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The issue of improving the higher education quality within the framework of gnostic approach is updated in the article
against the backdrop of dynamic scientific and technical process development and globalization of economic and
social development. The purpose of the article is to develop a structural and logical approach to ensuring dialectical
thinking development in students using integrative approach and complementarity method in the process of instruc-
tion. A low level of dialectical thinking in students has been revealed as a result of a pedagogical experiment in higher
educational institutions of the Russian Federation. Principles, criteria and conditions for improving methodological
support have been developed and substantiated through the example of such academic disciplines as ‘Modern Nat-
ural Science Concept’ and ‘General Physics’ with the aim to provide cross-curriculum communications and to form
integrative concepts. A system of criteria for integrative concepts formedness in students has been reasoned with
the use of special exercises of interdisciplinary reflexive supplementary type in the process of instruction. A prob-
lem-based developmental programmed exercise aimed at development of dialectical thinking in terms of the above
academic disciplines has been elaborated using the complementarity method. Criteria for dialectical thinking devel-
opment in students have been substantiated. The effectiveness of implementation of the proposed recommendations

for the integrative method and the complementarity method application in higher education has been assessed.
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INTRODUCTION

The main productive power is a man who creates na-
tional product and determines the pace of social devel-
opment. The educational background and intellectual
potential of a man determine the quality and productivity
of labor. According to a dependence formulated by A.
Maddison, an increase in the education appropriations
by 1% leads to an increase in the country’s gross domes-
tic product (GDP) by 0.35% [01]. According to the Or-
ganization for Economic Cooperation and Development,
if the average study period of a country’s population is
extended by one year, it raises GDP by 3-6% [02]. The
higher the proportion of population with a sound aca-
demic background (at least equal to complete secondary
education) is in a country, the lower the level of socio-
economic differentiation is. Thus, education, especially
higher education, exerts direct influence on social and
economic development of society. Moreover, continu-
ous industrial development and dynamic scientific and
technological progress, intensification of globalization
processes of economic and social development in the
world necessitate access to quality higher education,
that is, formation of labor skills writ large in students in
the context of academic courses multidimensionality and
variability in higher educational institutions. Consequent-
ly, a need to develop methodological approaches to im-
proving the quality of continuous higher education using
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the integrative method and the complementarity method
arises from the above. A comprehensive use of the inte-
grative method and the complementarity method would
create a basis for concept integrity as an optimality factor
in the content of education and in development of dialec-
tical thinking in students. It is this approach that creates
a synergistic effect of integrity with reference to a stu-
dent personality, to exhaustibility in terms of academic
content and elementality as an indispensable condition
of completeness and integrity. In turn, this would ensure
effective implementation of gnostic approach in educa-
tion as a factor in enhancing intellectualization of modern
production, on the one hand, and ensuring a high stan-
dard of knowledge as a component in human potential,
on the other hand.

LITERATURE REVIEW

In the 18"—19" centuries, scholars focused primarily
on socio-political functions of higher education: reduc-
ing crime rates and dissolute lifestyle, addressing class
conflicts, increasing social mobility [03], V. Petty [04].
However, with the development of capitalist production
that contributed to the growth in generation of capital and
inequality in the process of its distribution, the need to
determine factors of economic and social development
of society became actual. Pursuant thereto, theories on
quality of knowledge as a factor in technological prog-
ress and economic productivity of economy were devel-
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oped (Edward Denison, Robert Barro, A. Marshall) [05].

In the 19"-21s! century, the ‘human capital’ theory was
conceived to be reflecting the significance of higher
education expenditures and its quality improvement in
economic terms (J.M. Keynes, S. Strumilina) [06]. Those
scientific findings triggered active research in education
aimed at improving the quality of higher education in or-
der to match the trends of economic and social develop-
ment of society.

Modern concepts in the education science development
are premised on formation of gnostic skills in higher
school [07-09] where they are basic with regard to other
skills [10, 11]. Within the framework of the gnostic ap-
proach, the integrative approach has begun to be con-
sidered as an actual need of modern higher education
and as a basis for dialectical thinking in educational
process. Natural science disciplines were considered,
including physics, mathematics and computer science,
from the point of view of their interconnection based on
cross-curriculum communications [12]. The integrative
approach was the mainstay of teaching cognate disci-
plines combining two or more subjects and their content;
it served as an instructional time saver and ensured best
possible acquisition of academic subject matters by in-
tegrating concepts as a factor in improving the quality of
education [13].

In the context of inexhaustible informational and struc-
turally organizational sources of instruction capable of
meeting the requirements of a wide variety of education-
al models, complementarity theories in the process of
instruction in higher school are being developed. Initial-
ly, the idea of using the complementarity principle by N.
Bohr [14] as a method of interdisciplinary research and
its use in education science belongs to V.A. Semenov
[15]. A.V. Mudrik [16], within the framework of social edu-
cation, assessed the productivity of the complementarity
principle as a general scientific methodological tool in
pedagogy. Justifying the inexpediency of one dominant,
scholars have been developing the idea of a unity of both
conventional and problem-based teaching methods in
higher education providing teaching staff and determin-
ing the place of problem-based and conventional teach-
ing on a case-by-case basis [17, 18].

Despite a sufficient degree of fundamental development
of the problems of higher education quality improvement,
the variability of academic disciplines and bachelor’s
courses in higher education institutions necessitates
development of methodological approaches to ensuring
integration of concepts in each specific case. Only such
an approach would ensure an increase in the effective-
ness of methodological support for academic disciplines
and educational process with the aim of developing di-
alectical thinking in students as a factor in transforming
the linear and one-dimensional worldview of university
students into a lateral and multidimensional worldview
and as an indication of a new scientific paradigm in ped-

agogy.
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The goal of the research was to develop a structural and
logical approach to integration of the conceptual frame-
work based on the integrative approach and the comple-
mentarity method through the example of academic dis-
ciplines ‘Modern Natural Science Concept’ and ‘General
Physics’ in the bachelor-level program ‘Applied Mathe-
matics and Informatics’ in Russian universities.

In the course of the research, the following tasks of sci-
entific inquiry were set:

» reasoning of the need for intensive higher education
development in the Russian Federation as a factor
in the country’s economic and social development;

 evaluation of dialectical thinking development in uni-
versity students in the context of conventional learn-
ing process organization;

» elaboration of operational recommendations for
methodological support and organization of instruc-
tion based on the integrative method and the com-
plementarity method for disciplines ‘Modern Natural
Science Concept’ and ‘General Physics’;

+ evaluation of effectiveness of the use of integrative
concepts within the framework of the cross-curricu-
lum intercommunication of disciplines ‘Modern Nat-
ural Science Concept’ and ‘General Physics’ for de-
velopment of dialectical thinking in students.

MATERIALS AND METHODS

To achieve the primary goal of research and to prove the
scientific hypotheses made, the following methods of sci-
entific cognition were used as the methodological basis.

The method of theoretical generalization was used to
justify the need to improve the quality of higher education
in the Russian Federation as a factor in economic and
social development.

The method of complementarity and integrative method
was used to elaborate practical recommendations for
methodological support and organization of instruction
with the aim of developing dialectical thinking in students
by forming integrative concepts.

The graphical method was used for visual representation
of statistical material and a schematic representation of
the basic theoretical framework for the study.

The method of pedagogical experiment was used to
evaluate the effectiveness of the integrative method and
the method of complementarity in the educational pro-
cess for development of dialectical thinking in students.

A pedagogical experiment is a purposeful systematic re-
production of the educational process elements and its
evaluation on the basis of a prefabricated plan [19]. The
advantage of pedagogical experiment over other meth-
ods of scientific research is that it helps to establish the
nature of links between various components of the edu-
cational process, between factors, conditions and the re-
sults of a particular quality formation, to test hypotheses
aimed at resolving contradictions that emerge in teach-
ing and educational process.
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To establish the relationship between the level of edu-
cation advancement and the level of economic develop-
ment in the country, a correlation ratio is calculated [20]:

IR (-9 (v —-F
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where x; is the figure of the population’s academic back-
ground level during the i-th period;

y,is the figure of the GDP level per capita during the i-th
period;

x. y are the average value of indicators of the popula-
tion’s academic background level and the GDP level per
capita, respectively, for the period under study ;

m is the number of periods.

The correlation ratio is measured in the range [-1; +1].
The correlation ratio value <0 indicates the inverse na-

ture of communication, whereas the correlation ratio val-
ue> 0 indicates the direct one.

To evaluate the strength of relationship in qualitative
terms, the Chaddock scale was applied, whereby the
value of the correlation ratio |0.1|-|0.3| corresponds to a
weak relationship strength; |0.3|-|0.5| — moderate; |0.5]—
[0.7] — notable; |0.7]—|0.9] — high (strong); |0.9]-|1] — very
high [20].

The degree of return from quantitative and qualitative in-
dicators of the higher education system development is
determined through elasticity coefficients of the produc-
tion function [21]:

Y = X&-XF 2)

where Yis GDP per capita;

X, is level of population coverage by higher education;
X, is the quality (literacy) grade of specialists;

a. are elasticity coefficients for factors and , respec-
tively.

To assess the sufficiency of a pedagogical experiment
sample, the following formula is used [22]:

21—
55 = 2@ :’ztl p) 3)
where SS is the sample size;

Z(a) is the standard deviation defined according to the
selected confidence level (determined from the data in
Table 1);

a is the probability belief;
p is the sample variation;
¢ is the acceptable error level.

The effectiveness of the proposed methodology for de-
velopment of dialectical thinking and formation of inte-
grative concepts in students is determined by the follow-
ing equations [23]:

’?e=c_n 4)

where 7 is the coefficient of information acquisition ef-
ficiency;

C, is the coefficient of thoroughness and depth of mas-
tering information by students following the results of the
first assessment;

C. is the coefficient of thoroughness and depth of mas-

tering information by students following the results of the

i-th assessment.

=G 5)
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where C_ is the efficiency coefficient of acquisition in the

experimental group;

C,is the efficiency coefficient of acquisition in the control

group.

Statistically, the experimental results are confirmed by

the criterion 7°. Pursuant to the results of the proposed

methodology applied to develop dialectical thinking and

to form integrative concepts in students, a test was ad-

ministered, its results being subsequently formalized in

Table 2 [24].

In Table 2 O, is the number of objects (returns based on
the test results) in the j-th sample that fall into the j-th cat-
egory based on the condition of a property under study;

i=1, 2is the number of samples (sample 1 is experimen-
tal, sample 2 is control);

j =1, 2 is the number of categories (category 1 is cor-
rectly performed test, category 2 is incorrectly performed
test);

N =n1 + n2is the total number of observation objects.

Pearson’s x” is calculated by the formula [24]:

N
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When xZese ~ X%ap the null hypothesis of indistinction
between the sample characteristics values is rejected,
while at x%.se -~ X%y it is accepted with a specified prob-
ability.

RESULT

QUALITY OF HIGHER EDUCATION AS A FACTOR
IN ECONOMIC AND SOCIAL DEVELOPMENT

In the Russian Federation, the academic background
level of population is ever-increasing. The academ-
ic background level indicator consists of a quantitative
component (the level of population coverage by educa-
tion) that describes the prevalence of education in the
country and qualitative (adult literacy rate). During the
period under study, the level of coverage of Russian cit-
izens by education increased by 62.5% to reach 74.3%
in 2017. There is also an improvement in the quality of
education. For 1990-2017, the literacy rate of the pop-
ulation increased by almost 4% to reach 97% in 2017
(Figure 1) [25].
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Table 1: Values of normalized deviation

00(/; 60 70 80 90 95 97 99 997

4 0.84 1.03 | 1.29 [ 165 | 1.96 | 218 | 2.58 | 3.00

Table 2: Test results

Category 1 | Category 2 Number of objects in a sample

Sample 1 O, 0, 0,+0,,
Sample 2 0,, 0,, 0,+0,,
Number of objects by category | O, + O, 0,+0,, n,+n,=N
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Figure 1: Dynamics of the indicators of the academic background level of the population
in the Russian Federation, %

wmn Education Index —— GDP per capita (current Uss)

18000 Q.9
ie000 - 0,8
14000 Q.7
12000 0.6
10000 0.5
8000 0.4
6000 0,3
4000 0,2
2000 i | ] 0.1
o - e - - I . i i} ; o . . 58 | o
S £

Figure 2: Dynamics of the academic background level of the population and GDP per capita
in the Russian Federation
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Figure 3: Development trend in the academic background level of the population and innovative potential
in Russia, %
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A generalized indicator of education development in the
country is educational background index based on the
adult literacy rate index (aged 15 and older) and cov-
erage by elementary, secondary and tertiary education.
The indicator is measured in the range [0; 1] based on
the weighted average values of these particular indica-
tors [26].

In 1990-2017 the educational background index value in
the Russian Federation grew from 0.66 to 0.82, which in-
dicates an increase in the academic background level of
population (Figure 2). Despite the positive dynamics, the
indicator value remains at a low level since the indicator
level for developed countries should be 0.8-0.9 [26].

It should be noted that the positive dynamics of the ac-
ademic background level of population is accompanied
by increasing levels of GDP per capita in Russia (Figure
2) [27]. The value of the correlation ratio calculated by
equation 1 was 0.71, which is identified on the Chaddock
scale as a strong direct correlation [20]. However, despite
the growth of the country’s educational potential, the re-
turn of college-educated professionals has declined. This
is evidenced by a downward trend in the growth rate of
the state’s innovative potential, which updates the need
to address the problem of education quality improvement
in the Russian Federation (Figure 3) [28].

International practices show a varying degree of return
from the higher education system with a different combi-
nation of the number of professionals and the higher ed-
ucation quality. With an invariable number of profession-
als but with an increase in the quality of education, the
national income increases, this indicates the intensive
way of the education system development. Conversely,
with an invariable quality of education, an increase in the
number of professionals entails an increase in the na-
tional income and is characterized by the extensive way
of the higher education system development.

By constructing a derived function (Equation 2) between
the level of GDP per capita in the Russian Federation
for 1990-2017 and the number of college-educated pro-
fessionals and their literacy rate, the elasticity coefficient
values are calculated: a = 0.25; B = 0.57, respectively
(Equation 7).

Y = X10.25 .Xé).S? 7)

Since a<f, it is arguable that the return of the Russian
education system is more sensitive to the quality of ed-
ucation than the number of professionals. Thus, with an
increase in the level of coverage by higher education by
1%, GDP per capita will increase by 0.25%; with an in-
crease in the quality of professionals by 1%, GDP per
capita will increase by 0.57%. Hence, in present-day
conditions the state must ensure an intensive way of
development of the national higher education system in
order to ensure sustainable economic and social devel-
opment of the state.

Therefore, by 2010 the Russian Federation reformed its
national education system consistent with the Bologna
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Declaration and updated the federal state educational
standards for higher education [29]. The main transfor-
mation was the gnostic approach constituted as the basis
for a transformational change; it envisaged formation of
competencies in terms of active efforts and professional
activity in all of their aspects in students. Preference in
university activities is given to investment in human cap-
ital assets. For this purpose, a system of motivations for
students and teachers is created in the production of a
high-quality modern educational product.

One of the main functions of the Russian higher edu-
cation system is mass training of qualified specialists,
transfer of professional knowledge, skills, expertise and
standards within the framework of the gnostic approach.
In modern context, this function is performed by the in-
tegrative method and the method of complementary in-
struction for students.

Integration is interconnectedness, a systemic connection
into a coherent whole and, accordingly, the process of
establishing such connections, convergence, and unifi-
cation [30]. The principle of integration commits to trans-
form educational activity in the system of higher educa-
tional institutions taking into account the synthesis and
unification of educational areas, which involves obtaining
a comprehensive educational product that ensures for-
mation of integral qualities of a student’s personality and
their harmonious social engagement.

The main concept of the complementarity method in ped-
agogy and psychology is a generalized complementarity
principle: ‘in a system of properties of any object or sub-
ject, pairs of complementary and, in particular, opposing
properties, features or traits, whose simultaneous and
equally intense exhibition is impossible or unlikely, are in
relative stable asymmetrical harmony’ [31]. G.G. Grana-
tov defines the psychological and pedagogical principle
of complementarity as follows: ‘in the thinking and char-
acter of any person, a pair of complementary or oppos-
ing properties, forms or qualities, whose simultaneous
and equally intense exhibition is impossible or unlikely,
are in relative stable asymmetrical harmony’ [31]. That
is why truly dialectical thinking unites supplementary as-
pects: ideological-conceptual, subjective-emotional and
reflexive; it is only in this case when it can be identified
as pedagogical thinking.

The use of complexity and systematicity when structur-
ing the content of education, as well as the organization
of instruction process in higher education on the basis
of integration, makes it possible to formulate a system
of integrative concepts as a recommended sequence of
activities of a high level of generalization. In the context
of multidimensionality of disciplines in the education sec-
tor, which are not mutually exclusive but rather comple-
mentary, integrative concepts form an lateral, dialectical,
simultaneous and systemic thinking in students and pro-
mote development of a holistic perception of the world
and involvement of various mechanisms of cognitive and
research activity. In this regard, in the context of subject
diversity, the problem of continuous support and devel-
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opment of a concept integration system in the process
of teaching students in higher education institutions is
updated.

THE USE OF THE INTEGRATIVE METHOD AND
THE COMPLEMENTARITY METHOD IN
EDUCATIONAL PROCESS AS THE BASIS

FOR DIALECTICAL THINKING DEVELOPMENT

Taking into account the fact that the role of fundamental
sciences in bachelor-level programs is increasing, such
natural science courses as ‘Modern Natural Science
Concept’ and the ‘General Physics’ have been designat-
ed as the target of research in order to ensure systema-
ticity in educational process. These training courses are
a part of the bachelor degree program ‘Applied Mathe-
matics and Informatics’ [32].

Determination of these courses as a target of research
is conditioned by the fact that ‘Modern Natural Science
Concept’ is aimed at familiarization of students with
the key concepts of various natural sciences (physics,
chemistry, biology, etc.) in general cultural and historical
terms. The course ‘General Physics’ is studied concur-
rently and is aimed at familiarizing students with funda-
mental principles of physics and possibilities of their ap-
plication to address certain problems arising from further
professional activities. In other words, these academic
disciplines are designed to familiarize students with
the physical world view, to study theoretical methods of
analyzing physical phenomena, to acquire the skills of
experimental research of physical phenomena and pro-
cesses, and to develop students’ basic natural scientific
world outlook.

Analysis of the existing methodological support for the
course ‘Modern Natural Science Concept’ and ‘General
Physics’ has identified the following contradictions: be-
tween the creative nature of concept genesis in scientific
knowledge and a palliative method of introducing ‘ready’
knowledge in teaching; between the integrating function
of fundamental scientific concepts and inconsistent treat-
ment of the same concepts in these disciplines.

In order to resolve these contradictions, a pedagogical
experiment was conducted within the framework of the
research that has made it possible to identify features
of dialectical thinking development in students and spe-
cifics of integrative concepts formation in the process of
studying the academic disciplines ‘Modern Natural Sci-
ence Concept’ and ‘General Physics’, to determine the
teaching performance in these disciplines in terms of
cross-curriculum communications as a factor of knowl-
edge complementarity.

The use of pedagogical experiment as a basic research
approach is conditioned by the fact that the problem un-
der investigation lies predominantly in the subjectivist
plane, that is, at the level of its perception by an individu-
al [19]. Pursuant thereto, a method based on judgmental
evaluations of respondents was chosen as the research
approach.
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To achieve consistent experimental results, it is import-
ant to form a sampling frame by singling out from the
target of research a totality that would be subject to study
and would summarize properties of the general popula-
tion, that is, be representative.

For a large general population (>30 people), which is a
student body of technological faculties in the Russian
Federation, the sufficiency of a sampling frame for con-
ducting sociological research is determined by Equation
3.

The acceptable confidence level (Table 1), whereby re-
search findings are representative and statistically signif-
icant, is 90% (a = 90%), with confidence interval + 5%.
On the basis thereof, the required sampling frame size
totals 273 people. With this number of respondents, re-
sults of the pedagogical experiment will be representa-
tive.

The structural-functional model of the experiment is
shown in Figure 4.

The experiment covered 511 students of all nations
in the Nosov Magnitogorsk State Technical University
(MSTU) majoring in technological (171 people), physico-
mathematical (170 people), and ‘Pedagogy, Psychology
and Social Work’ training programs (170 people).

MSTU is one of the reputable comprehensive technical
universities in Russia. The university is famous at the
domestic and international level for its scientific schools,
has a broad geographical spread of creative and scientif-
ic links with major Russian and foreign universities. About
15,000 students study at the university and its branch to
major in 848 academic programs of higher education and
in 20 specialties of secondary vocational education [33].
Since the university has a ramified educational structure
and a large student body closely integrated into the do-
mestic and international educational process, as well as
high mobility, the results of the experiment conducted on
the premises of the university can be considered repre-
sentative of all Russian universities.

The experiment validity is also evidenced by the fact that
the sampling frame size of the experiment exceeds the
minimum required (273 people), with all nations and dif-
ferent areas of student training covered.

At the first stage, the stage of a trial pedagogical exper-
iment aimed at formation of an operational hypothesis
and research objectives, 511 first and second year stu-
dents were asked to supply a response to 7 dichotomous
questions of a worldview questionnaire (yes/no response
options) regarding: 1) belief in God, 2) attitude to money,
3) existence of a moral ideal, 4) existence of their own
thinking, 5) knowledge of the laws of straight sequen-
tial thought, 6) knowledge of the thinking pattern title, 7)
knowledge of the title of the scientific view of Nature.

Pursuant to this stage, the following results were ob-
tained. The number of faithful students was 98.8%; 99.0%
of them are aware that not everything can be bought with
money; 85.5% have a moral ideal, according to the ques-
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tionnaire; only a small fraction of students know the laws
of straight sequential thought — 28.2%; 56.0% reflect on
their own thinking; yet, 12.7% of them know that a think-
ing pattern has no title; conversely, 85.3% of them know
the title of the scientific view of Nature.

These data indicate a highly developed system of stu-
dents’ moral values, a mythological and religious worl-
dview but a low level of scientific knowledge, which
indicates an insufficient level of quality retention of ma-
terial in these disciplines. In this regard, there arises a
need to form a comprehensive world outlook in univer-
sity students based on increased level of scientific world
cognition using the integrative method and the comple-
mentarity method in the process of instruction. The ex-
perimental results at the first stage confirm the adequacy
and significance of the complementarity idea about six
known thinking styles and all four main worldview types
— mythological, religious, scientific- idealistic, and scien-
tific-materialistic — actually merging in a living and func-
tioning thinking of any individual [34, 35].

At the second stage of the experiment, a test was used
to check the residual knowledge of students in natural
science disciplines. The survey involved the same stu-
dents as at the first stage. The residual knowledge was
tested based on answers to questions concerning basic
concepts in physics, mathematics, computer science,
chemistry, ecology courses, such as ‘light’, ‘matter’, ‘dis-
placement flux’, ‘gravity’, ‘derivative’, ‘limit’, ‘probability’,
‘natural number’, ‘plane geometry’, ‘set’, ‘adapter’, ‘oper-

ating system’, ‘file systenm’, ‘defragmentation’, ‘archiving’,
‘valence’, ‘isotope’, ‘atom’, ‘ecosystem’, ‘biosphere’,
‘phytocenosis’, ‘microbiocenosis’, ‘biomass’, ‘producer’.

As may be inferred from the results obtained, the level
of residual knowledge of students (C) in natural science
disciplines is approximately identical, whilst low, for dif-
ferent training programs:

* 51% for technological programs (C, = 0.51);
* 49% for physicomathematical programs (C,, = 0.49);

* 41% for the program ‘Pedagogy, Psychology and
Social Work’ (C,,, = 0.41).

However, the thinking level and style of each student
can be estimated only tenuously based on these data.
For a more objective assessment of students’ thinking
style and, therefore, choice of the most effective meth-
od for forming a system of scientific ideas in students,
the authors administered tests on the following concepts
of modern physical worldview: conservation and short-
range interaction [36]. Residual knowledge of the con-
servation law principles was tested by questions related
to the ‘energy’, ‘motion’, ‘statics’, ‘dynamics’, ‘kinetic en-
ergy,” ‘potential energy,” ‘force’ concepts; kinetic and po-
tential energy identification assignments; kinetic energy
formulas for rotational and translational motion, the mo-
ment of inertia of a material particle, the potential energy
of a body lifted above the Earth, the potential energy of
bodies interacting through gravitational attraction, the
potential energy of an elastically deformed body.
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The short-range interaction testing encompassed ques-
tions on the essence of the ‘physical field’, ‘electromag-
netic interaction’, ‘gravitational interaction’, ‘gravitation
waves’, ‘particle’, ‘matter’, ‘impulse’, ‘speed’ concepts;
Maxwell’s electromagnetic theory, the laws of classical
dynamic mechanics.

As a result, it has been established that the knowledge
level of the physical worldview ideas (PWV) is as follows:

1. for the conservation concept: C.= 0.65, C,, = 0.62,
C,oo= 0.57;

PPSW ™
2. for the short-range interaction concept: C.= 0.37,
C.,=035,C,,=0.22

PPSW

The low level of knowledge in natural science disciplines
and physical worldview concepts confirms the hypoth-
esis of the need to form a comprehensive worldview in
university students on the basis of dialectical thinking
development and integrative concepts formation in stu-
dents when teaching‘ Modern Natural Science Concept’
and ‘General Physics’ courses.

In the process of elaborating methodological support for
these training courses taking into account the pedagog-
ical experimental results of the first stage, cross-curric-
ulum communications became an indispensable prereqg-
uisite and were ensured by implementing the following
principles [37]:

« the principle of eliminating duplication when studying

the same problems in class;

+ the principle of unity in the use of definitions when
teaching theories and laws, for example, when stu-
dents study the law of universal gravitation, the nat-
ural science worldview, the mechanical view of the
universe, etc.;

 the principle of unambiguous interpretation of basic
concepts, in particular, such categories as ‘scientific
worldview’, ‘light’, ‘complementarity’ and so on.

» the principle of taking into consideration skills ac-
quired in other academic disciplines;

 the principle of consistent approach to formation of
generalized skills and expertise (cognitive and prac-
tical). Within the framework of the experiment, the
generalized plan of A.V. Usova [38], as well as the
aggregate approach to problem analysis developed
by N.N. Tulkibayeva [39] were used;

» the principle of formation of a scientific worldview
and a notion of an overall scientific worldview;

» the principle of philosophical concepts formation.

In the process of methodological support development
for these disciplines, continuity (certain conformity with
traditions or studies available) and novelty became im-
portant criteria for ensuring cross-curriculum communi-
cations. At the same time, it was taken into account that,
under necessary conditions, continuity should prevail,
whereas novelty should prevail under sufficient condi-
tions. Thereby, the following factors were assigned to the
necessary conditions:
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* an increase in systematicity and ideological concep-
tuality in natural science disciplines (natural science
and physics) teaching, in particular, through special
academic training of students, including understand-
ing and use by students of the categories ‘concept’
and ‘idea’;

» implementation of systematic cross-curriculum com-
munications aimed at integration of narrow-subject
knowledge.

The system of sufficient conditions is based on:

» natural and optimal introduction of the ‘dialectical
thinking’ category and integrative concepts about
the method of complementarity, the natural scientific
worldview, light, etc. into the natural science syllabi;

» the use of special assignments and exercises of re-
flexive supplementary type aimed at knowledge of
the essence of objects merging with self-knowledge
[37].

Also, to improve the methodological support for the
above disciplines, the following framework modalities
were used:

» comparison of the PWV ideas with basic principles
(explanation, simplicity, correspondence, conser-
vation, observability) and characteristic features
(discreteness, continuity, approximation, static and
synthetical character) of the modern natural science
thinking style;

+ identification of those most fundamental of them,
that is, those with the highest information capacity —
the largest number of communications with the rest,
wherefrom the rest logically appear;

 identification of those defining basic properties of
space, time and motion, complementing them with
the modern models of space, time and the universe.
Grouping in accordance with the development stag-
es of PWV and CWV (chemical worldview);

 identification of those:

1.corresponding to the ideas of biological worldview
(BWV);

2.contradicting basic BWV ideas (for example, of
non-conservation, asymmetry, anti-entropicity, irre-
versibility) or able to be represented diadicly, in pairs
—in complementary unity;

» supplementing them with laws of ecology as an inte-
grative ‘co-evolutionary’ science.

+ identification of those able to be used in formation
of a subjective ecocentric type of ‘ecological con-
sciousness’ of man of the 21¢t century.

The second sufficient condition for ensuring cross-cur-
riculum communications is directly aimed at developing
integrative concepts and dialectical thinking in students
with the help of special assignments and exercises of
reflexive supplementary type. In the process of instruc-
tion, the following forms of the instruction process orga-
nization were used: a lecture; a problem-based seminar;
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business games; students’ individual work in the form of
assignments of reflexive supplementary type and analy-
sis of supplementary literature by students. In addition,
generalization and analysis of a complex of special ex-
ercises of cross-curriculum reflexive and supplementary
type have allowed for the conclusion that criteria for inte-
grative concepts formation in students should contribute
to a fairly objective assessment of:

+ the level of students mastering the complementarity
method concept;

» the level of mastering the concept of light, the sci-
entific worldview and other integrative concepts,
hence, the level of dialectical thinking formedness;

 the ability to correctly assess or determine the actual
and prospective styles of one’s thinking;

+ the ability to reflect (to think about the way one has
thought and acted in the recent past, to think about
the way one thinks, acts and controls their thoughts
directly, to think about a plan for forthcoming ac-
tions);

+ the ability to use, among other forms of evaluation,
element wise analysis of the level of mastering con-
cepts (including their own ones) [37].

According to the authors, it stands to reason that it is
impossible to form such skills in terms of an isolated
academic subject. All student courses should embrace
a consistent approach, in particular, in the formation of
scientific, much less integrative, ‘cross-cutting’ concepts.
In this regard, the complementarity method developed
in pedagogy and psychology by G.G. Granatov [31] has
become the background for development of dialectical
thinking in students in the disciplines ‘Modern Natural
Science Concept’ and ‘General Physics’ along with the
integrative method within the framework of the research.
Elaborating the above ideas in the current research, a
problem-based developmental programmed exercise
‘Evolution of the idea of complementarity’ was developed
for students to ensure the syllabi integrity in the process
of instruction:

1. What is the material essence of light?

a) light is streams of matter particles emitted by lumi-
nous bodies;
b) light is a mechanical process, it is a mechanical
wave in the elastic all-pervading ‘world ether’;
c) light is an electromagnetic wave in the ‘world elec-
tromagnetic ether’;
d) light is an electromagnetic field of optical radiation
characterized by mass and defined in structure.

2. What is the nature of light?
a) it has a material, substantial nature since it is radiat-
ed and absorbed by matter and consists of the small-
est particles of matter — light corpuscles;

b) light has a mechanical nature since it represents
transmission of elastic impulses in the ‘world ether’;
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c) light has a dual wave-corpuscule nature;

d) having a single electromagnetic nature, light has
dual wave-corpuscule properties.

3. The dualism of light lies in the fact that:

a) there is some periodicity in the motion of light cor-
puscles associated with their own rotation exciting
elastic etheric waves;

b) the elementary particles of an electromagnetic field
(photons) it consists of take turns to exhibit their wave
and corpuscular properties;

¢) having a discrete, photonic structure and wave-like
motion, it variously exhibits these contradictory prop-
erties under different conditions;

d) light behaves like a wave during propagation, while
behaving like a stream of particles during radiation
and absorption.

4. What is light (choose the correct definition)?:
a) light is a beam of rays emitted by luminous bodies;

b) light is an electromagnetic quantized field of optical
radiation;

c) light is electromagnetic waves perceived by the hu-
man eye;

d) light is the field of any electromagnetic radiation, a
photon gas.

5. In your opinion, what is the most common understand-
ing of the idea of complementarity:

a) in the essence of light, its corpuscular and wave
properties coexist in a harmonious unity mutually
complementing each other but normally not exhibit si-
multaneously;

b) in thinking and in personality, pairs of opposing or
complementary properties or traits are in a relatively
stable and asymmetric harmony, their simultaneous
and equally intense exhibition being impossible or un-
likely;

¢) in the system of properties of any object or subject,
pairs of complementary and, in particular, opposing
properties or qualities are in a relatively stable and
asymmetric harmony, they coexist, their simultaneous
and equally intense exhibition being impossible or un-
likely;

d) as the saying goes, ‘Extremes meet’, ‘Good and
evil walk alongside’ but, optimistically, with the hope
for a better future, there is a conclusion: ‘Every cloud
has its silver lining,” ‘It was a blessing in disguise’.

6. Which way to construe the idea of complementarity
most explicitly conveys its genuine link with the idea of
conservation:

a) in the process of social development, the class
struggle persists and is continually exacerbated and
embittered, so that there are hardly any periods when
its intensity lessens — periods of harmonious comple-
mentarity of class interests, elimination of fundamen-
tal class contradictions;
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b) in the process of development of any objects, the
unity and continuous ‘struggle’ of fundamentally op-
posite properties is always preserved, which is the
source and the engine for development of nature, so-
ciety and thinking;

c) itis not only the interaction of opposites, but also the
tendency or aspiration of matter and consciousness to
a relatively stable harmony of properties that is the
source of development — a spiral rhythm of changes
in these properties is also preserved in this develop-
ment, but the rate of this change does not remain con-
stant, it is continuously discrete: long-term, smooth
and small (quantitative) changes in properties lead to
frenetic, accelerated qualitative changes (leaps);

d) between the old (classical) and the new (revolution-
ary) knowledge, there is a continuum genetic affinity
— a dialectical negation: the new is not in complete
denial of the old, but rather contains the most rational
part of it, complements it, transforms into it in a pas-
sage to the limit, clarifies the scope of its application.

7. Which complementarity in thinking terms appeals to
you the most, which of them is ‘to your liking’?

a) the conscious and subconscious, spirit and matter
— that is, a spirit not too ‘burdened’ with matter and
consciousness when ‘twilight of consciousness’ falls,
times of enlightenment with flashes of insight and clair-
voyance come — so-called ‘twilight of the gods’ (albeit
the saying: ‘Education is light, ignorance is darkness’);

b) asymmetric harmony of the sensual, emotional and
colorful — that is, its ‘elation’ and reasonable discipline
of cognition, whereas the ‘memory of heart’ keeps
dominating ‘the lamenting memory of reason’;

c¢) the content and the form with a reasonable unity
of formal logical laws and general opposite thinking
forms (analysis and synthesis, abstraction and con-
cretization, deduction and induction);

d) practice and action first (without prior restriction of
freedom), and then theory as a necessary combina-
tion of freedom and discipline (in particular, in the ‘trial
and error’ method);

e) theory first (analysis of the situation with foresight,
forecasting possible outcomes and assessing activity
options), and then practice the pre-eminence of con-
scious discipline of thought over its freedom.

Each of the possible answers given in the first six para-
graphs appeared as scientific (relative) truth at the time,
but correct answers from the standpoint of modern sci-
ence and from the standpoint of the requirements of the
questions (points) themselves are the following: 1-d; 2-d;
3-c; 4-b; 5-c; 6-c. In the seventh question, you actual-
ly were to choose the desired and actual style that is
characteristic of you (now dominant), or rather a thinking
‘monostyle’: 7-a — reasonable but cold, all-pervading; 7-b
— one of the dialectical types, prevalently altruistic, giving
‘warmth’ and ‘light’ to other people; 7-c — formally logical,
rational, punctual, but also prevalently ‘cold’; 7-d — one of
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the empirical types; 7-e — theoretical. Yet, you are most
likely characterized by a combination of two (for exam-
ple, those you selected when reading this program for
the first and second time) or even three thinking mono-
styles, and you are already able to accept and feel which
ones. Assignments of psychological and pedagogical
type for this programmed exercise will be given below
(based on didactic considerations)

Assignments for the problem-based developmental
exercise

1. If you performed this exercise in two stages (in two
ways —with intuition prevalent over consciousness
and vice versa), which of these ways proved to be
more fruitful, more effective for yourself? Why? (Try
to contemplate on possible reasons therefore for
your own information).

2. In your opinion, did all the thinking properties em-
phasized above prove themselves while you were
performing this task? How about those not empha-
sized? Did they ‘work’?

3. Is the correct definition of light in 4-b a form of con-
cept definition through the nearest genus and gener-
ic differences?

4. Which understanding of the complementarity idea
(from those given in paragraph 5) can be considered
a form of defining the psychological and pedagogical
principle of complementarity? (Answer: 5-b)

5. Which of the answers in this program can be consid-
ered a definition of the general scientific correspon-
dence principle? (6-9)

6. In your opinion, which ones in the above pairs of
properties dominated in your thinking when reading
for the first time, and which ones — for the second
time? Perhaps, during the second, more methodical
reading, all the properties emphasized by the au-
thors dominated?

7. Is it possible to consider the above-mentioned pair,
binary representation of the thinking properties to be
one of the forms of their definition?

8. Which ones in each pair of these properties reflect
the first nature of human thinking to a greater extent
(compatibility with to the ‘nature of things’, its natu-
ralness — almost according to J. Dewey (52, p. 26) —
its spontaneity or ‘freedom’) — its natural conformity
(83, pp. 99-100)? Maybe all those not emphasized?

9. As a reflection of the second nature of man, the cul-
ture of thinking (truly actualizing the ‘link of times’) is
first and foremost indelible marks of their past expe-
rience imprinted in the subconscious (in the form of
habits, morals, manners, habits, dominant thinking
style, etc.) But the cultural congruence of thinking
is a broader category (conscious-subconscious),
whose forms are also conceptual or emotionally per-
ceived concepts, ideas, beliefs, images or pictures,
skills, etc. in the consciousness. Is it possible to say
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that all the thinking properties emphasized rather re-
flect its cultural congruence to a greater extent?

10. Have all the four steps (or blocks) mentioned above
been implemented in performing this exercise to
contribute to the development of your concepts of
light and the complementarity principle? Where, in
which paragraphs or response options (or in what
part of this chapter) did you find the core — the ‘mo-
ment of truth’ in comprehending their essence?

DISCUSSION

Dialectical thinking does not only involve understand-
ing the universality of connections or the realization that
each concept is in a certain relationship and connection
with other concepts, but also availability of professional
skills to show the relationship dialectics of the subjects
under study and dialectics of the cognition process itself.
With reference thereto, the pedagogical experiment was
implemented over a semester — the period of ‘Modern
Natural Science Concept’ and ‘General Physics’ studies
by students. After studying these disciplines within the
framework of the experiment, criteria for ‘transition’ of
students’ thinking from one to another level of dialectical
thinking developed in them have been substantiated in
order to assess the efficiency of the proposed recom-
mended practices implementation:

» a ‘transition’ corresponding to a transformation of
formal knowledge into concepts, skills and expertise
with an increase in their generalization, irreversibili-
ty (solidity), convolution, with awareness of phasing
and a growth in systematicity;

» compliance with the four levels of development of
the problem-solving ability in students [40];

» a change of the dominant element in the actual rel-
atively stable asymmetric unity (complementarity) of
‘freedom’ and ‘discipline’ in the thinking of a student
with their independence growing;

+ a kind, level and type of pedagogical reflection and
the development stage of the complementarity meth-
od concept (basis, core, consequence and general
critical interpretation) associated with this level.

In setting up a correspondence between the coefficient
values of thoroughness and depth of integrative con-
cepts acquisition and the levels of dialectical thinking
development, a scale by V.P. Bespalko [40] was used:

‘0’ level: C< 0.5 (elementary empirical);
I level: 0.5<C£ 0.7;

(schoolish)

Il level: 0.7<C£ 0.8;

(methodical)

[l level: 0.8<C£ 0.9;

(research)

IV level: 0.9<C£ 1.0.

(instructive, methodological)
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It is to be recalled that here C is the coefficient of thor-
oughness and depth of mastering concepts and skills by
students calculated by the method of elementwise anal-
ysis developed by A.V. Usova [38].

In many exercises, the authors conducted three assess-
ments. Thus, for example, the programmed exercise
(with a simplified program) improved by the authors ‘Evo-
lution of the ideas of light (and complementarity) was
performed by students three times. The elementwise
analysis of the last assessment data showed that the de-
velopment efficiency ratio (thoroughness of acquisition)
of the light concept for the experimental group turned out
to be rather high — 0.99. This has allowed for the conclu-
sion that for most students, the idea of light (and comple-
mentarity) has transformed into a mature and systemic
concept.

The acquisition efficiency ratio of the light concept con-
tent, when comparing the results of the third and first as-
sessments calculated by Equation 4, turned out to be
quite high: Me = 3.41.

Despite the great importance of the acquisition efficiency
ratio, according to these data, it is possible to estimate
at what level of dialectical thinking development each
student is and at what stage of acquisition of the idea
and method of complementarity they eventually are only
tenuously or not quite accurately.

Using the method of comparative evaluation by Equation
5, the authors have calculated comparative efficiency
ratios of the methodology used in the acquisition of the
light concept:

029
@ =22 =088 L _em_ e
099 1.52 2 0.47 '

3= 065 0%

where au, a2 a3 are comparative efficiency ratios based
on the results of the first, second and third assessment,
respectively.

Subsequent to the experimental results of the final stage,
it can be said that the conventional organization of in-
struction in the form of lectures and practical sessions
also contributes to the development of dialectical think-
ing in students to a certain extent since the efficiency ra-
tio of acquisition of the light concept in the control group
increases from 0.33 after the first assessment to 0.65
after the third one.

A detailed analysis has shown that the mastery level of
the investigated concepts in the control group was sig-
nificantly lower. This conclusion is also confirmed, in par-
ticular, by a comparison of the results of the programmed
task ‘Development of the idea of complementarity’, com-
piled by the authors, that the students in those groups
performed while studying the course ‘Modern Natu-
ral Science Concepts’ and the summary of the course
‘General Physics’. Thus, the acquisition efficiency ratio
of the idea (in the form of a principle and a method) of

Journal of Applied Engineering Science Vol. 16, No. 2, 2018
ISSN 1451-4117



of higher education in technical universities

Natalya Aleksandrovna Plugina - Development of dialectical thinking in students as a factor in improving the quality “ B8 Ly

complementarity in the experimental group after the third
assessment turned out to be Re = 0.94, whereas in the
control group Rc = 0.63. As you can see, in this section
the efficiency ratio of the methodology (on the comple-
mentarity idea development) used is a3 = 1.49.

In the course of the research, the authors also conducted
two assessments on the special theory of relativity. Here
too, with almost identical initial conditions (Rc = 0.58, Re
= 0.62), similar results were obtained after the second
assessment: Rc = 0.69 in the control group and Re =
0.90 in the experimental group. The efficiency ratio of the
technique used is 1.30.

Based on the analysis of the above results, inference
should be drawn that if the above pedagogical conditions
are met, the proposed methodological recommendations
for dialectical thinking development in students of tech-
nological, physicomathematical and psychological fac-
ulties of Russian universities are quite effective, since
the acquisition efficiency of natural science disciplines
pursuant to their application increases by a factor of 1.3-
1.52.

This conclusion is confirmed by the use of the statistical
method — criterion 7° [24]. Calculations have shown that
the numerical value of ‘Chi-square’ (7°) calculated by
Equation 6 is 9.87, which was much higher than the ‘Chi-
square’ critical (3.84) corresponding to the significance
level of 0.05 and a single degree of freedom. Hence, the
‘null hypothesis’ about the possibility to achieve such
sufficiently high results in development of integrative
concepts and dialectical thinking in students accidental-
ly is discarded; the significant differences between the
samples are conditioned by the proposed methodology
implementation; the conclusion about its high efficiency
is reliable and the set of pedagogical conditions that de-
termine its success is necessary and sufficient.

The use of the integrative method and the complemen-
tarity method in the process of elaborating methodologi-
cal guidelines in the disciplines ‘Modern Natural Science
Concept’ and ‘General Physics’ as well as the use of the
conventional method for instruction organization have
contributed to the development of dialectical thinking in
students by:

» demonstration of the role of scientific concepts and
ideas;
» substantiation of forms and styles of thinking;

» formation of a general worldview and a thinking pat-
tern in students;

» considering and understanding of the general four-
stage structure of any concept;

» foundation of the essence of formation of systemic
and non-systemic facts;

* generalization of the ‘concept’ category interpreta-
tion;

+ selection of styles of dialectical thinking and an opti-

mistic hypothesis about these styles merging in any
person ‘in the norm’;
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« focus on distinguishing the actual and prospective
styles of thinking;

+ classification of subject matters into material and
ideal ones;

» determination of the principles of complementarity;

» substantiation of the nature of dialectical thinking es-
sence;

» generalization of the treatment of dialectics.

The experimental and theoretical research carried out
has confirmed the effectiveness of using the integrative
method and the complementarity method with the aim
of developing dialectical thinking in students in the pro-
cess of studying the courses ‘Modern Natural Science
Concept’ and ‘General Physics’. In other words, the hy-
pothesis of improving the quality of education through
integrated concepts formation in the framework of ensur-
ing interdisciplinarity in the learning process has been
borne out by events. This approach serves as the basis
for implementation and achievement of the maximum ef-
ficiency of the gnostic approach in the national education
system.

CONCLUSIONS

The empirical investigation results have allowed for the
following conclusions:

1. Against the backdrop of a robust relationship be-
tween the quality of higher education and economic
and social development in the Russian Federation,
the national policy should prioritize the intensive way
of higher education development (its qualitative com-
ponent) over the extensive way within the framework
of the gnostic approach, guaranteeing the compre-
hensiveness and systematicity when structuring the
content of education.

2. Within the framework of the research, dialectical
thinking in students of higher educational institutions
was evaluated through the example of the academ-
ic disciplines ‘Modern Natural Science Concept’ and
‘General Physics’ using conventional methods of
instruction organization. The result of the pedagog-
ical experiment have attested to a highly developed
statement of students’ moral values, their mytho-
logical and religious world outlook, but a low level
of scientific cognition and residual knowledge. The
maximum coefficient of residual knowledge (C) is
0.51. The data have allowed for the conclusion of
the necessity to use the integrative method and the
complementarity method when elaborating method-
ological guidelines for disciplines and the education-
al process organization as the basis for integrative
concepts and formation of integrated thinking in stu-
dents.

3. The core principles for elaborating methodological
support for the academic disciplines ‘Modern Nat-
ural Science Concept’ and ‘General Physics’ that
facilitate and ensure cross-curriculum communica-
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tions in the training process are: elimination of du-
plication, unambiguity of concepts and unambiguity
of interpretations. An important criterion for ensuring
cross-curriculum communications is continuity and
novelty.

. Substantiation of the necessity to use special as-
signments and exercises of reflexive and supple-
mentary type in the organization of instruction has
made it possible to formulate and argue the criteria
for integrated concepts formedness in students as a
factor in dialectical thinking development.

. Taking into account the complementarity method,
the problem-based developmental programmed ex-
ercise ‘Evolution of the idea of complementarity’ has
been developed to ensure the integrity of syllabi,
their interdisciplinarity, development of professional
skills to demonstrate the relationship dialectics of the
subjects under study and the dialectics of cognition
process in the framework of integrative concepts.

. The criteria formed for a ‘transition’ of a student’s
thinking from the actual one to another level of dia-
lectical thinking developed in them and the use of a
scale of correspondence between the values of the
coefficients of thoroughness and depth of integra-
tive concepts acquisition and the levels of dialecti-
cal thinking development have testified to effectively
elaborated methodological support for the disciplines
and the organization of instruction using the comple-
mentarity method and the integrative method. The
efficiency ratio of the guidance papers utilization was
a3 = 1.49. In general, it has been proved that if the
above pedagogical conditions are met, the suggest-
ed methodological recommendations for dialectical
thinking development in students of Russian HEls
are quite effective, since the efficiency of acquisition
of natural science disciplines as a result of their ap-
plication increases by 1.3-1.52 times.

. The proposed practical developments to improve
the training process based on the complementarity
method and the integrative method will contribute
to improving the quality of education in the Russian
Federation. In turn, this will ensure effective imple-
mentation of the gnostic approach in education as a
factor in enhancing intellectualization of modern pro-
duction, on the one hand, and providing a high level
of knowledge — a component in human potential, on
the other hand.
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