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ABSTRACT

The article discusses the issues of improving the educational process by changing the system of methodological support
in technical universities of Russia, individual academic disciplines, taking into account the use of modern technologies that
combine the traditional ways of organizing the educational process and techniques and methods, based on new ideologi-
cal and psychological settings, achievements engineering thought. The article traces the relationship between the content
of the subject and the methodology of its teaching through the disclosure of the essence of the electronic educational and
methodological complex (hereinafte-EUMC), as well as the integration of the theoretical and methodological components
of the subject. Applying the technology of modular-rating training, in the research process an improved EUMC was created
using the example of the discipline “Mathematics”.

Keywords: Electronic educational-methodological complex, technology of module-rating education, automated system
Educon, students of engineering specialties.

RESUMEN

El articulo discute los problemas de mejorar el proceso educativo al cambiar el sistema de apoyo metodolégico en las
universidades técnicas de Rusia, disciplinas académicas individuales, teniendo en cuenta el uso de tecnologias modernas
que combinan las formas tradicionales de organizar el proceso educativo y técnicas y métodos, basado en nuevos esce-
narios ideoldgicos y psicoldgicos, logros de ingenieria de pensamiento. El articulo traza la relacion entre el contenido de la
asignatura y la metodologia de su ensefianza a través de la divulgacion de la esencia del complejo educativo y metddico
electronico (en adelante, EUMC), asi como la integracion de los componentes tedricos y metodolodgicos de la asignatura.
Aplicando la tecnologia de capacitacion de calificacion modular, en el proceso de investigacion se cre¢ un EUMC mejorado
utilizando el ejemplo de la disciplina “Matematicas”.

Palabras clave: Complejo educativo-metodolégico electrénico, tecnologia de educacion de calificacion de modulos,
sistema automatizado Educon, estudiantes de especialidades de ingenieria.
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INTRODUCTION

After the signing of the Bologna Declaration, Russia ente-
red into a single European educational space and signi-
ficant changes began to occur in the system of Russian
higher education. The reform also affected engineering
education, began to introduce federal state educational
standards of higher education - standards of the “third
generation” based on a competency-based approach,
which entailed the introduction of new technologies, tech-
niques, teaching methods into the educational process.
This is due to the fact that the modern economy is focu-
sed on specialists in engineering and technical special-
ties who do not possess scattered knowledge, but gene-
ralized skills, manifested in solving life and professional
problems, and the ability to communicate. In addition, in
many small and medium-sized cities of Russia unique in-
dustries are concentrated, oil and gas processing enter-
prises, research institutes and institutions that are in dire
need of modern qualified engineers. A continuous increa-
se in their level of knowledge, skills and abilities is neces-
sary in connection with greater openness, the engineering
sector entering the international level of cooperation and
the improvement of new technologies, the transition to
conversion technologies, and the exchange of experience
between different countries.

In accordance with the standards of the “third genera-
tion” there was a redistribution of the academic load: a
decrease in the hours of classroom instruction and an
increase in the share of students’ independent work. In
this regard, in order to ensure and improve the quality of
the educational process in a technical university, along
with traditional teaching aids, it is necessary to develop
and implement modern information technologies that will
provide comprehensive training for specialists in the field
of engineering and technology for innovative enginee-
ring activities. A possible solution to this issue could be
the introduction of electronic educational and methodo-
logical complexes (hereinafter - EUMC) into the educa-
tional process, which will allow a fundamentally new way
to organize independent work of students of engineering
and technical specialties, increase the level of success
of students mastering educational programs by almost
1.5 times, to strengthen interdisciplinary ties and stren-
gthen the practical orientation of many taught courses,
successfully and quickly adapt students and teachers to
the specifics of academic subject, to increase the profes-
sional level of teachers in connection with the dynamic
changes in EUMC.

By EUMC, we mean a combination of structured teaching
materials combined through a computer-based learning
environment, providing a complete didactic training cycle

and designed to optimize the student’s mastery of profes-
sional competencies within the framework of the acade-
mic discipline.

Various aspects of improving the methodological support
of the educational process represented the sphere of
scientific interests of many researchers. The importance
of applying innovative teaching methods in the classroom
is reflected in many studies published in our country and
abroad. Recently, a large number of studies have appea-
red that consider the content of electronic courses in va-
rious disciplines using virtual teaching aids (Brinson, 2015;
Broadbent & Poon, 2015). Of particular interest to us are
works that address the use of electronic resources and
modular training programs; monitoring the activities of a
large number of students through the use of EUMC, provi-
ded that the number of class hours is reduced; individual
communication between teacher and student through the
use of information and communication technologies to op-
timize academic performance. Many scholars have noted
that the use of EUMC as part of the study of disciplines
stimulates the development of various mental abilities in
students. The works of foreign authors emphasize the im-
portance of personality-oriented planning of the content
of EUMC in the disciplines, taking into account the de-
velopment of professional competencies among students
(Caputi & Garrido, 2015). We were also interested in the
experience of using EUMC at the Department of Electric
Networks and Electrical Engineering of Tomsk Polytechnic
University, in the development of which it is necessary to
take into account the didactic, psychological, methodolo-
gical and ergonomic requirements for e-learning resour-
ces (Fix & Troshchinskiy, 2015).

So, despite the ever-increasing level of computerization of
the education sector, it should be noted the low efficiency
of the use of computer technology in the teaching process
and the lack of high-quality modern electronic tools in
specialized engineering disciplines. In this regard, the ur-
gent problem of providing the educational process with in-
novative developments, namely the possibility of applying
EUMC in the process of teaching a particular discipline,
taking into account the capabilities of the system of higher
engineering education.

METHODOLOGY

Pilot work was carried out on the basis of the Tyumen
Industrial University, during which the EUMC was deve-
loped and implemented in the discipline “Mathematics”.
The importance of this discipline for our research was de-
termined by the fact that as a result of training, qualities
such as the ability to abstract, generalize, analyze, and
critical thinking are formed; it requires constant tension
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of attention, perseverance, the ability to focus; reinforces
good work skills among students of engineering special-
ties. EUMC is built on the technology of web pages and
is, in fact, a site. This made it possible to structure the
material, equip it with graphic objects, make it visual and
streamline the student’s direct work with him.

The created EUMC in mathematics has significant advan-
tages over other complexes and they are as follows: all
teaching materials meet the requirements of the federal
state educational standard of higher education; contains
copyrighted teaching materials created by highly quali-
fied teachers; clear structuring of educational material;
the inclusion of a variety of supporting materials in the
structure of the EUMC (glossary, guides, interactive cros-
swords, tasks, etc.); allows you to directly connect to the-
matic Internet resources in the process of work; creates
an opportunity for creative initiative of teachers; work with

Table 1. The structure of the EUMM in mathematics.

professionally oriented tasks in mathematics; the possibi-
lity of self-monitoring and monitoring of knowledge among
students; regular direct communication between the tea-
cher and students through the use of chats; the presence
of inter subject links.

In this work, the basic principle of creating a EUMC for
preparing students is an understanding of the integrity of
the learning process, which is ensured by the unity of the
teaching, developing and controlling influences on the
educational and cognitive activity of students.

In accordance with the didactic, methodological and
psychological-pedagogical requirements for computer-
based training systems, the structure of the EUMC in the
discipline “Mathematics” is defined, which can serve as
a model in the development and implementation of the
EUMC in any other discipline (Table 1).

GEF HE Professional standard Working programm
Questions, tasks, tests for incoming | Survey to determine the motivation for
control studying the discipline
Input ; .
block Recommendations  for  updating
knowledge and studying the discipli- | Discipline study schedule
ne
Lecture course summary
Professionally-oriented tasks
Traini Tests for self-control, remote communication with the teacher Information interaction with the tea-
rainin
unit ¢ Basic and additional literature, online sources, individual creative assignments cher o
T U ; ; X (personal communication, chat, fo-
Guidelines for the study of discipline, for practical exercises, for preparing for | m email etc.)
independent work, for performing test work, virtual laboratory complexes ’ '
Glossary
Self
control Questions, tests for self-control Interactive, professionally oriented tasks
unit Results of Interim Control and Re-
search
Egﬁearch Internet conferences, sites, forums Research topics
Final , Y , Technological map of the study of
block Final work on discipline Tasks for the final control, survey discipline

This structure is due to the principle of comprehensive
support of the educational process and the use of the tra-
ining system in all types of classes.

Below is a version of the EUMM in mathematics in the
EDUCON support system at Tyumen Industrial University.

The basis of the design of the EUMC for the vocational
training of students of engineering and technical spe-
cialties was laid on the requirements: as a didactic tool

(the requirements of science, accessibility, problematic,
visual, systematic and consistent learning, activity and
consciousness of students in the learning process, the
strength of mastering knowledge, the unity of educatio-
nal, developing and educational functions of learning);
as a means of new information technologies (individua-
lity, interactivity, adaptability of learning, systematic and
structurally-functional connectedness of the presentation
of educational material).

Volumen 12 | Nimero 2 | Marzo-Abril, 2020

200



UNIVERSIDAD Y SOCIEDAD | Revista Cientifica de la Universidad de Cienfuegos | ISSN: 2218-3620

The use of electronic EUMC has led to a change in the
ratio between classes conducted under the guidance of
a teacher and independent work of students. At the same
time, the role of the teacher did not decrease, since in the-
se conditions the learning process becomes managea-
ble, its forms and methods are being improved.

In the course of the pedagogical experiment, students
were questioned in order to identify their opinions on the
appropriateness of using EUMC in the studied discipline.

Mathematics is the basic discipline for students of en-
gineering and technical specialties 1-2 courses of the
Tyumen Industrial University of the direction “Oil and Gas
Business”. In total, 102 (4 groups of students) people took
part in the experimental work. Classes in one group were
conducted according to traditional technology (control
group), other groups were experimental, and they used
didactic support developed by the author. Students of
the control group studied according to traditional techno-
logy (attendance at lectures, practical classes). For the
training of experimental groups, EUMC was additionally
introduced into the educational process in mathematics,
taking into account the technology of modular-rating tea-
ching, which allowed working in a computer class to in-
dependently study theoretical material. The technology
of modular-rating training is actively involved in creating
EUMC through the organization of the educational pro-
cess, through a modular version of a workbook or study
guide, of which tests are a part. This technology allows
you to combine classroom work with independent, which
significantly activates the mental activity in the course
of training. For a long time, students performed various
mathematical tasks, and of varying difficulty, passed co-
lloquiums, worked on creative tasks. Each student formed
his own rating in the discipline

At the beginning of the experimental work, we checked
the initial level of basic training of first-year students. The
basic training of first-year students was approximately the
same and the average score was 3.2 points. This gave us
the opportunity to identify weaknesses in the preparation
of students and adjust the learning modules.

The study of theoretical material for the control and ex-
perimental groups was accompanied by periodic current
monitoring organized by the teacher in various ways: a
written survey, testing using the Conversation program in-
cluded in the EUMC, final lessons using active teaching
methods, and consultations on the analysis of unclear
questions that students had in the process of learning the
course.

Upon completion of training, questionnaires were con-
ducted in the experimental groups in order to find out the

students’ opinions on issues reflecting the most important
features of the teaching technology using EUMC and the
perception of material by including EUMC in the educa-
tional process, its impact on obtaining quality knowledge.

RESULTS

Upon completion of training, questionnaires were con-
ducted in the experimental groups in order to find out the
students’ opinions on issues reflecting the most important
features of the teaching technology using EUMC and the
perception of material by including EUMC in the educatio-
nal process, its impact on obtaining quality knowledge. At
the same time, almost 100% of students consider the use
of computers and computer training programs reasona-
ble in the study of theoretical, especially technical, disci-
plines. Students also note that they have the opportunity
of a new, open and full access to educational materials
in accordance with the specialization of training. The fo-
llowing data testify in favor of using EUMC in the educa-
tional process: 100% of students believe that computer-
based training programs, in particular EUMC, have great
demonstration capabilities; 60% note the intensification of
independent work, 54% say that EUMC significantly facili-
tates the understanding and study of the material. Among
the mentioned answer options, only 4% of students belie-
ve that computer-based training programs tire and reduce
their working capacity; 80% of students prefer to study
independently on the electronic educational-methodical
manual with the simultaneous consultation of a teacher;
89% of students note the ease in mastering new computer
programs and, as confirmation, speak of improving per-
ception and facilitating the process of studying educatio-
nal material, enhancing cognitive activity, and changing
the usual ways of working. However, 5% say that they
partially do not perceive information. Among the features
of the EUMC that contribute to the assimilation of educa-
tional information and the acquisition of quality knowled-
ge, students distinguish the following: a large number of
illustrative material (drawings, diagrams, charts, tables,
etc.) was noted by 90% of respondents, structured mate-
rial - 82%, the possibility of immediate self-examination of
knowledge with the help of a training manual and a testing
program, the logical sequence of presenting information
is 54%, the possibility of obtaining new knowledge and
skills of professional activity is 74%, 74% of students liked
the developed EUMC in the discipline, 21% of respon-
dents chose the answer “rather liked it”, 4% did not like
the complex.

At the end of the second year, we conducted a final test
module “Basic concepts of probability theory” of students
in the control and experimental groups (Table 2).
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Table 2. Students knowledge level experimental and
control groups.

Experimental
Control

Knowledge level groups ontrof group

in points Input Final Input Final

testing | testing | testing | testing

92 -100 o . . R
(fine) 14% 52% 15% 18%
76 — 91 o . . R
(good) 72% | 36% 69% | 24%
61-75 o . . R
(satisfactorily) 14% | 12% | 16% | 58%
Less than 61
points 0 0 0 0

The level of assimilation of knowledge was determined
according to the method proposed by Bespalko (2017),
according to which the control test consists of tasks and
a standard, a sample of their complete and correct im-
plementation, and the amount of acquired knowledge
is characterized by the number of knowledge elements
reproduced by students. The coefficient of this indicator
was the ratio of the number of acquired knowledge ele-
ments to the number of knowledge elements available in
the content of educational material.

To (volume) = the number of all learned elements of
knowledge / number of knowledge elements in the
standard.

From the above data it follows that the results of qualitative
performance in students of the experimental group where
EUMC was used are significantly higher than the control.

At the controlling stage of the experiment, we rechecked
the effectiveness of EUMC through a comprehensive test
in mathematics, which includes 10 tasks and the solution
of one professionally oriented problem (using the exam-
ple of one of the complex topics of the course - “Solving
Differential Equations”).

Evaluation of the effectiveness of using EUMC in the edu-
cational process was determined using quantitative and
qualitative indicators. To quantify the effectiveness of
EUMC, we used a “regressive” technique based on com-
paring the results immediately after studying the topic and
after completing the study of the mathematics course (in
the control paper No. 2 there were also 10 tasks and one
professionally oriented task, similar in content and com-
plexity to control work No. 1). For the experiment, two
groups were randomly formed from the experimental and

control flows of 15 people each. After the control work No.
1, the following results were obtained (Table 3).

Table 3. Data on the academic performance of students in
experimental and control groups according to the results
of control work No. 1.

Experimental group
Points 0-60 | 61-75 | 76-91 | 92-100
Number of works 0 1 4 10
Control group
Points 0-60 | 61-75 | 76-91 | 92-100
Number of works 3 6 6 0

Then, a random sample of these groups was compiled:
they took 6 works from the experimental group and 9
works from the control group (Table 4).

Table 4. Data on the student performance of the experi-
mental and control subgroups according to the results of
the control work No. 1.

Experimental group
Points 0-60 | 61-75 | 76-91 | 92-100
Number of works 0 0 1 5
Control group
Points 0-60 | 61-75 | 76-91 | 92-100
Number of works 2 6 1 0

The hypothesis HO was tested - the proposed methodo-
logy for conducting classes using EUMC is ineffective.
Alternative hypothesis H1 - the proposed methodology for
conducting classes using EUMC is effective. We perfor-
med a statistical evaluation of the effectiveness of the pro-
posed methodology for conducting classes using EUMC
using the two-way McNamara criterion. Since F nab> F
crit, the null hypothesis HO is rejected and the hypothesis
H1 is accepted that the methodology for conducting clas-
ses using EUMC is effective.

Also, at the end of the fourth semester, students from
the control and experimental groups participated in the
Internet exam in the field of vocational education (FEPQO),
which was carried out in the form of computer testing (44
tasks). FEPQO, in our opinion, allows you to objectively as-
sess the degree of compliance of the content and level of
training of students with the requirements of the Federal
State Educational Standard (Table 5).
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Table 5. Online Exam Results.

Groups Number of students (X = 80 %) Number of students (50%=< X < 80%) Number of students (X < 50%)
Control 4 (13%) 12 (40%) 14 (47%)
Experimental 20 (28%) 47 (65%) 5(7%)

Within the framework of FEPO, a model for assessing lear-
ning outcomes is used, which is based on the approach
of Bespalko (2017): the student coped with testing and
has a high level of development if he correctly completed
at least 80% of the tasks (for our case, it is 35-44 tasks),
average, if correctly completed at least 50%, but less than
80% (in our case 22-34 jobs) and low if less than 50%
(less than 22 jobs). This model, being student-centered,
allows you to focus on the results of each individual stu-
dent. It should be noted that the results in the experimen-
tal groups were significantly higher than the results obtai-
ned in the control group.

CONCLUSIONS

One of the active ways to improve the quality of training
of engineering personnel is to improve the system of
methodological support of the educational process of te-
chnical universities. As the results of the study show, this
can be obtained by improving the EUMC in the disciplines.

Summing up the results of the experimental work, we can
conclude on the basis of quantitative assessments of the
effectiveness of the training system as a whole, based on
the use of EUMC in mathematics, in comparison with the
“traditional” training system.

In addition to quantitative changes, the use of EUMC also
led to such qualitative changes in the educational and
cognitive activities of students, which are a factor in the
personal and professional formation of future engineers
and their professional mobility. Since the proposed trai-
ning contributed to the building up of subjective potential,
it can be concluded that the intensification of training on
the basis of EUMC also serves as a reserve for impro-
ving the quality of professional training of specialists at a
university.

The results allow us to conclude that the technology used
to include in the educational process of EUMM in mathe-
matics for students of engineering and technical spe-
cialties in experimental groups was more effective than
conventional traditional lectures in classrooms. The study
of educational information and the simultaneous conso-
lidation of acquired knowledge through repeated repeti-
tion and intensification of students’ independent work with
the use of EUMC made it possible to obtain more solid

knowledge in experimental groups in an equal time period
in comparison with the control group.

Working with EUMC, which comprehensively affects stu-
dents, through various forms of presentation of information
contributed to a better understanding, memorization and
assimilation of educational material. It should also be no-
ted that the knowledge gained using EUMC turned out to
be not only qualitative, but also more extensive, since this
made it possible to familiarize oneself with a large volu-
me of material compared to the amount of information that
is limited to lecture classes. These possibilities of using
EUMC in the educational process, as well as positive fe-
edback from students have proved the feasibility of using
electronic teaching materials in the educational process.

The use of EUMC in mathematics allowed to increase in-
terest in the subiject itself, in independent work, made it
possible to conduct self-assessment and self-examination
of mathematical knowledge, skills and practical skills. In
addition, the modular-rating technology allows you to
most fully take into account all activities for each student
and the group as a whole, allows you to rationally organize
the educational process and has a great influence on its
effectiveness.
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