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Abstract—The paper presents the concept of continuous
information support of the life cycle of the curriculums within the
digital University. This concept assumes complex automation of
development and adjustment of working curricula, training
programs, funds of estimated means, electronic educational
resources, planning and distribution of educational loading, and
support of educational process staff. The paper shows that
introduction of continuous information support of the life cycle of
curriculums will ensure the transition of the process of targeted
training of highly qualified personnel to a qualitatively new level,
will increase the degree of individualization of the educational
process, will minimize routine work on the preparation of
supporting documentation, create conditions for replication of
the best educational practices.
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I. INTRODUCTION

In modern conditions, the training of highly qualified
specialists is impossible without the introduction of the latest
educational and information technologies. Modern realities
require a radical revision of the existing system of management
of higher education and the organization of the educational
process. It is necessary to abandon outdated forms of document
management, including the requirement to submit reports of
student papers in paper form. In addition, there is a need for a
radical reduction in the routine work of teachers to fill out
multiple reports, often reduced to presenting the same
information in different forms. As a result, one of the basic
principles of modern information technology is violated-
"Don't repeat yourself, DRY" ("do not repeat yourself") [1]. In
addition to wasting time, violation of the DRY pattern leads to
errors, leading to inconsistency of documents (antipattern
"False tile") [2].

The solution of the problems inherent in modern education
(not only higher education) is possible within the framework of
the introduction of the concept of "Digital University", which
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provides for a comprehensive Informatization of all processes
of higher education within a single educational cyber
environment. It should be noted that the digitalization of the
educational process is not an end itself. Modern technologies
should be subordinated to the main goal facing higher
education, namely, formation of a creative personality of a
specialist capable of self-development, self-education, and
innovation [3]. Only such specialists can be classified as highly
qualified personnel.

Il. DIGITAL UNIVERSITY, INFORMATION SOCIETY AND

INDUSTRY 4.0

The digital University should be based on a single cyber
environment, created on the basis of three basic principles:
1) Agency, 2) information self-service and 3) managed
information openness [4]. On the basis of these principles can
also be created and a single cyber information society [5],
formed in the merger of ciberred individual organizations. The
academic cyber environment is which an Association of all
educational environments, a part of a single cyber environment
of the information society. Within the framework of the
educational cyber environment of the digital University,
continuous comprehensive information support of the life cycle
of the main educational programs is carried out.

Given the trend of deep integration of computing resources
into physical entities of any kind, cyber environments are often
referred to as cyberphysical systems or cyberphysical
environments. However, the term cyber environment does not
contradict the possibility of integrating computing resources
into physical entities, so these terms can be considered
equivalent. In this article, we will use the term cyberphysical
environment, if it is necessary to emphasize the phenomenon of
"mixed" reality, assuming the above integration.

The concept of a digital University corresponds to the
concept of" industry 4.0", which involves the mass introduction
of cyber-physical systems into production [6-8]. Table 1
compares the basic concepts of "Industry 4.0" and "Digital
University".

ISBN 978-1-7281-5224-0



TABLE I. COMPARATIVE ANALYSIS OF THE CONCEPTS "INDUSTRY 4.0"
AND "DIGITAL UNIVERSITY"

Industry 4.0 Digital University
Cyberphysical system — | Cyberphysical educational
information technology system, | environment is an educational
which  implements a  deep | environment that provides deep

integration of computing resources
into physical entities of any kind

integration of computing resources
into the educational process

Deep customization of the product

Individual educational trajectory

PLM -  product lifecycle
management

Automated life cycle management
of curriculums

Smart Factory-seamless connection
of individual stages (operations) of
the production process, from the
stage of marketing research and
product design, to the organization
of production and process control,

Continuous information support of
the life cycle of the main
educational programs

independence) — the ability of a
product or system whose interfaces
are fully open to interact and
function with other products or
systems without any restrictions on
access and implementation

to distribution, operation and
disposal
Interoperability (functional | Interoperability of software and

algorithmic support and processes
of various digital universities,
colleges, schools and other
organizations, allowing to combine
the environment of individual
organizations into a single
academic cyber environment

IloT is an industrial Internet of
things. Provides interaction of
physical production operations and
related processes

AloT is an academic Internet of
things. Provides interaction of the
objects which are a part of material
and technical support of

educational process

I1l. AUTOMATED LIFE CYCLE MANAGEMENT OF CURRICULUMS
Life cycle management of the main educational programs

in the framework of the digital

University involves a

comprehensive end-to-end automation of the following

processes (Fig. 1):

o development of working curriculum and working

curricula of disciplines,

certification;

practices and state final

e student population management;

o personnel management of the educational process;

e management of material and technical support of the

educational process;

e operational
educational process.

management and monitoring of the

Consistency of all processes and artifacts obtained at all
stages of the life cycle of the main educational program

requires a single model:

CM=<P, S, R>,

where:

)

CM — multidimensional model of the curriculum;

P — the working curriculum and work programs, including

the fund of assessment tools;
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S — stuff, material-technical and educational-methodical
support of the curriculum;

R — results of implementation of the curriculum.

The use of a single model (1) will provide the possibility of
coordinated development of all artifacts of the basic
educational program (working curriculum, work programs,
evaluation Fund), as well as management of various types of
support (personnel, logistics and training) and the process of
implementation of the educational program (Fig. 2).
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Fig. 1. General scheme of automation of curriculums life cycle management
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Briefly consider the process of developing and managing
the implementation of the main educational program.

e The choice of the professional standards and
employment of generalized functions, the definition of
activities and professional competences.

e Planning for the cohort and study groups.

e Determination of the list of disciplines, their
complexity, as well as other types of educational
activities.  Definition of  connections  between
disciplines. Distribution of disciplines and other types
of educational activities by semesters. The development
of work programs and the Fund of assessment tools
(within a single concentric model of discipline)

e Planning of personnel support of disciplines.

e Planning of material-technical and educational-
methodical support of disciplines. Formation of
technical specifications for the creation (purchase) of
the missing security elements.

e Calculation of Cathedral loads and load distribution
between teachers of departments.

e Scheduling for the semester.

e Operational management of the implementation of the
main educational program. Correction of artifacts
obtained in the previous stages.

Within the framework of expression (1) the working
curriculum, working curricula and the results of the current
monitoring of the implementation of the main educational
program (attendance, academic performance, etc.), some
aspects of the A multidimensional model can be considered:

A = F(CM), 2

Given that the model (1) contains all the necessary and up-
to-date information about all aspects of the main educational
program (2), Most of the reports can be obtained only on the
principle of "one button™:

Report; = ReportGenerator;(A;, Form;),

@)
where:

Report; — the report;

Form; — the report pattern;

ReportGenerator; — the report generator.

IV. CONCEPT OF ADAPTIVE EDUCATIONAL AND METHODICAL
COMPLEXES

Educational and methodological support of the main
educational program implemented within the framework of the
digital University must meet the following requirements:

e support for interactive forms of learning;
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o support for all types and forms of classes (theoretical,
practical, independent, individual, group, frontal);

e adaptation to the individual characteristics of students;
o ability to replicate the experience of leading teachers;

e modularity (the possibility of using the same modules in
courses of different disciplines);

e support of concentric model of discipline course
construction;

e availability of mechanisms for assessing the level of
material assimilation [9-11] for current and intermediate
certification.

Taking into account these requirements, the model of
interactive educational and methodical complex can be
presented in the following form (Fig. 3):

EMC =<D, M, Q, R> (4)

where:

D - sections of interactive educational and methodical
complex (theoretical part, exercises, etc.);

M — module, which is the main component unit of
interactive educational and methodical complex);

Q — control and measuring materials;

R — connections between separate elements of interactive
educational and methodical complex.

EMC
Theory M M M M M
Labor work M M M Q Q
Exercises M M Q Q Q
Control and measuring materials of
input, current and intermediate Q Q Q
certification

Fig. 3. Structure of interactive educational and methodical complex

A module can be represented by the following expression:

M=<T, MM, Q, R>, (%)

where Q are tasks for self-examination mastering of the passed
material;
MM — multimedia resource (image, video, audio);

T — text block.



The proposed model (4-5) provides the construction of
interactive educational and methodical complexes from unified
blocks. The same types of modules can be used in the creation
of the theoretical part, laboratory and practical classes.
Modules and test and measurement materials can be placed in
the library and further used in the creation of other interactive
teaching modules. According to the results of the entrance
testing of knowledge, current and intermediate certification, a
set of modules recommended for study by the student is
automatically formed.

V. CONCLUSION

The concept of continuous information support of the life
cycle of basic educational programs, presented in the article, is
based on the use of multidimensional models that provide
coordinated management of all processes, as well as a
significant reduction in routine work. The proposed models are
focused on the support of interactive forms of education taking
into account the individual characteristics of students, as well
as on the creation of a single library of electronic educational
resources built on a modular principle.
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