This paper describes the basic conceptual
apparatus required to form information
spaces for scientific activity subjects. Set
models have been built to identify collective
and individual scientific activity subjects,
including information on the subjects’
publication citations, their abstracts, as well
as their indicators in scientometric databases,
etc. A conceptual scheme of interaction
between collective and individual scientific
activity subjects has been described, taking
into consideration the dynamics of their
productivity.

A method has been proposed to form the
information spaces for the collective and
individual scientific activity subjects such as
higher education establishments and scientists.
The method involves a series of stages to
identify and construct citation and scientific
cooperationnetworks, to form subject scientific
spaces, and, based on them, to devise methods
in order to quantify productivity. The results
of methods application form the components
of the relevant information spaces of scientific
activity subjects. The spaces to be built could
be used to solve the task of selecting subjects
Jor the implementation of joint scientific and
educational projects. In addition, these spaces
could be applied to form the organizational
and functional framework of the collective
scientific activity subjects, including their
structural units, which would contribute to
ensuring their stable development.

Creating the information spaces of
scientific activity subjects underlies resolving
those issues that would stimulate investment
in research and innovation, strengthen
cooperation between universities, improve
the efficiency and productivity of the
scientific enterprise. It has been confirmed
experimentally that the potential of a collective
subject of scientific activity, including
individual subjects, the rate of change of
identifiers of whom is positive, would have
a non-negative potential. A rate of change
in the normalized indicators of identifiers of
individual and collective scientific activity
subjects has been calculated for the period
Jfrom January 2019 to December 2020 for three
higher education establishments
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1. Introduction

procedures for ensuring the formation of rational composition

The development of models and methods of scientific
research management has an important role in order to im-
prove scientific activity, stimulate basic and applied research,
promote innovations. In this regard, it is important to devise

and structure of scientific activity subjects (higher education
establishments and their structural units, as well as scientists).
Such procedures should be based on objective indicators of the
scientific activity performance, taking into consideration all
elements in the information space of scientific activity subjects.




Each subject of scientific activity exists and evolves
within its information space where information on its devel-
opment is accumulated and stored. The information space of
a scientific activity subject maps data on the results of scien-
tific activity, performance assessments, citation of scientific
publications, etc. The output of scientific activity subjects
depends on the understanding of the principles underlying
the construction and functioning of their information space.
In addition, launching scientific or educational projects that
involve scientific activity subjects ensures the synergistic in-
teraction of their information spaces, the transition of values
from one information space to another.

Devising a method that forms the information spaces
of scientific activity subjects, as well as studying relations
among information spaces, ensures the steady evolution of
higher education establishments. In addition, such studies
are important for the development of strategic decisions to
improve the scientific potential in general. The relevance
of the formation of information spaces of scientific activity
subjects is also defined by the strategic goals of the European
Research Area (ERA) [1], which is currently the dominant
concept for the creation of a single market for research, tech-
nology, and innovation in EU. ERA implies the implementa-
tion of four strategic goals [2]:

1. Prioritize investments and reforms in R&D to support
digital transformation.

2. Improve access to research and innovation for re-
searchers.

3. Ensure the development of research products by the
market and the competitive leadership of Europe in the field
of technology.

4. Make progress in the free circulation of knowledge,
researchers, and technologies by strengthening cooperation.

One can assume that the specified ERA tasks combine
key landmarks to which the scientific community should be
directed in any state. Constructing information spaces of
scientific activity subjects is at the heart of solving problems
that would stimulate investment in research and innovation,
strengthen cooperation between universities, improve the
efficiency and productivity of research activities in general.

2. Literature review and problem statement

The first component in the stage of constructing a meth-
od to build information spaces of scientific activity subjects
is the analysis of networks of scientific cooperation and cita-
tion networks, building which makes it possible to calculate
important characteristics for scientific activity subjects that
could underlie determining their identifiers. The main tasks
that are addressed within the framework of the analysis of
scientific networks are the examination of the principles
underlying the creation and functioning of networks of
scientific cooperation [3] and citation networks [4]. The
tasks of analyzing topics [5], construction of scientific net-
works based on common keywords are also solved. Paper [6]
found that the research into cooperation networks should
be performed at the micro level since links at the macro
level do not properly reflect the peculiarities of cooperation
between the scientific activity subjects. Work [7] reported
the first attempts to use the analysis of scientific networks
of cooperation to reflect the microstructure of interaction
between scientists. Study [8] investigates the development
of a network of scientific cooperation in the dynamics in

three aspects: current topological characteristics, forecast-
ing two-regime scaling analytically and based on numerical
simulations. The cited study shows that internal links play a
crucial role in determining the scaling behavior and network
topology. Works [9, 10] describe the practical results from
investigating the structure of networks of scientific coopera-
tion in the field of scientometrics.

A powerful tool for scientometric evaluation of the
performance of individual scientific activity subjects is the
network of publications citations. Paper [11] describes the
use of a link ranking method to evaluate the performance
of scientific activity based on the construction of a citation
network.

A second component is the formation of subject scientific
spaces that make it possible to group scientific activity sub-
jects based on a common area. Paper [12] describes a method
to form subject scientific spaces based on clustering the cita-
tion graph. For this task, work [13] chose a method of n-gram
analysis to establish the similarity between the abstracts of
scientific publications, which makes it possible to obtain a
smaller number of clusters.

Assessment of the productivity of scientific activity sub-
jects is a third component in the formation of information
spaces. Evaluation results make it possible to identify sub-
jects, rank them taking into consideration the area-specif-
ic scientific space. Works [14, 15] describe a multicriterial
method for assessing the performance of scientific activity
subjects, which may be the basis for building their identifiers.
Paper [16] describes the use of network services for infor-
mation and analytical support of scientific and pedagogical
research. The approach to an independent evaluation of the
quality of electronic publications and publication activity of
scientific activity subjects through the analysis of the values
of scientometric indicators of open electronic bibliometric
systems is also given. The authors conclude that scientometric
bases, which are now international and widely used, have a
series of significant limitations. To ensure a more adequate
representation of the nature and degree of scientific activity
by scientists, their personal contribution to the advancement
of certain branches of science, further development of the
technical component of scientometric bases and methodolog-
ical evaluation base is required. The results of the application
of the method that forms the information spaces of scientific
activity subjects could be the basis for finding a solution to
the multi-criteria problem of choosing potential scientific
partners for cooperation [17, 18], the development of compe-
tent principles for building scientific partnerships [19, 20],
the introduction of innovative scientific projects [21, 22], etc.

The above works addressed some aspects of the stages
of formation of information spaces of scientific activity sub-
jects, which are focused primarily on the state of subjects
at a particular point in time. The considered methods do
not fully reflect the development of productivity of scien-
tific activity subjects and require a systematic approach to
investigating their connections. That requires the study of
changes in the state of the subjects in the dynamics, taking
into account the results of performance evaluation in the
previous time, etc.

3. The aim and objectives of the study

The purpose of this research is to devise a method to
form the information spaces of scientific activity subjects



in order to ensure the steady evolution of higher education
establishments.

To accomplish the aim, the following tasks have been set:

—to describe the basic conceptual apparatus underlying
the formation of information spaces of scientific activity
subjects;

— to build multiple identification models and a conceptu-
al scheme of interaction of individual and collective scientific
activity subjects;

— to determine stages in the construction of information
spaces of scientific activity subjects.

4. The study materials and methods

Ensuring the steady evolution of higher education estab-
lishments depends on the understanding of the principles of
formation and interaction of information spaces of scientific
activity subjects, which is part of these institutions of higher
education.

To obtain results on the construction of set models of
identification of collective and individual scientific activi-
ty subjects, we used systems analysis and a theory of sets.
Systems analysis makes it possible to decompose a collective
scientific activity subject and describe a set of its parameters,
as well as interaction among them, which contribute to its
steady evolution. A theory of sets is used to describe models
of identification of scientific activity subjects, making it pos-
sible to formalize key indicators that are important for the
steady development of relevant subjects.

Network theory was applied to describe the network of
citations and the network of scientific cooperation. Elements
of cluster analysis were used to build subject-specific scien-
tific spaces. For cluster analysis taking into consideration
additional parameters of the results of scientific activity of
subjects, we employed methods of probabilistic latent seman-
tic analysis and n-gram analysis.

The hypothesis of this study is that the development of
individual scientific activity subjects exerts an impact on the
steady development of collective scientific activity subjects.

5. Set models of identification of scientific activity
subjects and a method that forms information spaces

5. 1. Basic conceptual apparatus underlying the forma-
tion of information spaces of scientific activity subjects

Space is a set of ordered objects or entities, often with a
multilevel structure, whose place in this structure is deter-
mined on the basis of their identifiers.

Information space is a space whose components are infor-
mation objects that are organized into a multilevel structure
with identifiers, which are determined according to certain
circumstances and rules and are the result of coordinated
activities of the society.

The result of scientific activity as an intellectual and cre-
ative process is to acquire new fundamental and/or applied
knowledge. This process involves a series of mandatory or
situational actions. Namely: analysis and generalization of
facts, generation of hypotheses and new concepts, movement
of scientific knowledge, based on known facts and concepts,
in the direction determined by the research hypothesis,
etc. Given the global nature of the scientific community,
scientific activity cannot be considered through the prism

of one scientist. It should be understood that the process
of scientific activity is, for the most part, collective, it is
actively or indirectly influenced from the outside by a global
network of scientific cooperation. Moreover, this influence
has feedback.

Thus, the organization of scientific activities is a process
aimed at forming, restoring, or improving these links to
improve efficiency. Scientific activity is impossible without
an educational one. These are two complementary processes
that could be ensured effectively only in those organization-
al systems that combine, according to certain rules a team,
motivated to coordinate to achieve the goal of people. Accu-
mulated results of this activity in the form of information ob-
jects form an informational educational and scientific space.

Information space of scientific activity subjects is an in-
formation space whose components are information objects
that are organized into a certain structure with identifiers.
Identifiers are determined by the results of educational
and scientific activities of certain subjects of this activity.
That is, the information space of scientific activity subjects
includes scientific activity subjects and a retrospective rep-
resentation of the identifiers of these subjects, determined
by the results of their scientific activity. Information spaces
of various scientific activity subjects could intersect and be
segmented when included in subject scientific spaces.

Scientific activity subjects to be considered here are the
higher education establishments and their structural sub-
units that are directly engaged in educational and scientific
activities. The sub-units include institutes, faculties, depart-
ments, scientific and teaching staff of these units, groups of
scientists, united by the implementation of some projects, as
well as individual scientists. One of the mandatory compo-
nents of the activities of such subjects is scientific activity.
In this context, there is a task to quantify the output of this
activity. Individual scientific activity subjects are scien-
tists. Collective scientific activity subjects are the scientific
organizations and higher education establishments, which
are formed from individual scientific activity subjects. Each
scientific activity subject is represented by a model of identi-
fication and information space.

The productivity of scientific activity subjects is a quan-
titative indicator of the effectiveness of scientific activity
subjects. In the process of calculating this indicator, both
devised and known indexes of scientific activity could be
used, depending on the needs of calculation and its applica-
tion. The productivity of scientific activity subjects is often
considered as the ratio of labor results relative to the time
of fixation of scientific indicators or in comparison with
other scientific activity subjects. Therefore, to calculate this
indicator, it is necessary to clearly explore the information
space of the scientific activity subjects, its connections with
other information spaces. This could be done by separating a
part of the information space that is responsible for a certain
subject area of research.

Subject-specific scientific space is a set of scientific ac-
tivity subjects and parts of their information spaces, which
are ordered and united according to the criterion of the joint
direction of research activities. At the heart of this space
are the scientific activity subject and its part of information
spaces with corresponding identifiers.

The organizational and functional structure of scien-
tific activity subjects as an organization is a set of links
that establish the ordering, regulation, coordination of
scientific activities of subjects to achieve the goals, in par-



ticular, improving the effectiveness of scientific research
and its potential.

5. 2. Set models of identification of scientific activity
subjects

Let A={ay, ay, ..., a,} be a set of scientific activity subjects
or scientists who are active representatives of the education-
al and scientific space, that is, they are engaged in active
publication activities, n is the number of scientists. Let
Q={q1, g2, ..., qm} be a set of scientific publications published
by scientists from set A, m is the number of publications.

Let the set of all pairs between the elements of the sets A
and Q be assigned

AxQ={(a.q)|lac ArngeQ} 6

and the binary relationship UcAxQ, which defines the
authorship of publications geQ. In addition, we determine
a binary relationship that defines the citation of all publica-
tions geQ,

QXQ={(6],-,L]]-)|6],-,6]]~GQ,iij}- 2

A set of all publications by a scientist a€A is denoted as

Q(al.,t)z{qjeQ|(al.,qj)eU,teT}, izl,in, jzm. 3)

A set of scientific publications cited by each scientific
activity subject at the time 7 is denoted through C(a,.,t), the
set of publications in which the publications of the scientific
activity subject are cited at the time ¢ — through C(q;), thus:

;i €Q|(qy,qj)eC, -

C(a,t)=14,€Q(a,), ci=ln j=lm (%)
teT,y:m

q,€Q|(q,.9,)€C. |
C(ayt)=1q,€Q(a), ci=ln, j=Lm.  (5)
teT,y:Lirn

For each publication geQ, determine the set of its au-
thors

A(qj)z{aieAHa,.,qj)eU}, i=1n, j=1,7. (6)

as well as a set of scientific publications quoted by a given
publication geQ at the time ¢ — C(qj) , and a set of publica-
tions quoting the publication g€Q at the time ¢ — C(q):

4,€Q|(a,49,)<C,

E(qjyt): teT y:ﬁ

’ j:Lm’ (7)

4,€Q|(a,9,)<C.

v , j=Lm. 8)
teT,y=1m

C(qj’t):

Each publication g€Q is matched with its abstract g€ Q.
Scalar assessment of the productivity of a scientific ac-
tivity subject is a certain functional representation ®:

®:A>R, )

where R is the set of real numbers.
The individual scientific activity subject at the time ¢ is
represented by a set of identifiers that determine it:

Q(ai,t),C(ai,t),C(ai,t),

X (ai’t): QA(aiyt)’q)(ai’t)’M(ai’t) ’

(10)

where Q(a;,t)) is the set of publications by an individual sci-
entific activity subject a; at the time ;

C(a,,t) — the set of scientific publications cited by the
scientific activity subject g; at the time ¢;

C(ajt) — the set of publications that quote the publica-
tions by the scientific activity subject a; at the time ¢;

Q4(a;,t) — the set of abstracts of the publications by the
scientific activity subject a; at the time ¢;

®(a;,t) — the evaluation of the performance of the sci-
entific activity subject a; at the time ¢, for example, the
Hirsch index;

M(a;,t) — the number of international projects in which
the scientific activity subject a; participates at the time ¢.

In addition, the model of identification of an individual
scientific activity subject could include the impact factor of
his/her publications and other parameters.

The collective scientific activity subject is represented by
a set of identifiers that determine it:

NC(ai’t):<<I>1(ai,t),CIJQ(ai,t),CIDS (ai,t),>, 1)

<I>4(ai,t),d>5 (al.,t)

where ®q(a;,t) is the normalized assessment of the interna-
tional activity by the scientific activity subject a; at the time
t, for example, the number of internships of employees of a
collective scientific activity subject abroad, the number of
projects with foreign funding, etc.;

®y(a;, t) is the normalized assessment of the cohort
of higher education applicants of the collective scientific
activity subject, a;, at the time ¢, if the subject renders
educational services, for example, as a higher education
establishment (HEE). The assessment of HEE should take
into consideration the educational component, the cohort
of students: the average EIT score of those enrolled, passing
minimum, etc., which are important estimates that deter-
mine the potential of HEE;

®5(a;, t) is the normalized assessment of the scientific or
scientific-pedagogical composition of the collective scientific
activity subject g; at the time ¢; it can be an average quan-
titative assessment of the productivity of employees over a
certain period of time;

®4(a;,t) is the normalized quantitative estimation of
research activity of the collective scientific activity subject
at the time ¢

®5(a;,t) is the normalized assessment of available re-
source support at the time ¢, in particular the material and
technical support of the collective scientific activity subject.

These identifiers are not limiting when setting a scientif-
ic activity subject. However, knowing the main components
of the calculated parameters, it is possible to calculate the
tasks that would improve the effectiveness of the organiza-
tion of scientific activities in the information educational
and scientific space of Ukraine.



Identifiers of the scientific activity subject at the current
time ¢, and retrospective values at the moments of time .4,
A=0,x, form the information space of a scientific activity
subject. In this case, the values of identifiers are cumulative.
The representation of identifiers of individual scientific ac-
tivity subjects a; is given by a multilevel time series:

(N’(al.,to),R[(ai,q),...,N[(al.,tH),N’(ai,tx)).

The representation of values of identifiers of collective sci-
entific activity subjects g; is given by a multilevel time series:

(NC (airto)’NC (aiytl)y...,

The potential of the development of scientific activity
subjects is determined by the rate of change in the indica-
tors of identifiers of these subjects, which is calculated as a
percentage comparison of the current value of each identifier
with the value of one of the previous periods. For collective
scientific activity subjects:

§ 1D (a,t )—CD.(CL,[ _b)
C _ x F\%irbx
S (ai’txytb)_ 5% q)j(ai,tx_b)

(12)

X (a,t, )X (a,t,))- (13)

100%, (14

where S§¢(a;, t,, tp) is the rate of change in the indicators of
identifiers of collective scientific activity subjects a; at the
time , relative to the time 7, that is, the potential of collec-
tive scientific activity subjects a;.

Similarly, for individual scientific activity subjects, a rate
of change in the indicators is determined from the following
formulas:

Q( t)_.; Q J'tl’
Q" (ayt,)= te IHB('. 1) : (15)
max(|Q (@, J)-min(|Q(a, .. )
|C m ( )

CY(ayt, = , (16)
‘“f( ) mip ( o)
M"(a,t,)= |M(a”tx)_r’ng’l(,M(aj’tx)) .oan
rjri%i((M(aj,tx)|)—rjri%1(M(aj,tx))

., CD(al,tx)—rjg}?(d)(a/,tx))
[} (ai’tx) Hlﬁ%((q)(aptx))—Hi%l(q)(aj,tl))y (18)
S'(ayt.t,)
Q' (0.0.)-0Q" (a,t.,) |
QY (aﬂtx—b)
Ll
1 a,t,., o
% MN(ai,tx)—MN(ai,tx_b) 1007 (19)
T M,
oY (a,t,)-0"(a,t,.,)
' (DN(ai’tx—h)

where S'(a;, t,, tp) is the rate of change in the normalized
indicators of identifiers of individual scientific activity
subjects a; at the time #, relative to the time ¢;, that is, the
potential of individual scientific activity subjects a;.

Let ATcA be a set of individual scientific activity sub-
jects, A°cA — a set of collective scientific activity subjects.
Let € cAC, where Q is a set that includes the individual sci-
entific activity subjects and which determines the collective
scientific activity subject agq, then

IeQ, Ve, eT, S'(ht,t,)>0=5(agt,.t,)20,(20)
that is, there are such individual scientific activity subjects
whose potential is positive. It follows from meeting the
condition (20) that the potential of a collective scientific
activity subject or organization, including these individual
subjects, would have a non-negative potential. This is equiv-
alent to the fact that the rate of change in the indicators of
identifiers of the collective scientific activity subject would
be positive.

5. 3. Stages in the construction of information spaces
of scientific activity subjects

Thus, the development of individual scientific activity sub-
jects causes the development of collective scientific activity
subjects or organizations. Moreover, parts of the information
spaces of scientific activity subjects intersect with the infor-
mation spaces of other scientific activity subjects, for example,
joint publications in which both subjects are co-authors.

Scientific activity subjects and parts of their information
spaces are included in subject scientific spaces that unite
subjects that work in a common scientific area. In the case
of the creation of joint projects, the information spaces of
individual scientific activity subjects interact, forming a new
quality, which is a catalyst for the development of collective
scientific activity subjects, thereby increasing their own de-
velopment potential (Fig. 1).

Systematically managed development is the key to the
steady development of collective scientific activity sub-
jects: scientific organizations and higher education estab-
lishments. To build an information space of the scientific
activity subject, it is necessary to perform a series of stages:

1. Calculate all identifiers for the scientific activity sub-
ject at the current time. If possible, select identifiers that
were registered previously.

2. Build citation networks and networks of scientific
cooperation.

3. Build subject-specific scientific spaces. This is neces-
sary to understand in which direction or directions of scien-
tific activity the subjects work.

4. Devise methods of quantitative evaluation of the pro-
ductivity of scientific activity subjects. This is necessary to
understand the potential of scientific activity subjects. The
results of applying the methods form the components of the
information space.

When creating scientific projects and in the formation
of the organizational and functional structure of collective
scientific activity subjects, the built information spaces are
a key source of information for the use of appropriate models
and methods of multicritical choice.

Our study examines in more detail the specified stages.
The first stage is the formation of an identification model
of the scientific activity subject with the necessary set of



parameters used for calculations. The construction of cita-
tion networks and scientific cooperation makes it possible to
determine the place of the scientific activity subject within
the educational and scientific space. A separate task is to
visualize such networks [23, 24].

a1l

¢ (aii\\j;_'_z_,-l

€ o)

Fig. 1. Conceptual scheme of interaction among scientific activity subjects

The next step is the identification of subject scientific
spaces. This can be done on the basis of clustering the scien-
tific publications based on the proximity of abstracts using
the method of locally sensitive hashing [25], by a citation
graph, or using latent-semantic analysis [26]. As a result, a
set of publication clusters would be obtained on the basis of
which subject scientific spaces are built.

The next stage is the calculation of performance assess-
ments of scientific activity subjects. If we assume that pro-
ductivity and subject scientific spaces dynamically change
over time, then it is possible to consider this change in the
form of discrete-time series and calculate the nature of
productivity development in the future. To evaluate the pro-
ductivity of scientific activity, a method has been proposed
that makes it possible to take into consideration all the
citations of publications by scientific activity subjects and,
at the same time, takes into consideration self-citation and
cross-citation. One could also use a comprehensive method
for assessing the productivity of scientific activity subjects.
The result is quantitative assessments of the productivity of
scientific activity subjects.

Built spaces could be used to solve the problem of choos-
ing scientific activity subjects for the implementation of joint
scientific and educational projects. This could be implement-
ed on the basis of a multicriterial selection problem and with
fuzzy output. The result is a list of partners that meet the
requests by a decision-maker.

The solved problems lead to the task of formation of the
organizational and functional structure of scientific activity
subjects, which directly affects the change of identifiers for a
higher education establishment or its structural sub-units as a
scientific activity subject. As a result, there are changes in the
values of identifiers of the scientific activity subject. Features
of the formation of the organizational structure of higher
education establishments, in particular for the task of digita-
lization of higher education, are described in works [27, 28].

scientific activity

/ scientific activity

Subject-specific
scientific space

6. Discussion of research results on the formation of
information spaces of scientific activity subjects

An individual scientific activity subject is represented
by a set of identifiers, which include the sets of publica-
tions, quotations, abstracts, performance
assessments, and international projects in
which this subject participates. To form a
representation of values for the identifiers
of individual scientific activity subjects and
information space of the scientific activity

Collective

subject subject, it is necessary to include their ret-
rospective values. That imposes a certain
restriction on the use of the method because
Individual at the moment there is no single source from

which it is possible to obtain up-to-date
data for any individual scientific activity
subject at any time.

Data on publications are partially giv-
en in international scientometric databases
such as Scopus, WoS, etc. In the profiles of
scientists at ORCID, Publons, etc. Data on
citation are given in these scientometric da-
tabases, as well as communities of publishers
of academic publications such as Cross-
Ref. Abstracts of scientific publications are
much more accessible than full texts and
are hosted by the websites of scientific publications. Data on
international projects in which a scientific activity subject
participates could be obtained from reports posted, in par-
ticular, on the National Erasmus+Office sites.

Accordingly, centralized data collection in a single sys-
tem, their systematization, and comparison with an indi-
vidual scientific activity subject is a prerequisite for the use
of the method of forming information spaces of individual
scientific activity subjects.

To form a representation of values and information space
of the subject of collective scientific activity subjects, it is
necessary to evaluate international activity, a cohort of ap-
plicants, scientific or scientific-pedagogical staff, research
activities, and resource support. In addition to the data
sources discussed above, additional data sources should also
be considered. To build an information space of a scientific ac-
tivity subject, it is necessary to understand in which direction
or directions of scientific activity the subjects work. That is,
it is necessary to build subject scientific spaces and evaluate
subjects within these spaces. Methods of construction of such
spaces and methods of estimation of productivity of research
activity should be adapted to the task of forming information
spaces of scientific activity subjects. In this context, the task
of investigating the method of formation of information spaces
of scientific activity subjects has yet to be explored in detail.

To verify the described method, collective scientific
activity subjects at the department level were selected from
Astana IT University (Nur-Sultan, Republic of Kazakh-
stan), Taras Shevchenko National University of Kyiv (Kyiv,
Ukraine), State Higher Educational Institution “Uzhhorod
National University” (Uzhhorod, Ukraine). The number of
individual scientific activity subjects that are part of the
collective subjects ranged from 5 to 15. The rate of change
in the normalized indicators of identifiers of individual and
collective scientific activity subjects for the period from Jan-
uary 2019 to December 2020 was calculated.

subject



The method of formation of information spaces of scien-
tific activity subjects was applied to the scientific activity
of the collective subject: the Department of Information
Systems and Technologies at the Taras Shevchenko National
University of Kyiv. This collective entity consists of 11 full-
time employees — individual subjects, for each of whom the
rate of change in the identifiers was calculated. To determine
the identifiers of subjects, the data from the scientometric
base Scopus were taken as a basis. The indicators were cal-
culated as of 1.01.2020 and 1.01.2021. The rate of change in
the indicators of scientific activity by individual subjects is
given in Table 1. The values are calculated from formulas (15)
to (19). According to formula (14), the rate of change in the
indicators of identifiers for the collective scientific activity
subject (Department of Information Systems and Technolo-
gies) was calculated S (8,050 ) =17.8 %.

build a formalized model of information space and a concep-
tual scheme of interaction of scientific activity subjects.

2. Set models of identification of individual and col-
lective scientific activity subjects have been built. The
model of identification of a scientist as a scientific activity
subject has been defined, which includes a set of publi-
cations by the scientist, a set of scientific publications
cited by the scientist, a set of publications that quote
the publications by the scientist, a set of abstracts of the
scientist’s publications, an assessment of the scientist’s
productivity, etc. The identification model of a higher
education establishment as a scientific activity subject
has been defined, which includes an assessment of the
international activity of the scientific activity subject,
the assessment of the cohort of applicants for higher
education as a scientific activity subject, the assessment

of the scientific and pedagogical staff

Table 1 the higher education establishment,
Calculation of indicators and rate of change in the assessment of research activities of
the indicators of scientific activity subjects the higher education establishment, the
TN ) ' ' assessment of available resources, in par-
I\L?ﬂosfciggagg Q%(at,), | C¥(ant,), | MY(ant,), | ®"(ayt,), | S"(antot,), | ticular, material-technical support of the
activity subject | formula (15) | formula (16) | formula (17) | formula (18) | formula (19) | higher education establishment. The de-
year 2020 | 2021 [2020 [ 2021 | 2020 | 2021 [2020 | 2021 | 2021 vised models make it possible to build a
1 1001 1.00 11001 100 | 1 1 100 | 1.00 0.00 formalized model of informatiqn space
2 095 095 | 1.00| 100 | 1 | 1 | 1.00]| 1.00 0.00 and a conceptual scheme of the interac-
3 062 1053 1055 1 053 | 05 o o6 | 057 0.33 tion of scientific activity subjects.. .T.he
developed models open up the possibility

4 0.19 | 0.16 | 0.02 | 0.01 0 0 0.11 | 0.14 0.12 . .
of further research into the qualitative
5 029] 011 [002] 002 | 0 0 |oit) 014 0.05 formation of information spaces of scien-
7 010 | 0.11 ] 012 042 | 05 1 022]029 -0.34 tific activity subjects and ensuring the
8 0.24 | 0.16 | 0.07 | 0.09 | 0.5 1 ]1022]029 -0.28 steady functioning of higher education

9 0.00 | 0.00 | 0.00 | 0.00 | 0.5 0 0.00 | 0.00 0.25 establishments.

10 0.05 | 0.00 | 0.00 | 0.00 | 0.5 0 ]0.00| 0.00 0.50 3. The stages in the formation of infor-
11 0.14 | 0.16 | 0.03 | 0.02 | © 0 |022] 014 017 mation spaces of scientific activity sub-

For subjects No. 3-5,9-11, the rate of change in the
indicators is positive. This ensures the steady development
of the collective scientific activity subject (Department of
Information Systems and Technologies), for which the rate
of change in the identifier indicators is 17.8 %. For other col-
lective scientific activity subjects, the course of calculations
is similar. Accordingly, in practice, we tested the fairness of
the hypothesis of research and the validity of formula (20).

The advantage of the proposed method is a comprehen-
sive consideration of the development of collective scientific
activity subjects in dynamics. In addition, the method shows
that not all individual scientific activity subjects evolve at
the same rate but, to ensure the steady development of a col-
lective subject, the presence of several subjects with positive
dynamics would suffice.

7. Conclusions

1. A conceptual apparatus has been devised for the meth-
od to form information spaces of scientific activity subjects,
which makes it possible to systematize information about in-
formation spaces, qualitatively describe and formalize meth-
ods of identification of subject scientific spaces, and evaluate
the productivity of scientific activity subjects. Without the
use of the reported conceptual apparatus, it was difficult to

jects have been determined. The method
includes a series of stages such as the
identification and construction of citation networks and
scientific cooperation, construction of subject-specific sci-
entific spaces, and, based on them, methods of performance
evaluation, the results of which form the components of the
information space. The fairness of the hypothesis has been
experimentally confirmed that the potential of a collective
scientific activity subject, including individual subjects,
the rate of change of identifiers of whom is positive, would
have the non-negative potential. Using an example of the
collective scientific activity subject (Department of Infor-
mation Systems and Technologies at the Taras Shevchenko
National University of Kyiv), which includes 11 individual
subjects, it has been shown that five subjects have a posi-
tive rate of change in the identifier indicators. Accordingly,
this explains the positive rate of change in the indicators
of identifiers of the collective scientific activity subject,
namely: 17.8 %.
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