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Abstract. For formal representation of virtual educational space elements, the paper considers the 
topology methods, in particularly the methods for categories and functors theory, allowing for solving 
semistructured and indeterminate problems and reflecting their results at the high level of abstraction. 
The conducted analysis shows the virtual educational space as a generalized scheme, including an 
associative connection of the site of departments and general education schools.  
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Анотація. Розглянуто можливості формального подання елементів віртуального освітнього 
простору. Показано узагальнену схему віртуального освітнього простору. Для систематизації 
об’єктів віртуального освітнього простору запропоновано використовувати теорію категорій. 
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Аннотация. Рассмотрены возможности формального представления элементов виртуально-
го образовательного пространства. Показана обобщенная схема виртуального образователь-
ного пространства. Для систематизации объектов виртуального образовательного про-
странства предложено использовать теорию категорий. 
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Introduction 
 

To date, there is a rapid introduction of infor-
mation technology into the education system, 
this is obvious, and does not require rigorous 
evidence. The transition from the information 
society to a knowledge-based society presup-
poses profound changes in the structure of the 
education system and the imparting of new qual-

ities to it [1]. Until recently, many scientists re-
garded the education system as an organization-
al system that fulfills the functions of education, 
training, upbringing and scientific activities. In 
recent years, the impact on the educational sys-
tem of the global factor – the information and 
communication revolution, has led to the fact 
that the educational system with these functions 
is viewed as a complex self-organizing system 
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whose structure has been transformed into an 
organizational and technical structure consisting 
of a multitude of educational institutions and 
organizations. It contains elements and subsys-
tems that have an integrated intelligence [2], i.e. 
Natural human intelligence and artificial intelli-
gence, whose models are realized in the form of 
declarative and procedural representations of 
knowledge. 
 

Analysis of Publications 
 
In the work [3] evolution of structures and pro-
cesses of self-organization in the system of 
higher school is shown, where special attention 
is paid to the place, role and tasks of virtual 
space. In addition, in the collective monograph 
[4] and in a number of articles [5, 6], methods of 
linguistic technology and ontological engineer-
ing, including a method for the formation and 
analysis of semantic networks of key concepts 
of academic disciplines, have been developed. 
These theoretical constructions determine the 
analysis of the existing state of educational net-
works and, in general, virtual space for con-
structing the systemological and mathematical 
foundations of educational portals. The ordering 
of the elements of the virtual educational space 
at the present time is an actual task. 
 

Purpose and Tasks 
 

The purpose of this work is to analyze the possi-
bilities of formal representation of elements of 
the virtual educational space and the systemati-
zation of its objects. The object of the study is 
the processes and elements of the virtual educa-
tional space. The subject of the study are meth-
ods and models of the formal representation of 
elements of the virtual educational space. 
 
To achieve the goal, the system approach was 
used in the work, in particular methods of analy-
sis and synthesis, decomposition and aggrega-
tion, methods of mathematical modeling and 
scientific generalization. In addition, topology 
methods were used, in particular methods of  
category theory of functors that allow solving 
weakly structured and unclear tasks, and display 
their results with a high degree of abstraction. 
 
Representation of Virtual Educational Space 
Elements with the Use of Category Theory 

 
It is known that at the present time the Internet 
is the main of the important types of information 

support for general education schools and uni-
versities, in which a certain virtual space is allo-
cated to each educational institution and on this 
basis the websites of these institutions are 
formed. In addition, many pedagogical and sci-
entific-pedagogical workers develop and use 
their personal websites in their professional  
activities. Examples are the site of the scientific-
pedagogical worker [7] and the site of the peda-
gogical worker [8]. 
 
The analysis of the structures of virtual spaces 
of schools and colleges revealed both ad-
vantages and disadvantages of the formation of 
sites which reflect the virtual spaces of these 
educational institutions. One of the advantages 
is that at present every school of general educa-
tion has its own website, which strengthens the 
information and methodological support of the 
educational process.  
 
Separate school sites are united by correspond-
ing hyperlinks with the Ministry of Education 
and Science of Ukraine, colleges and other edu-
cational institutions. Introducing the concept of 
«hyperlinks», let us explain its essence. State 
standards of Ukraine: terms and definitions [9] 
state: a hypertext system is an intelligence sys-
tem based on the use of hypertext. In turn,  
hypertext is a way of organizing a stored text, 
which uses associative links between its  
fragments.  
 
The placement of educational material in a vir-
tual educational space based on web technolo-
gies makes it possible to increase the semantic 
load by organizing special hyperlinks in manu-
als or textbooks, as it was suggested in work 
[10], which is posted on the site [11]. 
 
The above provides a basis for presenting the 
virtual educational space in the form of a gener-
alized scheme, shown in Figure 1.  
 
In Figure 1, the generalized space of colleges is 
indicated with the dashed line and the general-
ized virtual space of general education schools 
with a solid line. Such symbolism is due to the 
fact that the virtual space of schools is strictly 
limited to curricula and textbooks of general 
educational nature. The virtual space of colleges 
has fuzzy boundaries and some vagueness of 
information representation due to the scientific 
functions performed by the higher education 
institution. 
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Fig. 1. Generalized scheme of virtual educational space 
 

Figure 1 also shows that two generalized spaces 
can intersect. Let us denote the virtual space of 
schools Vschool, and the generalized virtual space 
of colleges VC. In the set-theoretic language, 
generalized virtual spaces can be interpreted by 
the following formalisms 
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Then formally the intersection of these spaces 
can be written in the form 
 

,school C GVV    
 

where G is a virtual space formed by a set of 
pairs of websites of schools and universities. 
 
As an example of such a pair, it is possible to 
cite the sites of the school No. 105 of Kharkov 
city and the site of the department of geoinfor-
mation systems, land and real estate appraisal of 
the A. N. Beketov National University of Urban 
Economy in Kharkiv (see Figure 2). 
 
In Figure 2, a dimensional arrow shows a hyper-
link that provides an injective, bijective and sur-
jective mapping of the elements of the sites un-
der consideration. In the language of category 
theory, the set of such mappings can be regarded 
as a functorial morphism. By the definition giv-
en in work [9] the term «functor» is treated as a 
special type of mapping between categories. A 

category is defined as the class of objects Ob(K) 
together with the class of morphisms Mor(K) 
and the composition law  , if the following ax-
ioms are satisfied: 
1. Associativity of the composition law:  
for fMor(X,Y), gMor(Y,Z), hMor(Z,T),  
correct 
    h g f h g f    ; 

 
2. The existence of the unit: for each 
XOb(K), there exists a morphism 
lxMor(X,X), called the identity or unit 
morphism of object X, such that for any 
fMor(X,Y), and gMor(Z,X),  takes place 
 

xf l f , .xl g g  
 
This definition of the category gives it funda-
mentally new properties in comparison with the 
notion of «set». An important property of the 
category is that its objects Ob(K) can have any 
nature, of the virtual space as well which makes 
up the sites, in the form of models or other 
mathematical constructions – formalized theo-
ries, ontological and algebraic models, groups, 
circles etc.  
 
Let us identify the generalized virtual spaces  

schoolV  and CV  with the categories 
 

school schoolK V  and C CK V . 

College 1 College 2 College 3 
 

    College N 

MES of Ukraine Other educational 
institutions 

…   …   … 

  … 

V – SPACE OF GENERAL EDUCATION SCHOOLS 

V- SPACE OF  
COLLEGES  

M 
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Fig. 2. Illustration of the associative link of the site of the department and the general education  
school № 105 

 
These properties of the categories allow to use 
already formulated formal theories, models, etc., 
which describe specific subject areas when for-
malizing [3, 4]. In addition to the above proper-
ties, in category theory there are subcategories 
that can be objects of a category. In the works 
[1, 2] a function or mapping of one set into an-
other is also placed on a higher stage of general-
ization. 
 

Conclusion 
 

In this article, an analysis of the possibilities of a 
formal representation of the elements of a virtual 
educational space was made. The associative 
connection of the departments and general edu-
cation schools site with the use of methods of 
topology, in particular methods of category the-
ory and functors is shown. An important proper-
ty of category theory is that its objects can have 
any nature, as well of virtual space. 
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