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Abstract. The concept of blended learning assumes that the student
should optimally and in the aggregate use all the opportunities provided by
both traditional learning and new digital educational technologies. Blended
learning combines the benefits of traditional and e-learning. The use of
various models of blended learning allows you to introduce innovative
educational technologies into the educational process and build individual
educational trajectories for students. Networking contracts are used to
effectively implement blended learning at universities. This increases the
availability and quality of education, forms unique competencies for
training specialists at the intersection of various areas of science and
technology, makes it possible to use the material and human resources of
other organizations in educational activities, reduces the costs of an
educational organization and expands access to modern educational
technologies. The article discusses network engineering partnership on the
example of BMSTU.

1 Introduction
Technological advances and digital innovation are increasingly affecting all aspects of
education. Blended and online learning is actively developing, which contributes to the
modernization and optimization of traditional education. The organization of the
educational process using distance learning technologies significantly expands the
capabilities of the educational system.
Universities are actively introducing online learning into their educational programs,
offering opportunities for those students who cannot attend classes in person. This type of
training helps students reduce costs, save time, and develop digital skills and lifelong
learning [1].
Online learning also offers the following range of benefits, for example:





access to materials and content anytime and anywhere;
students play an active role in the learning process;
knowledge management among students (exchange of ideas, opinions, practice,
experience);
feedback from the teacher.
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The number of students who are trained using online technologies is significantly
increasing, which leads to the fact that in higher educational institutions there is a need to
acquire the appropriate technological infrastructure, introduce the most appropriate
management systems and adapt the educational process in accordance with modern trends
[2].
Students can study some courses on their own, but many disciplines must be
accompanied by classes in classrooms and contact with the teacher.
In search of an optimal balance between full-time and online education, educational
organizations are introducing blended learning into the educational process. The concept of
blended learning assumes that the student should optimally and in the aggregate use all the
opportunities provided by both traditional learning and new educational technologies [3].
Many authors research the effectiveness and efficiency of blended learning, as it
combines modern educational technologies and classical teaching methods [4].
Learning technologies used in the blended learning model can help achieve goals not
only at the course and program level, but also at the institutional level [5,6].
For the successful implementation of blended learning, the training of highly qualified
specialists and the innovative development of education, a promising area is cooperation
with other universities - the creation of network partnerships.

2 Blended learning models
Blended learning is an educational program that combines online learning with traditional
teaching methods and allows students to learn anytime, anywhere [7].
The learning process in blended learning is a sequence of learning phases that alternate
in time. It represents a non-classical form of education and attracts students and teachers
with its flexibility and modern ways of providing information [8].
The combination of online and offline elements makes learning effective, cost-effective
and convenient, and the learning process is interactive, person-centered and adaptive for all
interested parties in learning.
Various models of blended education are used in the educational process. The most
popular ones are Rotation, Flex, A La Carte and Enriched Virtual.
1. Rotation model - differentiation of forms of education. When mastering an
educational program, study time is distributed between classroom training and online
training. Training can take place in small groups, include joint projects and individual
assignments.
а. Station Rotation – studying a course or subject according to a set schedule and
alternating ways of studying the material. Classes are usually held inside the educational
institution.
b. Lab Rotation - online training takes place in a special computer laboratory.
с. Flipped Classroom – e-learning predominates, students study at home through online
courses, and attend school to work on individual projects. This model allows teachers to use
study time not only for traditional lectures, but also for alternative work.
d. Individual Rotation – implies that the student has an individual schedule for studying
the course.
2. Flex model – online learning is essential for students. Individual training, work in
small groups prevails. Trainers provide trainee support as needed. Consultations can take
place online or in person.
3. A La Carte model - allows students to take an online course that is enrolled in
addition to other full-time courses. Provides the opportunity for simultaneous study in
various institutions and a more in-depth study of the subject.
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4. Enriched Virtual - combines face-to-face and distance learning. Enriched Virtual
programs started out as online schools and then developed blended programs to provide
learners with a hands-on experience [9].
Each blended learning model is flexibly integrated into the educational process and
makes it more effective. Key benefits of using blended learning models:





maintaining the traditional teaching approach using modern digital technologies;
students do not depend on the class schedule and can flexibly plan their studies in
a convenient format;
reduction of financial costs;
interactive and personal interaction with the teacher and other students.

To introduce blended learning models into the educational process, it is necessary to
make changes to the curriculum, develop methodological support, retrain and improve the
qualifications of teachers, create infrastructure and equip high-tech classrooms.
The teacher's role in the blended learning process changes and instead of a translator of
ready-made material, he turns into a consultant and mentor who helps the student to build
an individual learning path. The effectiveness of pedagogical activity lies in the use of
individual approaches, coordination of students' studies, communication with students on
site and remotely, as well as monitoring and analyzing learning outcomes. Students, in turn,
turn from passive consumers of the educational product into active participants in the
educational process.
For example, blended learning models are being successfully implemented in the
training of modern engineers. Part of the educational process takes place in classrooms
where powerful equipment, software systems and innovative digital technologies are
installed. Students have the opportunity to master the theoretical material through online
courses, which were prepared by leading taught universities. Practical classes are held in
scientific and educational centers with experienced specialists and scientists.
So in BMSTU prepare engineers using the "Russian method" of training engineering
personnel, new educational methodologies, as well as new information technologies based
on expert and intelligent systems [10,11,12].
For the mathematical training of engineers at the university, a new technology was
developed based on the use of an information and educational environment. The developed
technology for training engineers automatically forms the educational process in
accordance with the specified output competencies. These methods and technologies have a
beneficial effect on the quality of training competitive engineering personnel and increasing
the level of knowledge of students [13].
Thus, in a blended learning model, teachers can comfortably manage the educational
process and integrate the latest digital technologies into it [14,15].
Arizona State University and consulting company BCG have conducted research on
how online and blended learning models affect the quality of education. They concluded
that students who studied online and in person were less successful than those who studied
in a mixed model [16].
In [7], the authors analyzed student performance in blended education versus traditional
face-to-face programming in a programming course. As a result, they came to the
conclusion that blended is more effective for both students and teachers.
The work [17] describes the benefits of blended learning and presents the results of
research on how it is perceived by students and teachers. The authors used a 5-point Likert
scale in their research and obtained the following results: 73.4% of the samples, that is,
teachers, parents and students, are positive about the blended approach and 58.6% believe
that blended learning can improve the professional skills of teachers and students. The
researchers concluded that the blended approach offers students time to process information
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at their own pace, which has a positive effect on their academic performance [18]. An
automated testing system collects more data on how students perform their work. This data
helps teachers to better analyze learning outcomes. Blended education enables educators to
deliver unique content to learners using technology.
Although integrated blended learning programs provide the best results, educators use
blended learning in individual courses, but not as a curriculum and thus do not exploit the
main potential of blended learning effectiveness [4].
The European University Association conducted a study on the use of electronic
technologies in teaching by European universities [19].
E-learning technologies are implemented by the majority of respondents (a total of 245
educational institutions were interviewed). However, universities use e-learning to varying
degrees. Online courses and blended learning are the most popular directions for use in the
educational process. More than half of universities use e-learning in all faculties, and 33%
in certain departments. This usually depends on the academic discipline. Blended learning
programs are used by 55% of universities, online training programs - 39%, online training
organized in conjunction with other educational institutions - 40%, but respondents said
they plan to develop them.
The data obtained indicate a very modest level of implementation of e-learning in the
educational process and its huge potential for further development.

Fig. 1. Types of e-learning.

3 Networking
The rapid development of high technologies increases the competition between educational
organizations and expands the international space. Modern, actively developing universities
strive to strengthen their competitive positions in the international arena of the educational
market. One means of achieving this goal is the development of strategic partnerships with
other universities, in particular in the form of networking.
The network form of implementation of educational programs is the organization of
training using the resources of several organizations carrying out educational activities, as
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well as, if necessary, using the resources of other organizations, including foreign ones
[20].
This format of education is used to train highly qualified specialists, improve the quality
of educational services, expand students' access to modern teaching aids and educational
technologies, provide students with the opportunity to choose their own educational
trajectory, in-depth study of courses and disciplines, develop unique competencies, and
effectively use educational resources. increasing the competitiveness of graduates of an
educational organization in the Russian and international markets.
Network contracts allow integrating education, science and production [21, 22,23]. The
purpose of this integration is to pool human, material, technical and financial resources.
For mutually beneficial interaction between enterprises and educational institutions, it is
important:





form educational programs of universities with the involvement of enterprises;
organize professional practice, internships and research work at enterprises,
develop professional competencies of students;
finance targeted training, provide grants and scholarships for students and
teachers;
create material and technical support.

The partnership of enterprises with educational organizations provides long-term
staffing for the country's economy.
The development of networking and collaborative learning programs has become part of
the internationalization of universities around the world [22].
There are many methods of implementing network interaction between organizations,
we will consider the network form of blended learning [22,23].
The online form of blended learning involves the conclusion between the base
organization and the organization - the partner of the agreement, which establishes the
conditions for interaction and the procedure for the joint implementation of educational
programs. Organizations carrying out educational activities, scientific organizations,
medical organizations, cultural organizations, physical culture and sports and other
organizations that have the resources necessary to carry out training, conduct educational
and industrial practice and carry out other types of educational activities provided for by the
relevant educational program. That is, the basic organization includes modules of
educational programs of partner organizations in the educational program. On the basis of
the concluded agreement, the base organization sends its students to master the chosen
discipline to the partner organization, and then counts the learning outcomes and the
corresponding labor intensity towards the development of its program. The online form of
blended learning can be carried out in full-time form and using distance educational
technologies and resources. Despite the fact that the number of face-to-face classes can be
replaced by video lectures, web conferences, the teacher's workload is not reduced, but
redistributed to other work.
Thus, the university can include an online course in its educational program by
concluding a network agreement with the developer (partner organization) of the course or
send its students to master the chosen discipline in person. Online courses are aggregated
by modern educational platforms offering online courses in various disciplines. Thus, the
host organization can use the resources of the partner organization in the form of open
online courses hosted on the portal.
After completing the online course and successfully passing the test events, the student
has the opportunity to receive a certificate and take this course at his university.
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To implement blended learning in a network form, it is necessary to make changes to
the local acts of the university and to develop legal and regulatory frameworks governing
the corresponding educational program and individual student curriculum.
Organizational support of network interaction:








organizational and technical support;
financial security;
analysis of effectiveness and efficiency.
The procedure, conditions and sources of funding for networking programs are
determined by the agreement on the network form of blended learning. Funding
can be provided by:
own funds of the parent organization or partner organization;
subsidy funds received by the parent organization;
personal funds of students.

Benefits of network contracts in blended learning:















equality of students around the world;
accessibility of education;
improving the quality of education;
providing the student with a choice of their own educational trajectory;
the possibility of forming unique competencies in demand in rapidly developing
sectors of the economy;
training of specialists at the junction of various areas of science and technology;
the opportunity to exchange experience in personnel training and professional
development of teachers;
the possibility of using in educational activities the material and human resources
of other educational organizations, including scientific, industrial, medical, etc .;
implementation of the best domestic and foreign practices in the educational
process;
expanding students' access to modern educational technologies and teaching aids;
synergistic effect;
reducing the costs of an educational organization due to the effective use of
educational resources;
application of independent control of students' knowledge;
freeing up part of the teachers' time for scientific work without increasing the
number of staff.

As a rule, educational programs are interdisciplinary, based on the principles of
integrating the content of education in various subject areas, profiles, areas of training at the
intersection of branches of knowledge.
For the student, the importance of the agreement on the network form of implementing
mixed educational programs is to expand access to modern educational technologies and
teaching aids, to use the opportunity for in-depth study of courses, subjects, disciplines
(modules), in cooperation with scientists from prestigious research centers.
This form of training allows the student to master the theoretical material through online
learning, and to carry out the practical and research part in innovation centers with a team
of professionals.
Despite the fact that online blended learning has significant advantages and
effectiveness over traditional and online education, there are a number of reasons for its
ineffective use:
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lack of legal and regulatory frameworks governing the relevant educational
program;
limited funding for content development and infrastructure for the development of
online blended learning;
discrepancy and lagging of educational programs from modern educational
opportunities;
lack of teaching staff in the field of blended learning technologies;
lack of technical and software equipment.

4 Prospects for networked engineering education based on the
Open BMSTU platform
The training of modern engineers is inextricably linked with high technology and
innovation. Technical universities, including BMSTU are in constant search of new
development mechanisms and the creation of a promising management system.
In order to develop modern digital technologies in the educational activities of the
BMSTU developed the information and educational platform Open BMSTU [24].
There are 2 main subsystems on Open BMSTU platform: the BMSTU-online platform
contains electronic educational resources in the form of online courses in general technical
disciplines, and Electronic Educational Resources (EER) storage system designed for
distance learning. The BMSTU-online platform can be used as a tool for blended learning.
Each course includes thematic video lectures and video seminars with 3D animation, tasks
for independent work, test tasks and control testing with automated verification of results.
The main functionality of the platform:
• integration of digital educational resources of BMSTU;
• implementation of online education;
• implementation of blended digital education.
The technologies used in the training of engineers make it possible to form the process
of teaching technical and mathematical courses, taking into account the specifics of a
certain specialization [13].
The unique development of the university is the Digital Learning System Nomotex (DLS
Nomotex). It is a multilevel hierarchical neural network model of mathematical knowledge
with logical connections between individual elements of mathematical disciplines.
The Department "Computational Mathematics and Mathematical Physics" (FS-11) of
BMSTU conducted a study on how DLS Nomotex affects student performance. For this
study, 3 groups of first-year students from the faculties of "Power Engineering" and
"Fundamental Sciences" were selected. Uncertified students were not taken into account,
since in addition to poor academic performance, the reasons for expulsion may be different
(health status, family circumstances, academic leave). In 2018, 56 students from three
different groups took courses in linear algebra, calculus, integrals and differential equations
in a traditional form of study. In 2019, the next stream of first-year students, consisting of
63 students, studied these disciplines using blended learning and the application of the DLS
Nomotex mathematical knowledge base. All courses that included blended learning showed
a significant increase in the number of excellent marks and a decrease in the number of
satisfactory marks, according to the test sheets. The teachers noted that the number of
retakes has decreased. Figures 2-4 show graphs comparing the final performance (including
retakes) of traditional and blended learning using DLS Nomotex.
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Fig. 2. Achievement in linear algebra.

Fig. 3. Achievement in integrals and differential equations.

Fig. 4. Achievement in mathematical analysis.

The increase in academic performance is due to the fact that students have unlimited
access to educational materials. They study each topic at their own pace, and when
questions arise, they turn to the teacher for help.
Interactive engineering examples of the application of mathematical knowledge increase
motivation and interest in learning, students understand where and how the acquired
knowledge can be used. The structure of DLS Nomotex is built in such a way that the
student can use it as an encyclopedia. Review past material and explore new topics.
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The ability to take control and independent work with automatic verification eliminates
the subjectivity of teachers, and also helps to track in which issues the student has
problems.
Thus, the use of interactive and electronic courses in the educational process has a
positive effect on student performance.
The progressive directions of development of technical universities are joint educational
programs and new forms of cooperation, for example, network engineering education.
Networking allows universities to increase their educational, personnel, software and
methodological, material and technical and information potential through the use of
electronic educational resources of other organizations.
In fig. 5 shows a diagram of the network interaction of technical universities on the
example of BMSTU. It consists in the integration of the developer of the information and
educational environment and many technical universities - partners, which, on the basis of
an agreement, include in their curricula electronic educational resources of BMSTU. That
is, technical universities use the functionality of the Open BMSTU platform to replace part
of their courses with blended learning.
On the Open BMSTU platform, an individual educational program is formed for
students in a specific field of engineering training, and appropriate disciplines and courses
are selected. Training can take place both in classroom form using interactive panels, and
through online courses. Blended learning allows students to master the material more
deeply and work out certain topics in a quality manner. Lectures and seminars use modern
computer technology to help students visualize mathematical concepts. Classes are
interesting and productive.
After successfully mastering the material and passing the control measures, the student
has the opportunity to receive a certificate and take the chosen discipline at his university.

Fig. 5. Scheme of network interaction based on the Open BMSTU platform.

This integration of universities ensures the sustainable development of engineering
education in Russia. A unique educational environment is being created in which students
can fully reveal their potential and gain knowledge and experience at the country's leading
universities.

9

ITM Web of Conferences 35, 03014 (2020)
ITEE-2019

https://doi.org/10.1051/itmconf/20203503014

5 Conclusion
Higher education has successfully applied the concept of blended learning, which combines
e-learning and classroom learning. These blended education programs are as effective as,
and often superior to, face-to-face programs.
To introduce blended learning into the educational process and create strategic
partnerships, expand the exchange of knowledge and practices, pool resources among
educational organizations, network interaction is used. Networked blended learning
expands the scope of traditional education and allows students to reach their full potential.
Improving the quality of personnel training is carried out through the rational use of the
available material, technical, educational, methodological, informational and human
resources of educational organizations.
To create unique engineering training competencies, technical universities are applying
networked engineering education. At the BMSTU developed a new technology for training
engineers based on the use of information and educational environment. This environment
provides technical universities with access to electronic educational resources of BMSTU.
Such cooperation has a beneficial effect on the quality of training competitive engineering
personnel and increasing the level of knowledge of students.
Cooperation and partnership with other educational institutions increase the prestige and
competitiveness of the university in the international educational arena, attracts students
from all over the world, allows you to use progressive teaching methods, generate
additional income and save budget.
For the successful implementation of network interaction, it is necessary to create
common educational programs, motivate students and teachers, create a regulatory
framework, attract funding for the creation of interuniversity research centers and model
new management processes in an educational organization.
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