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ABSTRACT

With a more than significant interest in environmental issues in society and the widespread introduction of
environmental themes in the social and educational space, a number of methodological and methodical problems
remain unresolved. These problems are connected, on the one hand, with comparative assessments of
environmental measures, taking into account both their ecological significance and economic viability, and, on
the other hand, they relate to building a system of priorities in the presentation of material reflecting the realities
of environmental policy in the study of ecology at different levels of education and in different subject areas. The
article discusses methodological approaches and model ideas for assessing the viability of economic investments
in environmental activities, taking into account both social and economic factors. Approaches to the description
of the relationship of scientific and technological parameters with the formation of conditions for the
economically profitable introduction of new technologies, when the need to solve environmental problems is a
stimulating factor, have been considered, and the concept of an Economic and Environmental Barrier reflecting
the level at which old technological solutions, although they satisfy technological requirements, but no longer
meet environmental requirements is introduced. It is shown that, other things being equal, the economic
component is to dominate over the environmental one when making decisions on financial investments in
environmental projects. However, mobilizing public opinion in support of environmental initiatives can change
attitudes towards assessing the economic viability of projects related to environmental protection. This especially
applies to public funding of environmental initiatives, including in the field of environmental education. At the
same time, an assumption is made about the significant dependence of the perception of scientific and popular
scientific information on ecology on the level of social protection of the population and the level of its economic
well-being. The authors suggest that the multifactorial nature of environmental parameters requires new
approaches to environmental awareness-raising, causing a broader understanding of intersubject interaction with
noxological and medical rehabilitation topics.

Keywords: ecology and economics, social priorities, limit of ecological and economic parameters,
environmental awareness-raising, environmental education

1. INTRODUCTION and in any social community over the past half-
century, i.e. since the early 1970s, has become one
Discussion of environmental topics at any level of the most demanded segments of public life
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throughout society. To date, the need for
environmental education is firmly established in the
minds of the vast majority of people in developed
countries.

The authors understand environmental education
as an educational and cultural process, during which
students acquire competencies related to a general
theoretical understanding of the importance of
environmental problems, and also assimilate values
that allow them to foster an understanding of the
complexity of the natural scientific, technical, and
humanitarian aspects of the safety of the natural and
technogenic environment, to prevent and/or solve
environmental problems. Nevertheless, no unified
methodology has been developed in relation to this
rather diverse component of the educational space.
There are several reasons for this.

To begin with, education as a social institution is
one of the most inert social systems. While verbally
recognizing the need for innovation and without
questioning the educational value of environmental
issues, the administration does not seek changes that
would alter the situation in such a way that it itself
becomes  unnecessary.  Namely,  widespread
environmental  awareness-raising  makes  the
activities of the majority of education officials who
“lead” environmental education unnecessary.

Another reason that environmental education
remains fragmented is the economic factor. A real
environmental policy aimed both directly at
protecting the environment and measures to
maintain it at the current level, and even more so to
improve it, requires  significant economic
investments. Although in several publications [1, 2]
one can read about successful environmental
projects within green economics, at the same time, it
is also indicated there that government support
remains one of the main sources of funding for such
projects. That is why environmental education is
financed in such a way that with a large number of
activities, the question of their effectiveness is left
open since real environmental research and their
material support are very costly. The same applies to
environmental education activities, especially in
higher education.

That is why the economic issues associated with
the educational segment of ecology are closely
intertwined with socio-political processes. Large
scale changes in the quality of the environment
recorded in the 21st century [3] required the
transformation  of  traditional  environmental
education into Environmental Education for
Sustainability (EES) [4-6], which should ensure the
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safety of the technosphere not only for today's but
also for future generations.

To defeat hunger by ensuring the functioning of
sustainable agriculture, to switch to a healthy
lifestyle by reducing air, water, and soil pollution, to
create the opportunity for economic growth by
increasing the efficiency of resource use without
degrading the environment [3], to make and
implement decisions, quality revitalization and
growth of human potential are essential. These
should be people whose education includes
knowledge of the essence and goals of sustainable
development. The level of incorporation of EES in
higher education programs of various (non-
environmental) areas and specialties is an urgent
modern problem for the world community [5].

Modern business, integrated into the global
economy, has to solve a wide range of social and
environmental problems. The lack of components
aimed at ensuring sustainable development in the
company's activities undermines its authority in the
world arena and makes it unattractive for investors.
Coordination of the strategy and tactics of the
enterprise with the goals of sustainable development,
reduction of resource intensity, energy intensity, and
the amount of waste gives an advantage in world
markets [7, 8]. Tools for assessing the level of
incorporation of EES in vocational education
programs, as noted above, are being successfully
developed [5] and should take into account the needs
of both each country and spheres of professional
activity.

Currently, due to the rapidly changing
requirements for specialists in various industries, it
is important to create online courses both for
students (undergraduates, master students) and for
specialists wishing to improve their qualifications
[9]. One can even use records of excursions from
museums [10] and videos of laboratory experiments
to conduct online practical exercises.

The purpose of higher education institutions
today is not limited to the organization of the
educational process and scientific research. The
functions of the institution of higher education
include awareness-raising and information work [5,
11], the purpose of which is to bring to the
established members of society (no longer students)
information about modern problems of economics,
politics, ecology (environmental protection),
sustainable development, etc.

The link between modern economic and
environmental priorities that also indirectly connects
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economic and environmental education is the
concept of corporate sustainable development [12].

Another component that ensures the quality of
environmental education is the competence-based
approach in education, which allows you to draw up
a “road map” to achieve a specific result, which
should contribute to the implementation of the goals
of EES [13].

However, we do not yet have indisputable
theoretical data and data from applied environmental
research that would allow for the transition from
general cultural competencies to professional
competencies that accumulate environmental
theories with their practical application. These two
segments, rather, function separately than form a
single whole for now. [13].

Nevertheless, there are some successes in the
development of practical methods. Methodologies
are being developed for a practical component
devoted to sustainable development, which can and
should be included in university programs [14].
Works that reflect the chemical component of
environmental education are very interesting [15,
16]. Also interesting is the work in which
environmental issues are associated with classical
economics [17].

The plurality of opinions on the issue of modern
environmental education indicates a significant
interest in this interdisciplinary problem of the
scientific community and its relevance.

2. MATERIALS AND METHODS

The material for this study was the data obtained
during a survey of students, members of courses,
and graduate students of wvarious Moscow
universities. At the same time, students and cadets of
the Civil Defence Academy of the Ministry of the
Russian Federation for Civil Defence, Emergencies
and Elimination of Consequences of Natural
Disasters, who studied Technosphere Safety in
2019-2021, formed the basis. In addition, materials
from surveys of students of various faculties of the
Moscow City University, conducted in 2016-2019,
were involved. The respondents were students and
employees of the technological, chemical-biological,
and philological faculties. The total number of
respondents was over 1.100. Thus, it has been
possible to form a database that allows modeling the
processes associated with the perception of the
problems discussed in this article, both among those
students who directly perceive environmental topics
as an area related to their future professional
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activities, and those who understand environmental
topics only partially or perceives it in a popular
science rather than a scientific way. In addition,
almost all students and course members surveyed are
significantly influenced by the material they receive
from various resources of the Internet space. This
aspect has also been analyzed in the course of this
study.

The main methods that have been used in the work
are the method of comparative analogy, the
analytical method, the survey method with the
subsequent formalization of indicators, programs,
and the author's method of comparative modeling of
heterogeneous processes and systems by methods of
mathematical statistics.

The research objectives include four main areas:
1) analysis of the relationship between the main
segments of modern environmental education;
2) consideration of the place of environmental
education in the value system of students in
educational institutions of the higher education
system; 3) analysis of the assumption about the
emergence of interest in environmental education
only after environmental issues become not only
relevant, but require a simultaneous response to
problems that have arisen in the course of
development, not only from specific people or social
groups (professional communities or communities
united by place of residence) but are embedded in
the main socio-political priorities of the whole
society and are included in socio-political activities;
4) determination of the prerequisites for the
emergence of conditions when environmental issues
become so important that society focuses on the
simultaneous solution of two problems: the creation
of qualitatively new resource-saving technologies
and the simultaneous activation of the use of these
qualitatively new technologies which make it
possible to eliminate outdated technologies that
created environmental problems.

3. RESULTS

Analysis of literature data has shown that there is
a significant difference in points of view on the state
and development of environmental education. It
must be stated that the interest in it is quite great and
its propaganda, both in the field of awareness-raising
and popularization of scientific knowledge, and
inclusion in training programs for different levels of
education is quite high. In Russia, at present, there is
simply no higher educational institution or college,
where an ecology course would not be introduced
for almost any field of education, or a significant
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amount of environmental information would not be
included in general education courses.

At the same time, the study of the patterns of
sustainable development in relation to the
environment and the technosphere make up a fairly
significant part of the knowledge gained in the
educational process. It would seem that the picture
should correspond to Figure 1, which shows not
only the connection of ecology with other subject
areas but also informational complementarity since
ecology as a complex area also generates
interdisciplinary interaction.
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e

Figure 1. Scheme of interdisciplinary interaction of
ecology with various segments of education
Source: Compiled by the authors

However, the analysis of more than two hundred
publications of student works in the framework of
various student scientific conferences devoted to
environmental issues in 2018-2021 does not confirm
this. The initial selection, carried out by keywords,
so that the words “ecology”, “ecological” are present
in the title of the work, has shown that the most
active are students in the humanities. Economists
pay relatively much attention to environmental
problems, which can be explained by the fact that
questions of the economic justification of any
environmental project are mandatory. Students in the
natural sciences and technical fields of study touch
on environmental issues less often. At the same
time, those student publications and reports, the
authors of which could be considered ecologists in
their future profession (for example, Engineering
Ecology students) were not considered.

Thus, we can conclude that the interdisciplinary
nature of ecology is not yet too accepted by
representatives of different categories of students,
and information of an interdisciplinary nature is
interpreted, rather, within the framework of
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ordinary, rather than scientific perception. Although
students in the humanities turn to environmental
topics more often than others, their interest is not
associated with a scientific vision of environmental
problems but is most often caused by various PR
companies and the “fashion”, that has been sustained
in recent decades, for problems related to
environmental protection.

When processing the questionnaires of students,
it has been found that students of humanitarian areas
(at least 70%) in one way or another have a negative
attitude to scientific and technical measures to
protect the environment and are, rather, in positions
of support for the ideas of curtailing hazardous
industries, and not their modernization and
replacement with qualitatively new technologies.
Technicians take exactly the opposite position: about
80% believe that without scientific and
technological progress, environmental problems
cannot be solved. Economics students occupy an
intermediate position in their assessments: they are
mostly characterized by an opinion about the
importance of all factors that can influence the
decision on the need for specific measures aimed at
protecting the environment.

What makes the environmental topic so relevant
that it causes not just any changes in technologies
and the replacement of outdated technical solutions
with more advanced ones but focuses attention if not
of the entire society but most of it on environmental
issues? Let us further consider the scheme of a
technological crisis that can develop into an
ecological crisis due to the depletion of resources in
various technological areas (Figure 2). This diagram
shows how the limit is reached in the development
of technologies that were once generally accepted
and even advanced, but in the process of their
development gradually ceased to meet the interests
of society and began to be perceived as non-
ecological.

An example of such a technology is the
technology of using coal in metallurgical production.
Initially, only charcoal was used as a reducing agent
for metals from the oxidized state in the ore to
obtain metals. With the beginning of the accelerated
development of industrial production in some
European countries, the disappearance of forests
began, which could not but affect the general
ecological situation. The development of metallurgy
has led to the emergence of qualitatively new
technologies for the wuse of coal. Further
improvement of steam engines led to qualitatively
new problems of a technogenic nature. The result
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was the restoration of virtually destroyed forest

ecosystems in Western Europe.
K-3

K-1 K-2
C-3

T-2

Figure 2. Scheme of the formation of an Ecological
and Economic Barrier (EEB) when the possibilities
of various technologies (processes, structures) are
exhausted

Source: Compiled by the authors

In Figure 2, it is shown that any technical or
technological solution (construct), indicated by the
square C-1, is a consequence of the interaction of the
existing level of knowledge (K-1) and available
materials (T-1). With the further development of the
construct (machines, mechanisms, technologies),
there is an accumulation of new knowledge (K-2),
which allows the creation of a new, more perfect
construct (while new knowledge can also lead to a
change in the original material). This cycle can be
repeated several times until the technical and
technological capabilities are exhausted and the limit
of ecological and economic parameters is reached.
Production for most of its segments will become
economically unprofitable, and environmental risks,
due to the increase in quantitative indicators, will
become dominant. In Figure 2, this moment is
reflected in the form of the Ecological and
Economic Barrier (EEB). An example of
overcoming such a barrier is the replacement of
coal-fired steam engines with internal combustion
engines and electric motors.

It should be noted that the depletion of certain
natural resources due to their unrestrained
exploitation, negative climate change, and other
factors negatively affecting society, and various
crises arising, for this reason, have haunted
humanity since the Stone Age. Often such crises,
perceived as environmental, are more complex, as
pointed out by J. Diamond in his famous popular
science work “Collapse: How Societies Choose to
Fail or Succeed” in 2005. At the same time, he
showed that such crises can both lead to the death of
the community that is experiencing it, and can be
overcome, although the environmental damage can
be very great and even catastrophic. The role of new
technologies in the implementation of a positive
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scenario can be very significant.

To optimize the tasks associated with the
negative consequences of the impact of outdated
technologies on the environmental situation, to
analyze the prerequisites for the emergence of
conditions when society focuses on creating
qualitatively new technologies and at the same time
activating  their  implementation to  solve
environmental problems, a model has been
developed, a simplified diagram of which is shown
in Figure 3. The diagram shows two provisions of
the socio-economic system that correspond to the
interaction of economic and socio-political factors
that make it possible to implement environmental
measures that were initially  economically
inexpedient. Of course, this scheme does not repeat
the conditions of equilibrium in the mechanical
system of forces, but only correlates the conditions
for the balance of factors with the problem familiar
to many from the field of mechanics.

When a society already has a social order for
qualitatively new and more environmentally friendly
technologies, they are often not economically viable.
In this case, the economic costs, shown by arrow 1,
neutralize the desire to change the situation
associated with high costs (arrow 2) with all the
environmental benefits (the figure shows the case of
marginal “equilibrium”). However, if socio-political
interests contribute to the introduction of resource-
saving technologies, then the “lever arm” is
“lengthened” (arrow 5) and, despite the high costs,
society begins to lean towards the need to implement
a more expensive but more environmentally friendly
project (arrows 3 and 4 correspond to this provision).

Figure 3. Scheme of the interaction of economic and
socio-political factors in the introduction of new,
more environmentally friendly technologies

Source: Compiled by the authors

Thus, it can be stated that all the stated objectives
of this study have been solved to varying degrees.

4. DISCUSSION

Based on the work done, it can be concluded that
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in order to improve environmental education,
simultaneous processes of differentiation are
necessary, in relation to subject areas and levels of
education. In addition, environmental education
should be considered as part of educational policy.
Hence the need for a socio-political analysis of this
segment of education when considering its
possibilities for implementation of environmental
issues in the educational process both as an
independent component and as components of
individual subject areas.

Speaking about the possibility of modeling
economic and ecological systems, it should be noted
that, in addition to the methodological value for
ecological-economic education, such models are
also capable of performing a predictive function
when evaluating various projects of ecological
content.

5. CONCLUSION

It appears that the method proposed in this article
for assessing the role and significance of social
parameters in environmental education has wider
possibilities than the specifics of the educational
space. The need to improve the economic study of
environmental projects, on the one hand, and the
increasing politicization of environmental issues, on
the other hand, lead to the understanding that even
the most perfect forecast using purely mathematical
models does not take into account a number of
circumstances that somehow distort the overall
picture. Complex models cannot be long-term not
only because of the large number of parameters. The
constant emergence of new materials and
technologies introduces a rather large uncertainty in
the long-term planning of socio-political processes.
This creates even greater uncertainty in the
assessment of environmental problems. That is why
the political, economic, technological, and social
assessment of various environmental projects and
initiatives, including environmental education, is
very ambiguous. The approaches proposed in the
article, as the authors hope, are to help in solving the
problems described in the article.
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