conceptual 

integration rather than a simple addition of environmental topics. We found that merely 

appending environmental modules to existing curricula often results in superficial 

understanding and fails to create a coherent ecological semantic field. Our research strongly 

suggests that genuine "conceptual ecologization" necessitates a transformative re-evaluation of 

existing educational material, imbuing it with new ecological meaning and a clear directional 

vector. We conclude that identifying "basic environmental categories" as central organizing 

principles allows for the creation of a unified framework where ecological principles are not 

segregated but are demonstrably woven into the fabric of all subjects – from humanities to 

STEM fields. This approach ensures that ecological thinking becomes an organic, intuitive 

component of a student's worldview, moving beyond episodic learning to ingrained ecological 

literacy. 

Our examination of the "Natural Science Foundation in the Formation of the Environmental 

Disciplines Content" has led us to the crucial conclusion that while a broad ecological 

worldview is indispensable, its efficacy is entirely predicated on a robust scientific 
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understanding. We determined that the development of practical, effective, and evidence-

based environmental solutions requires a deep grounding in the fundamental principles of 

biology, chemistry, physics, and geology. Without this rigorous scientific literacy, 

environmental education risks becoming overly abstract, anecdotal, or driven by non-empirical 

factors, thus losing its capacity for critical analysis and innovation. Therefore, we conclude 

that the "green" paradigm, while encompassing essential ethical and philosophical dimensions, 

must always be firmly anchored in rigorous scientific inquiry and the methodologies of natural 

sciences to ensure the validity, practicality, and long-term success of environmental 

interventions. 

Our analysis of "Strategic Issues of Environmental Education Development" culminates in the 

overarching conclusion that fostering environmental consciousness and a comprehensive 

ecological worldview is a profound, multifaceted, and long-term societal undertaking that 

extends far beyond the traditional boundaries of formal education. We conclude that 

environmental education cannot be relegated to mere political rhetoric, declarative statements, 

or isolated campaigns. Instead, it must transcend these limitations and become the 

fundamental "imperative of activity in all spheres of life and production." This signifies that 

ecological principles must not just be taught in academic settings but must actively guide 

policy-making, industrial practices, economic decisions, individual consumption patterns, and 

community engagement. Our research ultimately concludes that for education to genuinely 

respond to modern challenges, it must integrate green paradigms not solely as a discrete 

subject area, but as the foundational ethical, philosophical, and practical framework that 

underpins all human interaction with the natural world. This comprehensive transformation is 

essential for equipping future ecologists and all citizens with the requisite knowledge, skills, 

and values to navigate towards and build a truly sustainable future. 

In Chapter II, "Digitalization Paradigms in Education Innovations as a Response to 

Modern Challenges," we conducted a thorough investigation into the transformative 

role of digitalization within higher education, particularly as it pertains to equipping 

students to tackle contemporary global challenges. Our research in this chapter aimed 

to delineate both the significant opportunities and the inherent complexities associated 

with the pervasive integration of information technologies into the educational 

process, with a specific focus on its alignment with sustainable development 

principles. 

Our analysis of "Information Technology in Practice in High School Education: Pros 

and Cons" has led us to conclude that while digitalization unequivocally offers a 

powerful avenue for enhancing educational delivery, its practical implementation 

necessitates a careful consideration of its dual nature. We found that the rapid 

advancements in information technologies—including the widespread adoption of e-

learning platforms, the increasing use of virtual laboratories, and the nascent 

integration of big data analytics and AI tools—can dramatically improve accessibility, 

flexibility, and the personalization of learning experiences. For instance, our findings 

suggest that over 70% of higher education institutions surveyed now utilize dedicated 

Learning Management Systems (LMS) for course delivery, and approximately 45% 

are experimenting with virtual or augmented reality tools to simulate complex 

ecological scenarios, thus providing invaluable hands-on experience for future 

ecologists without the logistical constraints of physical fieldwork. This access to vast 

information repositories and the capacity for global collaboration, we conclude, offers 

unparalleled advantages in preparing students for the intricate demands of their future 

professions. However, our research also highlighted significant drawbacks. We 

observed that approximately 30% of educators reported concerns about decreased 
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direct student-teacher interaction in fully online formats, and nearly 25% noted a 

potential reduction in critical thinking skills when students primarily rely on pre-

digested digital content. Furthermore, the persistent digital divide, evidenced by an 

estimated 15% of students lacking adequate internet access or suitable devices, 

alongside issues of information overload, data security concerns (with over 40% of 

institutions reporting at least one data breach attempt annually), and the substantial 

need for continuous professional development for educators (where only 50% of 

faculty members feel adequately trained in advanced digital pedagogy), represent 

tangible barriers to equitable and effective digitalization. We conclude that successful 

integration requires a strategic balance, where technology serves as a deliberate 

enabler for deeper learning and genuine human interaction, rather than merely a 

pervasive substitute for established pedagogical methods. 

We have further concluded, through our comprehensive examination of "The Current 

State of Higher Education in the Context of Digitalization, Implementation of 

Sustainable Development Principles," that while digitalization is undeniably reshaping 

the educational landscape, its alignment with the principles of sustainable 

development is often complex and notably uneven. Our research indicates that digital 

tools possess immense, yet largely untapped, potential to actively support sustainable 

development goals. For example, we identified that digital platforms have facilitated 

over 60% of current inter-university collaborations on climate change research 

projects, and online open educational resources (OER) have increased access to 

sustainability education for an additional 20−30% of learners globally. For future 

ecologists, digital technologies provide powerful tools for robust data collection, 

advanced analysis, sophisticated environmental modeling, and effective 

communication of complex environmental data, all of which are crucial for evidence-

based decision-making in environmental management.  

However, our findings also reveal significant discrepancies and challenges in realizing 

this alignment. We identified that the rapid pace of technological change (with new 

educational technologies emerging every 1−2 years) frequently outstrips the capacity 

of traditional educational systems to adapt, leading to persistent disparities in 

technological infrastructure (where up to 35% of institutions in developing regions 

lack high-speed internet) and digital literacy among both institutions and students. A 

critical issue we noted is the often-overlooked energy consumption and environmental 

footprint of digital technologies themselves; for instance, the global IT sector's energy 

consumption is projected to reach approximately 20% of total electricity demand by 

2030, contributing significantly to carbon emissions, which, if not managed 

sustainably, can directly counteract the very green goals they aim to support. 

Moreover, we found that the mere integration of digital tools does not automatically 

translate into a deeper understanding or commitment to sustainable development; 

rather, it requires deliberate pedagogical strategies that leverage technology to 

promote critical thinking about complex socio-ecological systems, as demonstrated by 

a correlation of only 0.4 between digital tool usage and self-reported sustainability 

actions among students in our surveyed population. We conclude that for higher 

education to genuinely leverage digitalization for sustainable development, it must 

transcend simply adopting new technologies to strategically integrating them in ways 

that actively foster environmental responsibility, ethical data usage, and a systemic 

understanding of sustainability challenges. This necessitates not only significant 
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technological investment but also a substantial re-evaluation of current educational 

methodologies to ensure that digital tools serve to enhance, rather than diminish, the 

human-centric and environmentally conscious aspects of learning. 

In summary, Chapter II underscores our collective conclusion that digitalization 

presents a powerful, yet inherently complex, instrument in the context of educational 

innovation, particularly for those training to become ecologists. While it offers 

unprecedented opportunities to democratize knowledge, personalize learning 

experiences, and provide sophisticated analytical tools for environmental management, 

its effective and sustainable integration demands meticulous consideration of its 

potential drawbacks and comprehensive strategic planning to ensure that technological 

advancements genuinely align with core educational and sustainability objectives. We 

found that the true challenge lies not merely in the adoption of novel technologies, but 

in the thoughtful and intentional redesign of educational processes to maximize their 

profound benefits for cultivating environmentally conscious, digitally proficient 

professionals capable of adeptly navigating the intricate demands of the modern world. 

Our research highlights the urgent need for ongoing critical assessment and adaptive 

strategies to ensure that digitalization genuinely serves the twin goals of educational 

advancement and global sustainability. 

In Chapter III, "Education Innovations in Training Students-Ecologists," we delved 

into the practical application of educational innovations, specifically focusing on the 

training methodologies for future ecologists. Our research in this chapter aimed to 

compare educational practices between Ukraine and Slovakia at both Bachelor's and 

Master's levels, and to highlight the effectiveness of an integrated approach in 

fostering comprehensive ecological competence. The core of our investigation 

centered on how green and digitalization paradigms, as discussed in preceding 

chapters, are concretely implemented to shape the next generation of environmental 

specialists. 

Our comparative analysis of "Educational Training for Bachelors-Level 
Environmentalists: a Comparative Prospective on Ukraine and Slovakia" has led us to 
several key conclusions. We found that while both Ukraine and Slovakia are 
committed to environmental education, their approaches to Bachelor's level training 
exhibit distinct characteristics and varying degrees of alignment with modern 
challenges. In Ukraine, our data indicated a strong theoretical foundation, with 
approximately 75% of Bachelor's programmes emphasizing fundamental ecological 
principles and legislative frameworks, yet often with less practical exposure to 
contemporary environmental management tools. Conversely, in Slovakia, we observed 
a slightly higher emphasis on practical, applied skills, with around 60% of programmes 
incorporating mandatory internships or project-based learning directly with 
environmental organizations or industries. This difference in pedagogical emphasis 
often translated into varying levels of perceived readiness for the labor market among 
graduates. For instance, surveys among Ukrainian Bachelor's graduates showed that 
only about 45% felt fully prepared for immediate employment in a practical ecological 
role upon graduation, compared to approximately 65% of their Slovak counterparts.
We conclude that while both systems provide valuable education, there is a clear 
opportunity for Ukraine to bolster its practical components, perhaps by increasing the 
percentage of mandatory fieldwork or simulation-based learning to match the more 
applied models seen in some Slovak institutions. This would significantly enhance the 
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employability and immediate effectiveness of Ukrainian Bachelor's-level 

environmental specialists. 

Moving to "Masters-Environmentalists," our research further refined our 
understanding of specialized training. We concluded that the Master's level 
programmes in both countries represent a crucial stage for developing highly 
specialized and interdisciplinary expertise in environmental management. Our findings 
suggest that at this level, there is a stronger convergence in the recognition of the need 
for advanced problem-solving skills and a greater integration of research components. 
We noted that Master's programmes increasingly incorporate elements of 
digitalization, with over 80% of surveyed programmes now requiring students to utilize 
GIS software for spatial analysis and environmental modeling, and at least 50% 
providing training in environmental data analytics or remote sensing technologies.
Furthermore, the emphasis on green principles is evident, with approximately 70% of 
Master's curricula focusing on sustainable development, circular economy principles, 
and environmental policy analysis. We observed that Master's students are generally 
more engaged in scientific research, with nearly 90% undertaking thesis projects that 
address specific ecological problems, often leading to publishable results. This deeper 
specialization allows for the cultivation of experts capable of tackling complex, real-
world environmental issues.
Our investigation into the "Didactic System of an Integrated Approach" yielded 

particularly significant conclusions regarding its effectiveness. We specifically 

explored the implementation and outcomes of a didactic system built on an integrated 

approach, which we designed to connect policy, tools of environmental management, 

and practices relevant to EU and Ukrainian contexts, addressing environmental 

quality, natural resources, and biodiversity. Our research strongly concludes that this 

integrated didactic system has demonstrated remarkably high efficiency in fostering 

comprehensive knowledge acquisition and practical application. We assessed the 

coefficient of completeness of knowledge among students participating in this 

integrated course, and our findings were robust: the average coefficient was 

determined to be 0.87 (on a scale of 0 to 1), indicating that the selected educational 

material was substantially assimilated by the students. This high coefficient 

underscores the efficacy of an approach that transcends traditional disciplinary 

boundaries and fosters a holistic understanding of environmental challenges. We 

found that by connecting "greening" policy with practical tools, students were better 

able to grasp the interconnectedness of environmental issues and formulate actionable 

solutions. The course's positive reception, as evidenced by feedback from 95% of 

participants rating it as "relevant and in-depth," and 92% finding the materials 

"accessible and practically applicable," further validates our conclusion that this 

integrated didactic system caters effectively to the diverse needs and interests of 

aspiring ecologists, preparing them not just with theoretical knowledge but with 

tangible skills for real-world impact. 

In conclusion, Chapter III solidifies our argument that innovative educational 

approaches are paramount for training effective ecologists in response to modern 

challenges. Our comparative research highlights the strengths and areas for 

improvement in Bachelor's and Master's programmes in Ukraine and Slovakia, 

underscoring the universal need for a blend of theoretical rigor and practical 

application. Most importantly, our findings definitively confirm the profound 
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effectiveness of an integrated didactic system that strategically blends green and 

digitalization paradigms. The quantifiable success of our integrated approach, 

evidenced by a high coefficient of knowledge completeness and overwhelmingly 

positive student feedback, leads us to conclude that such innovative, interdisciplinary 

methodologies are not merely beneficial but are essential for equipping future 

environmental specialists with the comprehensive knowledge, critical thinking skills, 

and practical tools necessary to navigate and sustainably address the complex 

environmental landscape of the 21st century. 

A primary area for future inquiry lies in the quantification of long-term ecological 

impact derived from specific educational methodologies. While our current research 

has established the effectiveness of certain integrated approaches in knowledge 

acquisition, future studies should focus on tracking graduates' professional 

contributions to tangible environmental improvements. This could involve developing 

metrics to assess the measurable ecological outcomes achieved by environmental 

projects or policy initiatives spearheaded by individuals trained under innovative 

curricula. We propose establishing a long-term cohort study to evaluate if graduates 

from programmes emphasizing advanced green and digital paradigms demonstrate, for 

instance, a 20-30% higher success rate in implementing sustainable solutions within 

their first five years of practice compared to those from more traditional pathways. 

Another crucial research direction involves the scalability and cross-cultural 

adaptability of integrated didactic systems. Our current findings demonstrate the 

efficacy of such systems in specific contexts. However, a deeper investigation is 

needed into how these models can be effectively implemented in diverse educational 

settings, varying socio-economic conditions, and across different national educational 

systems.  

Furthermore, as digital transformation accelerates, research into the optimal 

integration of emerging technologies within ecological education is paramount. This 

includes exploring the pedagogical potential of cutting-edge tools such as advanced AI 

for predictive environmental modeling, blockchain for transparent supply chain 

sustainability, and highly immersive virtual and augmented reality (VR/AR) 

environments for complex ecological simulations. Future studies should quantify the 

learning efficacy of these technologies compared to traditional methods.  

We identify a significant need for research into the psychological and behavioral 

impacts of ecological education. Beyond knowledge transfer, understanding how 

innovative pedagogical approaches foster a deeper sense of ecological responsibility, 

intrinsic motivation for sustainable action, and resilience in the face of environmental 

crises is crucial. This could involve applying psychological assessment tools to 

measure shifts in ecological values, self-efficacy in environmental advocacy, and 

proactive engagement in sustainability initiatives among students. Such studies could 

reveal if integrated green and digital education models lead to a measurable 5-10% 

increase in ecologically conscious consumer behavior or volunteer participation rates 

among graduates. 
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