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1. Introduction

From the point of view of management, the information 
environment is an organization that has a multifaceted 
purpose of existence, expressed in the form of ideology, 
laws and instructions. And since it needs to be structured 
(divided into sub-goals), it inevitably becomes necessary to 
highlight separate levels of management and elements of the 
organization responsible for a particular area of activity. The 
definition, identification, formation of a structural relation-
ship of the elements of the system, leading to emergence, are 
the most important moment in the creation and design of 
the system functioning. For organizational systems, such as 
the information environment, consisting of a large number of 

interconnected elements, before proceeding to the modeling 
of functioning mechanisms, it is necessary to establish the 
main basic relationships between the elements [1].

Let us formulate the definition of the concept of “Infor-
mation educational environment” and designate its categor-
ical features.

Under the information educational environment, we 
mean a holistic set of progressively replacing each other 
learning situations in the virtual space, during the resolution 
of which students are educated, nurtured and developed, as 
well as improve professional skills and abilities, expanding 
their professional horizons [2].

Under the information environment – a set of conditions 
implemented on the basis of information and communication 
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The relevance of the study is due to the 
problem of forming the concept of the information 
environment from the point of view of management. 
The theoretical foundations for the construction and 
practical application of the information environment 
of educational institutions are given, a model of 
an individual educational trajectory is designed, 
and the methodology for modeling the information 
environment of educational institutions based on 
systems theory is described. This is important, since 
the information environment helps to improve the 
efficiency and quality of the educational process 
through the implementation of information technology 
capabilities. An individual educational trajectory is 
considered as a process of making a decision by 
a student based on a system of individual values 
and personal meanings; contains a qualification 
model of a specialist in the world of professions 
and opportunities for the implementation of vital 
plans. The qualification model of a specialist includes 
a qualification portrait of a specialist, regulatory 
requirements – a set of linguistic assessments 
and a set of numerical assessments that meet the 
requirements of employers.

As a result of the study, a systematic approach 
was applied, which makes it possible to determine 
the limitations of the system's functioning, the 
procedure for planning activities and the system for 
stimulating elements of the organization. A detailed 
review of the main models of interaction between the 
elements of the organization is made: bureaucratic, 
democratic participation and parity compromise. 
The bureaucratic model is characterized by a clear 
hierarchy of rules and decisions, strict regulation of job 
descriptions. The model of democratic participation is 
focused on the development of creative abilities of an 
employee, when, performing a particular function, he 
expects to achieve personal goals, directing his efforts 
to achieve the goals of the organization.

The results of the study are aimed at an effective 
choice of interaction models depending on the 
main elements of systemic activities in educational 
institutions related to improving the quality of work 
and education

Keywords: information environment, individual 
educational trajectory, system analysis, information 
technology

UDC 378
DOI: 10.15587/1729-4061.2022.255084

How to Cite: Aitymova, A., Shaporeva, A., Kopnova, O., Kushumbaev, A., Aitymov, Z. (2022). Development 

and modeling of combined components of the information environment. Eastern-European Journal of Enter-

prise Technologies, 2 (2 (116)), 51–60. doi: https://doi.org/10.15587/1729-4061.2022.255084 

Received date 22.02.2022

Accepted date 04.04.2022

Published date 30.04.2022

Copyright © 2022, Authors. This is an open access article under the Creative Commons CC BY license



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/2 ( 116 ) 2022

52

count determines the reliability and viability of the created 
organizational systems. Undoubtedly, it is easier to manage 
a simple system, so the governing body – the management 
system often seeks to simplify the situation and to some ex-
tent limit, or, ultimately, the same thing, control the activity 
of the control object. At the same time, the rational principle 
of building relationships between the elements of the system 
to achieve the goal is to ensure the most efficient functioning 
with the rational use of resources. To implement this prin-
ciple, it is really necessary that the control system clearly 
defines the functional tasks of the elements of the system 
and the incentive system, on the other hand, the greatest 
constructive activity of the elements will be achieved if the 
interests of the subjects and their goals are consistent with 
the goals of the entire system.

Summing up some results regarding the definition of a 
multi-level organizational system, we can conclude that this 
can be done by considering the main stages of activity for its 
synthesis and analysis.

In other words, one should be aware of the problematic 
situation; determine the purpose of its liquidation; im-
plement the goals to build an appropriate organizational 
structure; develop an individual educational trajectory of 
learning; determine the limitations of the system function-
ing, the procedure for planning activities and the system for 
stimulating the elements of the organization, while ensuring 
organizational harmony, the available resources should be 
taken into account and rationally used. All these circum-
stances determine the relevance of the study.

2. Literature review and problem statement

The authors [5] believe that the traditional education 
system cannot fully ensure the success of new educational 
results within the traditional content of education. Atten-
tion is paid to the construction of the process of network 
interaction, which is in constant dynamic development, 
contributes to the achievement of a new quality of education 
through the creation of a virtual information environment 
based on online learning platforms. The work summarizes 
the results of the initial phase of project implementation. 
The diagnostic and thematic master class conducted by the 
authors proved the importance of the organized activity. 
We agree with the authors who note that the main task of 
today’s education system is to create conditions for quality 
education.

The authors propose the new approach aimed to build 
specialized knowledge bases generated using artificial in-
telligence technology and focused on the use of multiple 
heterogeneous resources or data sources on specific educa-
tional topics. The model and structure of the IT-oriented 
ontological framework designed to ensure the components 
convergence of the university three-platform information 
and communication environment are developed. Within 
the framework of design and formation of the knowledge 
sector disciplinary structure “Information Technologies” in 
the context of the competence approach to education, the 
architecture of the competence descriptors of the semantic 
analysis system is proposed [6].

In this study, an interesting approach seems to be that 
allows you to systematize the content, structure and con-
nections of information technology components to adjust the 
range of competencies in the field of computer technology.

technologies aimed at the implementation of educational 
activities that contribute to the formation of professionally 
significant and socially important qualities of a person in the 
conditions of informatization of society.

The features that characterize the information and edu-
cational environment include:

– integration of information and communication tech-
nologies;

– development of new information processing technologies;
– use of network resources in the educational process;
– use of modern means, methods and forms of education.
In the future, speaking about organizational systems, 

we will assume that all reasoning applies to the information 
environment of educational institutions.

In this regard, an organizational system is a finite multi-
plicity of functionally defined and active elements, which is 
characterized by a common goal, which is an informational 
image of the final product for which the system exists [3]. 
It has at least two kinds of dynamics: dynamics “in time” 
and dynamics “in space”. Under the dynamics “in time” we 
mean that as a result of external and internal interactions, 
all systems are subject to constant changes occurring with 
different intensity. Under the dynamics “in space” we mean, 
first of all, that any system is a part of some larger system, as 
a result, the whole world can exist as a hierarchy of nested, 
interacting systems [4].

The existence of any organizational system “in time” 
and “in space” is determined by the fact that it is in the en-
vironment of purposeful activity. The goal synthesizes the 
internal and external integrity of the system, determines the 
rational structure of the system and its functions. It turns 
out that an organizational system is a system with a social 
and economic interest, which has a purpose of existence and 
has the resources to build, based on the purpose of the ex-
istence, the structure and relationships necessary to obtain 
some result, which is usually called the final product.

The correct definition and setting of goals are the main 
thing for the existence of an organizational system. This, on 
the one hand, is its ineradicable subjectivism, and on the oth-
er, a reflection of objective processes. On the basis of certain 
goals, the strategy and tactics of system management are 
built, the structure of the system is formed, which implies the 
presence of a management system and a management object.

As it was pointed out, when determining the purpose of 
the organizational system, there are two principles – objec-
tive and subjective. The objective principle is determined 
by the problematic situation that arises in society. The exis-
tence of a problem gives rise to the need for system-forming 
activity.

Identification and description of a problem situation 
are one of the most complex and responsible processes. The 
emergence of problem situations is a consequence of the di-
alectical nature of the development of systems. Unsatisfied 
needs, which, as a rule, are initially objective, ultimately 
receive subjective expression in assessing the parameters of 
existing systems and realizing the need to change them. The 
possibilities of meeting the needs are limited by many objec-
tive and subjective factors: existing systems, management 
methods, the level of scientific and technological develop-
ment, resource provision, nature and the permissible level of 
impact on it.

Determination of goals in organizational systems is a 
specific, subjective process, however, the extent to which 
objective reality and higher-level goals are taken into ac-
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In [7], an analysis of predominantly English-speaking 
authors is presented and a list of professional journals, both 
Russian and English, has been prepared, in which materials 
have been published regarding the use of multimedia in the 
educational process, Web 2.0 technologies, Web technologies 
in linear learning, the impact of ICT on the educational pro-
cess, approaches to the use of ICT. The relevance of the study 
is due to the urgent need to consider the experience of using 
information and communication technologies to improve the 
educational process in the modern information society.

Significant for our study is the experience of foreign 
countries (China, Ukraine, USA, Brazil, Finland, India, 
UAE, etc.) in the use of information technologies in the 
educational process.

The constituents of the quality management system of 
educational activity are considered. The subsystems of the 
automated control system of educational activity of the 
university have been characterized and analyzed. The key 
elements of the information systems used are the following 
electronic databases: students and their academic perfor-
mance; results of employment; students’ satisfaction with 
educational programs; distribution of the teaching load; 
teachers’ performance; learning and teaching resources, 
facilities, equipment and their cost; other indicators of uni-
versity activity. The results of the research are of practical 
value since the implementation of the considered software 
products can improve the quality and effectiveness of the 
management of educational activities of higher education 
institutions [8]. We are close to the position of the authors 
who highlight the results of the practical application of 
modern information technologies in the management of an 
educational institution.

Scientific-practical and methodological experience in the 
development, implementation and use of the interdisciplin-
ary automated training system based on the Moodle system 
in the educational process was considered. The structure of 
the typical training course is presented and recommenda-
tions for the development of information and educational re-
sources for different types of lessons and self-study students 
were set out. 

We agree with the position of the authors, who described 
and substantiated approaches to the implementation of in-
formation-educational and educational-research resources 
in an interdisciplinary automated learning system. The 
proposed approaches can be applied to a wide range of tech-
nical and natural science disciplines in a multilevel graduate 
training system [9]. 

In [10], the formalization complex model of the е-learn-
ing of variability with the electronic educational resource of 
the new generation is developed, conditionally decomposed 
into three basic components: the formalization model of the 
course in the form of the thesaurus classifier (“Author of 
e-resource”), the model of learning as management (“Co-
ordination. Consultation. Control”), the learning model 
with the thesaurus classifier (“Student”). According to 
the authors, the developed theoretical provisions and basic 
components for the model of variation e-learning with the 
electronic educational resource of the new generation allow 
the student to realize functional mastering of knowledge, 
abilities and skills of trainees on the basis of variation ap-
proach, and also to choose a personal student-centered way 
of “finding the concept (meaning)” of the given tasks in the 
process of motivated learning based on formalized informa-
tion thesaurus classifier of electronic educational resource.

Of particular interest is the study [11], which describes 
an approach to the formation of the information and edu-
cational environment of a technical university, based on 
the deep integration of electronic educational content with 
methods and tools for solving engineering and economic 
problems. The Application Program Interface (API) is con-
sidered as the main integration tool.

In [12], the necessity of system analysis and efficiency 
improvement of information interaction between hetero-
geneous subjects and means of a complex technological 
process of automated formation of remote knowledge is 
substantiated. It was found that the innovative block of 
parametric cognitive models is the information basis of 
system analysis, contains cognitive models of the subject of 
education and learning tools, each of which acts as a com-
plex repertoire of parameters (indicators), echeloned into a 
number of portraits and stratified into several independent 
sets located at two different levels of the selected hierarchy. 
When formalizing the structure of a parametric cognitive 
model, a number of innovative ways of representing its 
structure (models (metadata)) are used: mathematical cal-
culus using tuples on domains (analytical), directed graph 
combining mathematical set theory (graphical) and (hierar-
chical) multilevel block diagram. The proposed algorithm is 
the basis of the apparatus of cognitive modeling technology 
developed by the author and provides the formalization of an 
iterative sequence of ordered stages that form the structures 
of parametric cognitive models.

We agree with the opinion of the authors of this study 
that a systematic analysis of information and educational 
environments initiates the need to take into account a wide 
range of fundamental and applied areas of modern science, 
and also necessitates the use of an innovative research ap-
paratus.

At the same time, in the presence of the results obtained 
so far, the problem of developing mechanisms for the forma-
tion of an information and educational environment has not 
been sufficiently resolved. The main reasons for this are:

– the lack of a generally accepted understanding of the 
information and educational environment as a complex 
phenomenon that requires targeted measures for its de-
velopment, which have significant potential in solving the 
problem of improving the quality of education;

– insufficient development of the theoretical foundations 
of the process of developing the information and educational 
environment, reflecting its essence, structure and improve-
ment opportunities;

– insufficient development of the content and method-
ological aspects of the development of the information and 
educational environment.

The analysis of publications shows that a large number of 
methods and mechanisms have been developed aimed at the 
formation and development of the information and educa-
tional environment. Starting with the analysis of the exter-
nal and internal environment, the selection, implementation 
of strategies and scenarios, and evaluation of the simulation 
are covered. There are gaps in the choice of models for build-
ing an information and educational environment.

3. The aim and objectives of the study

The aim of this study is to develop and model the com-
bined components of the information environment. All this 
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allows the educational institution to quickly respond to the 
requirements of the external environment in the field of the 
content of educational programs in areas of specialization.

To achieve the aim, the following objectives are accom-
plished:

– to substantiate the methodology for modeling the in-
formation environment of educational institutions based on 
systems theory and develop models of interaction between 
elements of the organization: bureaucratic, democratic par-
ity and parity compromise;

– to develop a model for building an individual educa-
tional trajectory that contributes to the definition of spe-
cialization.

4. Materials and methods

The theoretical basis for the formation of approaches to 
solving the listed problems is provided by a system analysis. 
The above presentation of the main concepts of this system re-
search tool basically corresponds to the traditions of active sys-
tems analysis [1] and the methodology of system analysis [13].

The study examines the main components of the in-
formation environment, which include: the curriculum, 
the relationship of competencies and disciplines, models 
of graduate profiles and positions, models and algorithms 
for assessing competencies, algorithms for improving the 
effectiveness of the curriculum, algorithms for constructing 
an individual learning path.

The form of interaction of elements 
depends on the size of the organiza-
tion, the strategies and tactics used by 
the organization in society, the pro-
duction technologies used, and many 
other factors. We propose to single out 
three models of interaction that reflect 
the level of agreement in the system:

– bureaucratic model;
– model of democratic partici-

pation;
– model of parity compromise.
The best method of conveying 

the concept of solving the second 
problem is modeling. Process mod-
eling is an integral part of the 
study, which allows decomposing 
the subject area, showing the implementation of the pro-
cess stages from the point of view of an external observer.

 To formalize the model, it was decided to use the matrix 
algebra apparatus, which can most successfully show the 
pairwise interaction of all learning outcomes. For clarity 
of the methodology of formation of the content of academic 
disciplines of maximum usefulness of specialization, it was 
decided to use elements of set theory.

At present, the process of developing the information 
environment, based on the experience and expert assess-
ment of specialists, needs serious improvement and scientific 
substantiation of the decisions made. Their effectiveness is 
determined by such factors as: compliance of the studied 
disciplines, practices with the lists of competencies en-
shrined in the relevant educational standards; compliance 
with the time allocated for the study of individual topics and 
the degree of its use in other disciplines; interrelationships 
between disciplines.

Approbation of the method was carried out at the De-
partment of Information and Communication Technologies 
of the Non-Profit Joint Stock Company “North Kazakh-
stan State University named after M. Kozybaev” (Repub-
lic of Kazakhstan) on the example of specialization of IT 
specialists.

5. Results of research

5. 1. Methodology for modeling the information en-
vironment of educational institutions based on systems 
theory, modeling the interaction between elements of the 
organization: bureaucratic, democratic parity and parity 
compromise

Let’s consider each interaction model. The bureaucratic 
model (Fig. 1) is characterized by a clear hierarchy of rules 
and decisions, strict regulation of job descriptions. The bu-
reaucratic approach of the control system to the problems of 
interaction with the control object can be described by the 
simplest cybernetic model with feedback.

The following assumptions are typical for this type of 
management organization:

– most employees of the organization are passive;
– to manage subordinates, it is necessary to control all 

their actions;
– to obtain results consistent with the goals of the or-

ganization, a clear system of rewarding positive efforts and 
punishing deviations from the standards is necessary.

The undoubted advantage of the bureaucratic model 
of interaction is a clear organization of labor, delimitation 
of powers, and a well-organized control system. The main 
drawback is associated with ignoring the active role of em-
ployees in the activities of the organization and the lack of 
motivation for creative work.

The model of democratic participation is focused on the 
development of the creative abilities of an employee, when, 
performing a particular function, he expects to achieve per-
sonal goals, directing his efforts to achieve the goals of the 
organization. This can be achieved with proper planning and 
promotion (Fig. 2).

The meaning of the existence of any organizational 
system is the implementation of certain goals, which can be 
described by setting and then estimating the values of the 
system parameters. The most important parameters reflect-
ing the goals of the system will be denoted by { }.d d

jX x=  
The state of the organization is also characterized by a 

 
  

Fig.	1.	Bureaucratic	model	of	organization	management



Information technology

55

number of parameters that are less significant at the con-
sidered point in time. They can be considered informational 

{ }.i i
jX x− =  Planning and evaluation of the system activity 

are carried out by the governing body according to the set of 
parameters Xd, which is further defined taking into account 
the internal and external conditions for the existence of the 
system by a number of parameters from .i

jx  At the same time, 
a set of functioning parameters that are relevant from the 
point of view of achieving the system goals is determined. 
By setting the standards for this set at a certain point in  
time t: ( ) ( ){ },n n

jX t x t=  planning is carried out. Estimating the 
values of the system parameters at time t, the governing body 
determines the incentive system for the elements of the system 
F(t). These actions of the management system constitute the 
macro level of management of the organizational system.

At the micro level of the system, the processes associated 
with the creation of final products of activity are implement-
ed. These processes are under the influence of the stimula-
tion system F. The ability of elements to create final products 
is limited by the permissible intensity of their work H, which 
is determined by existing resources and technology. Under 
the influence of the incentive system and the permissible 
intensity of activity, a deterministic type of behavior of the 
elements is formed, which at some point in time t is described 
by the state of the system parameters {x(t)}. Thus, in the 
model of democratic participation, in order to achieve the 
goals of the system, the governing body faces the interrelat-
ed tasks of forming the law of regulatory planning and the 
incentive system, taking into account the real processes of 
the functioning of the elements.

Elements of the organizational system behave active-
ly. At the same time, they take into account the actually 
existing system of stimulating activity and, in addition, to 
a certain extent independently interact with the external 
environment. At the level of elements in the system, mi-
croprocesses are implemented that are not essential for the 
system as a whole and cannot be fully described by norma-
tive parameters. Micro-level processes are not deterministic. 
They are influenced by the parameters of the incentive sys-
tem F(t), being reflected in the processes of the macro level. 
As a result, the system has a deterministic type of behavior, 
which is described by the trajectory of the system, which is 
formed by the trajectories of its elements. The control system 
is designed, operating the incentive system, to ensure the 

minimum mismatch between the current system parameters 
x(t) and the normative parameters xn(t), while the parame-
ters that are set taking into account the needs of the external 
environment xd are of particular importance.

The main advantage of the considered model of interac-
tion is the coordination of the personal interests of employ-
ees with the goals of the organization in the case of a properly 
constructed incentive system. The disadvantage is that it is 
quite difficult to build a correct incentive system and correct 
it in time, therefore, as a rule, there is a delay in stimulating 
the actual functioning parameters.

The solution to the problems of democratic participation 
is achieved by bringing it closer to the model of parity com-
promise. This model assumes, in turn, program-target man-
agement methods. The goals of the organization in this case 

should be determined and formulated with such a 
degree of detail that the level of their implementa-
tion can be used to assess the effectiveness of the 
elements of the system structure.

The consistency of the interests of the elements 
of the system with the goals of its existence makes 
it possible to move on to decentralized manage-
ment, which takes the form of a collective inter-
action of elements. This type of control becomes 
inevitable for complex, large systems.

The bottom line is that parity management can 
be implemented by creating management hierar-
chies that correspond to the goals of the system, 
ensuring the consistency of the interests of the 
system elements with the goals, and ensuring full 
awareness and communication skills at all levels of 
the hierarchy.

We will assume that the hierarchy of the or-
ganization goals is defined and there is a tree of 
system goals [13, 14]. Denote the global goal of 

the system С1. The subgoal of the i-th level of the tree of 
goals will be denoted as Сα, where ( )1 2 11, , , ,i i iλ−α = …  is a 
word whose number of letters matches the number of the 
level of the tree of goals. Since we believe that at the top 
level we have a single goal, the first letter is always one. As 
an alphabet, we use a series of natural numbers 1, 2, …, n, …, 
for example: C1,2, C1,5,17. The ratio 1 2C Cα α⊆ will mean that 
the goal Сα1 is a subgoal of the goal Сα2. In this case, α2 is 
the beginning of the word α1, that is, α1=(α2, α3), where α3 
is some word or Ø.

Let gα be the number of subgoals into which the goal 
Сα is decomposed, then it generates goals Cα,1, Cα,i,…,Cα,gα. 
Denote by α the word obtained from α by discarding the 
last letter. The number of letters in the word α is denoted by 
α. The set of all indices α corresponding to goals Сα of the 
goal tree will be denoted by A, the number of levels of the 
goal tree will be Н. 

As mentioned above, the tree of goals generates an ele-
mentary structure for managing the organizational system, 
in which the level of the management hierarchy corresponds 
to the level of the tree of goals. The elements of this structure, 
which we denote by Sα, actually represent decision-making 
systems, that is, a way to implement management in an or-
ganizational system. In practice, in parity systems, on the 
one hand, the distribution of management (distribution of 
tasks, responsibilities, incentive opportunities) corresponds 
to the tree of goals, and on the other hand, it is possible to 
coordinate the work of any level of management due to free 
correspondence of information.

 
  

Fig.	2.	Levels	of	functioning	in	the	model	of	democratic	participation
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Let us introduce the notation:
ξα – the state of the system Sα;
uα,i – the control action of the system Sα on the elements 

of a lower level Sα,i=1, 2, …, gα;
wα – integrated information about the field of activity de-

termined by the goal Cα, transmitted from Sα to Sα (at |α|≥2);
{wα,1, …, wα,gα} – information about the fields of activity 

,1, 1, ;,C i aα α= … 

ij
α

αΛ = λ – the intensity matrix of correspondence be-
tween elements of level α, i, j=1, 2, …, gα;

ijT tα
α =  – the matrix, the elements of which reflect the 

complexity (bandwidth of communication lines, distance, etc.) 
of communication between elements of level α, i, j=1, 2, …, gα.

The system S1 manages the activities of the entire orga-
nizational system, so it receives concentrated information 
about the state and final product of the entire system. 
Moreover, S1 must have elements of self-organization, that is, 
adjust the goals and structure of the system. 

The system Sα of the middle level, i.e. 1<|α |<H, is con-
nected with the control system Sα and control objects Sα,i. 
The coordination of the work of the elements of the structure 
is carried out not only and not so much by linear control 
actions, but by ensuring full awareness and free movement 
of the corresponding information ij

αλ between performers of 
the same complex of works.

In accordance with Fig. 3, the parity control scheme of 
the element Sα is as follows.

The level of interaction between the elements of the 
organization can be estimated by a value that expresses the 
intensity of providing communication links between them. 
So, for a system of level α, such an estimate can be expressed 
by the quantity Qα.

1 1

.a ij ij
i j

Q l
α αg g

α α

= =

= λ∑∑

The sum Qα for all levels from α=1 to α=Н gives an 
estimate of the intensity of communication links in the sys-
tem – Q. It should be noted that these parameters are not 
traditional parameters of organizational system elements.

This situation is a consequence of the lack of proper 
structuring of the links between the elements, their complex 
multivariate nature. The development of control systems and 

their automation increase the importance of determining 
and analyzing the parameter Q.

5. 2. Modeling and results of the study of the imple-
mentation of the algorithm for constructing an individual 
learning path

When modeling the information environment, it is im-
portant to highlight the specific personal abilities of stu-
dents as guidelines for their educational activities. This is 
realized through an individual educational trajectory. 

In the course of the educational process, carried out along 
an individual educational trajectory, the students’ abilities 
are identified, realized and developed. This gives grounds to 
believe that the path of mastering these disciplines will often 
be determined not so much by the logic of these subjects, but 
by the totality of the student’s personal abilities.

When developing an individual educational trajectory, it 
is important to take into account the opinion of employers. 
This raises the problem of quantifying the level of competen-
cies formed by students. To determine the personality traits 
of students, which determine their ability to perform certain 
work, we introduce the concept of a competency-based qual-
ification unit (CBQU).

In an individual educational trajectory, in a certain pe-
riod, the teacher and employers evaluate the level of CBQU.

Let’s represent the qualification model of a specialist in 
the following form: 

{ }1 2, , , ,ME K K K= …  

where KМ – linguistic description of CBQU;
1,m M= – CBQU number in the set;

М – total count of CBQU in the set.
Each element from the set of KМ will 

be assigned a numerical score that re-
flects the corresponding level of CBQU. 
Let’s introduce the variable KlМ – the 
achieved level of CBQU KМ. Determining 
the achievement of the CBQU level is 
carried out by a group of experts (teachers 
and employers).

Let us define the term-set of the vari-
able {KliМ} – the set of possible verbal as-
sessments of the actually formed level of the 
CBQU KМ. In this case, KliМ, 1,l L= – the 
verbal value of the linguistic variable that 
characterizes the level of the m-th CBQU, 
L – the number of evaluation levels.

We represent the universal term-set of linguistic errors 
{KliМ} as follows: {“lack of qualification”, “very low level of 
qualification”, “low level of qualification”, “average level of 
qualification”, “high level”, “very high level of qualification”}. To 
the term-set of the given variable we assign a set of numerical 
estimates. We use a 100-point numerical rating scale. 

Let [KuoМ, KumМ] be the allowable interval of scoring 
estimated values for CBQU KМ, with each interval includ-
ing the obtained estimated values KumM∈[KuoM, KumM], 

, ,1t T=  where T is the number of elements in the estimated 
interval. Let us construct a set of functions that match the 
estimated values of KumМ with the elements of the above-de-
scribed term-set of the variable {KlМ}.

Experts identify boundary points for each l-th value of 
the linguistic variable KlM∈[KuoM, KumM]. If for each l-th 
qualification level of KМ a quantitative assessment of M

fKu  is 

 

 
  

Fig.	3.	Scope	of	element	Sα	in	the	parity	compromise	model
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formed, then it is possible to determine the value of the mem-
bership function ,l M

fKuµ  which reflects the degree of com-
pliance of students’ qualifications with this level. These pa-
rameters are normalized. 

Each verbally given level of CBQU KМ will be assigned 
a certain number that characterizes its compliance with the 
requirements. The opinions of experts on the compliance of 
the qualification levels of the m-th CBQU with the require-
ments of employers are processed by statistical methods and 
the membership functions η(KlM)∈[0, 1] are constructed. 
With the use of this function, we construct an aggregated 
function µ(KuM), which characterizes the degree of com-
pliance of the CBQU level actually formed among students 
with the requirements.

Based on the results of the assessment, a qualification 
model of a specialist is built. Such a model for the s-th spe-
cialty includes:

– qualification portrait of a specialist 

{ }1 2, , , ,M
s s s sE K K K= …

list of CBQU. This list was formed by a group of experts: 
employers and teachers of the university;

– a set of linguistic estimates

{ }1 2, , , ,M
l s s sE Kl Kl Kl= …

such that ( )η = 1.
m
jEl

 
Thus, the normative levels of CKE are 

determined;
– a set of numerical estimates

{ }1 2, , , ,M
s s s sK k k k= …

such that ( )µ =m
sE 1 . That is, the level of CBQU fully meets 

the requirements of employers.
In this regard, we note that at all stages of assessment 

for each student, his actual qualification portrait can be 
obtained: { }1 2, ,..., ,M

i i i id d d d=  where , ;1i St=  where St is the 
total number of students participating in the assessment 
procedure.

We also note that the distribution of students by spe-
cialization is carried out in such a way as to ensure their 
demand in the future in the labor market. In this regard, it 
is necessary to apply methods that allow one to obtain ap-
proximate values of the parameters of the predicted demand 
for graduates.

To do this, we will use an approach based on the extrap-
olation of trends in the development of personnel systems of 
employers who are leaders in their industries. This method is 
based on the approach to assessing the predictive demand for 
graduates of various specialties, directions, specializations 
and training profiles at a leading enterprise [12, 15].

Let us construct a branching algorithm for the individual 
educational trajectory of students, using membership func-
tions that characterize the correspondence of CBQU scores 
to linguistic evaluation levels and using predictive estimates 
of the demand for graduates. This stage consists of two stages.

Stage 1. Determination of specialization within the 
framework of the individual educational trajectory of stu-
dents. Let’s say St is the total number of students. For 
students 1,i St=  and specialization 1, ,sp Sp=  the degree of 
deviation of their CBQU from the requirements of industry 
standards is calculated by the formula:

( )( )2

1

( ,
M

sp m m m
i sp sp i

m

kd k d
=

∆ = λ µ − µ∑

where m
spλ  – the relative importance of the m-th CBQU, a 

specialization graduate 1, ;�sp Sp=
( )m

idµ  – values of the implemented function, character-
izing the level of actually formed CBQU of the i-th student;

( )m
spkµ  – the values of the membership function, charac-

terizing the level of CBQU that fully meets the requirements 
of employers [12, 15].

Stage 2. Choosing an individual educational trajectory 
for students.

Each i-th student ( )1,i St=  has a set of qualification 
characteristics. The CBQU level from the set for each 
student is characterized by the vector { }1 2, ,..., ,M

i i i id d d d=  
where M

id  is the score of the m-th CBQU level for the i-th 
student. Having calculated the formed CBQU for each 
student for one or another assessment level, we obtain the 
matrix ( ){ },m

i qdµ  , ,1q Q=  , ,1m M=  where Q is the number 
of assessment levels.

The result of solving the problem of distribution of first-
year students by specializations is shown in Table 1. The 
number “1” indicates a recommendation to the student to 
choose the appropriate specialization.

Table	1

Distribution	of	first-year	students	of	the	specialty	
“Information	Systems”	by	specializations

Students
Specialization

Automation 
and design

Web tech-
nologies

Business Administration 
in Information Systems

Student 1 1 0 0

Student 2 1 0 0

Student 3 0 1 0

Student … 0 1 0

Student n 1 0 0

The solution of the problem for the first five students is 
presented in Table 2.

Table	2

Results	of	solving	the	problem	of	forming	individual	
(personally	oriented)	educational	trajectories

Students
Academic disciplines included in 

the student-centered program
Vacancies

AD1 AD 2 AD 3 … AD 13 V1 V2 V3 … V19

Student 1 1 1 0 … 1 1 1 1 … 0

Student 2 0 1 1 … 0 0 1 0 … 1

Student 3 0 1 0 … 0 1 0 1 … 0

Student … 0 0 1 … 1 0 0 1 … 1

Student n 1 0 0 … 1 1 1 0 … 0

Experimental data on the implementation of an individu-
al educational trajectory are presented in Table 3.

The data in Table 3 are shown in Fig. 4 for visual pre-
sentation.

Thus, an individual educational trajectory is an ele-
ment of knowledge management and is aimed at obtaining 
optimal results and fully meets the needs of the strategic 
development of the entire system of an educational insti-
tution.
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6. Discussion of experimental results obtained in the 
development of mechanisms for the formation of an 

information and educational environment

The model of an individual educational trajectory is 
presented. The organization of training on an individual tra-
jectory requires a special methodology and technology. To 
solve this problem in modern didactics, two main methods 
are usually proposed, each of which is called an individual 
approach.

The choice of an individual educational trajectory should 
be made after the completion of the undergraduate studies. 
The results of the experiment (Table 1) make it possible to 
identify three main profiles of students’ professional growth 
along the corresponding educational trajectories. At the end 
of the first year, students choose an individual, student-cen-
tered educational trajectory, which includes a cycle of gener-
al education disciplines, as well as elective disciplines.

The task of forming personality-oriented individual tra-
jectories for students was realized in two stages:

1. A set of educational disciplines has been defined 
that ensure full compliance of the qualification charac-
teristics with the requirements of potential employers for 
each student.

2. Next, it is necessary to select individual educational 
trajectories from the resulting set.

Thus, the result of solving this problem is a matrix of 
academic disciplines that are included in a personality-ori-
ented program designed for each student, as well as about 
vacancies offered by a potential employer (Table 2).

Let us present the data 
of the experiment on the in-
troduction of an individu-
al educational trajectory. As 
performance criteria, the av-
erage assessment of academic 
performance, motivation, the 
choice of an educational tra-
jectory (the next educational 
route), participation in extra-
curricular and scientific activ-
ities, the level of achievement, 
the formation of intellectual 
qualities were used. The paired 
Wilcoxon test was used to 
compare the results. The prin-
ciple of applying the criterion 
is as follows. For each group, 
the value of the average annual 
assessment and the value of 
the change in the observed 
trait are calculated. The ob-

served features are ordered by absolute value. The sign of the 
change is then assigned to the ranks and these “sign” ranks 
are summed up – the result is the value of the Wilcoxon W 
test. The experimental data are shown in Table 3.

In accordance with the values obtained, the assumption 
that the sample means are statistically significantly differ-
ent from each other was confirmed, with the probability 
of an acceptable error not exceeding 3 % (Fig. 5, Table 3). 
W=46 (0.02). The change in the indicator is statistically 
significant.

The paper also considers three main models of interac-
tion between elements of the organization: bureaucratic, 
democratic participation and parity compromise. 

The method of modeling the interaction of elements of 
the organization was implemented programmatically on 
the MySQL database, JavaScript, PHP, SQL. The choice 
of parameters of the interaction model was carried out on a 
set of data related to the direction of training “Information 
Systems” (qualification “Bachelor”), but can be expanded 
for other areas of training. Software implementation of the 
method of interaction between elements of the organiza-
tion (bureaucratic model (Fig. 1), democratic participation 
model (Fig. 2) and parity compromise model (Fig. 3)) was 
performed in the form of a web application for monitoring 
the educational process, assessing students’ competence and 
improving the effectiveness of the curriculum.

The developed software system uses a DBMS as a data 
storage. The database consists of 24 tables and relationships 
between them, which can be represented as a physical and 
logical ER model.

Table	3

Experimental	results	based	on	the	Wilcoxon	test

 –

Average score

2018–2019 2019–2020 2020–2021 2021–2022 For the entire period

1E 2E 1E 2E 1E 2E 1E 2E 1E 2E

Experimental group 1–2 4 4.03 4.08 4.06 4.17 4.14 4.24 4.22 4.11 4.16

Control group 4.04 4.04 4.04 4.04 4 4 3.85 3.85 3.82 3.82

Amount of change –0.04 –0.01 0.04 0.02 0.17 0.14 0.39 0.37 0.39 0.34

Change rank –3.5 –1 3.5 2 6 5 9.5 8 9.5 7
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The results of a computer experiment proved that the 
choice of a model for the interaction of elements of an orga-
nization is effective:

1. The bureaucratic model is effective when the operating 
technologies are fully defined and debugged.

2. The model of democratic participation is effective if 
the technologies used require the manifestation of an indi-
vidual character, creativity.

3. The model of a parity compromise is effective if the 
functioning is based on complex modern technologies fo-
cused on competitive market relations in the external envi-
ronment.

Thus, the implementation of these models, which one 
is decisive, depends on how the main elements of systemic 
activity in educational institutions are defined. However, 
in the same organization at different levels of management, 
management hierarchies can arise that use combined models 
of interaction.

This study requires development, since the final de-
velopment of a methodology for modeling the interaction 
of elements of educational institutions requires additional 
selection criteria that meet the stated requirements, as well 
as the problem of protecting the information environment 
in order to fully ensure the quality of educational services.

7. Conclusions

1. Thus, the paper considers three main models of inter-
action between elements of the organization: bureaucratic, 
democratic participation and parity compromise. As a result 
of the experimental work, we select the parameters that de-
termine the choice of the interaction model:

– the bureaucratic model of interaction is characterized 
by a clear organization of labor, delimitation of powers, a 
well-organized control system, and coordination of the per-

sonal interests of employees with the goals of the organiza-
tion. The disadvantages include the passive role of employees 
in activities;

– the model of democratic participation is characterized 
by competition and non-antagonistic game of interests of 
employees to achieve goals;

– the parity compromise model is characterized by the 
consistency of the interests of the elements of the system 
with the goals of its existence. For large and complex sys-
tems, this type of control is not applicable.

Also, the choice of models of interaction between ele-
ments of the organization from the point of view of systems 
theory is influenced by the external environment. However, 
in the same organization at different levels of management, 
management hierarchies can arise that use different models 
of interaction. The implementation of these models, which 
one is decisive, depends on how the main elements of system-
ic activity in the organization are defined.

2. A model of an individual educational trajectory has 
been developed. The model combines both classical ap-
proaches to information modeling and informatization of 
educational activities, and modern specific approaches based 
on the use of the advantages of modern information pro-
cessing and telecommunications tools, the latest methods of 
information presentation. 

After analyzing the data on the progress of the control 
and experimental groups, their intellectual qualities and the 
choice of an individual educational trajectory, it can be ar-
gued that as a result of training on an individual educational 
trajectory of learning proposed by the authors, the qualita-
tive indicators of the intellectual and psychophysiological 
state improved, and the personal and intellectual potential 
of their activities increased. An individual educational tra-
jectory is presented as a process of making a decision by a 
student based on a system of individual values and personal 
meanings. 
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