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MODEL FOR ASSESSING THE INFLUENCE OF SCIENTISTS BASED ON THE
GLOBAL CITATION NETWORK AND THE HISTORY OF SCIENTIFIC RESULTS

Abstract. The research considers the actual task of developing a model for evaluating the influence of
scientists, taking into account the dynamics of changes in publishing activity. The paper formalizes the
concept of the scientist's information environment, particularly the scientist's influence and the subject
space. It shows the connection of the information space with choosing scientific partners. The concepts of
the dynamic information space of a scientist and the subject scientific environment of a scientist are also
introduced. It is established that they are accumulative in nature. As a result, a model for evaluating the
influence of scientists based on the global citation network was developed, considering the age of
scientific results. The introduction of the aging factor of the publication allows for increasing the
sensitivity of the method for evaluating the influence of scientists. The developed model makes it possible
to improve the cooperation of scientific teams, which is the basis of the analysis of their productivity.
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. included in the relevant subject scientific spaces, it is
Introduction : s L
necessary to evaluate their productivity. In addition, one
Significant changes have occurred in the needs to predict future performance changes based on

geography of science and scientific cooperation in
recent decades. Scientific networks or networks of
scientific cooperation, which previously functioned
locally within universities and scientific institutes and
spread over one or several countries and were more
static, now cover almost the entire world. The speed of
creating new information and using tools for creating
network cooperation among scientists contribute to the
dynamic development and diversification of scientific
networks.

The development of a scientist in a specific
scientific direction does not occur in isolation from the
development of other scientists in this direction.
Scientists publish scientific publications, cite each other,
and are co-authors of some studies; they collaborate
scientifically. At a specific moment of scientific
activity, a scientist develops in the university
educational and scientific space within the scientific
subject space. At the same time, its information
environment is formed. A scientist is a specialist in
some field or several fields of science, who uses
scientific methods in his own or collective research,
develops in his information environment, and, together
with his part, belongs to the relevant subject scientific
space and the scientific space of a higher education
institution or a scientific institution with which he is
affiliated.

As shown in the study [1], to determine the
advantages of subjects of scientific activity, which are

retrospective data for a given subject.

There are numerous models for selecting research
partners. Partnership relations and principles of their
management were studied in the work [2]. A multi-stage
mathematical model of partner selection is described in
[3]. In [4], it is proposed to use the analytical hierarchy
method to select the best partners from a small set of
potential partners.

Common to these studies is that the quantitative
characteristics of publications influence the choice of
scientific projects. Such classic indicators as Hirsch are
still popular indices [5]. The probability of cooperation
is higher among those with an average H-index.
However, the emergence of the PageRank method [6]
offered new opportunities for evaluating the scientific
productivity and reputation of collective subjects. The
application of the PageRank method for calculating the
performance assessment of a collective of subjects of
scientific activity is described in detail in [7].

The study [8] shows that an essential tool for
evaluating the dynamics of scientific productivity is
considering the intensity of citations. Known
scientometric methods need to be sufficiently developed
in evaluating the influence of scientists according to the
global citation network, taking into account the age of
scientific results. Therefore, developing a model for
evaluating the influence of scientists, which would
consider the dynamics of changes in publishing activity,
is an urgent task.
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The purpose of the article

Therefore, this study aims to develop a model for
evaluating the influence of scientists based on the global
citation network, taking into account the age of
scientific results.

To achieve the goal of the research, it is necessary
to solve the following problems:

1. Formalize the basic concepts of the scientist's
information environment;

2. To develop a dynamic model for evaluating the
influence of scientists based on the analysis of the
change in the citation network of his publications.

Presenting main materials

The information environment of a scientist
includes identifiers that determine his scientific activity
at specific points in time, that is, scientific publications,
their citations, participation in scientific and educational
projects, etc. The information environment of a scientist

accumulates information about his entire scientific
activity.
The wuniversity scientific space consists of

scientists affiliated with the relevant university. The
results of the scientist's scientific activity influence the
development of the university's scientific space and the
university’s overall rating.

The influence of a scientist is a quantitative
indicator that determines the assessment of a scientist's
scientific activity and productivity during a certain
period of time. This quantitative indicator determines
the impact of the scientific results of a scientist in the
relevant subject scientific space in comparison with
other scientists who belong to this space.

The project space includes influential scientists in
the relevant scientific subject spaces and university
scientific spaces formed according to the structure,
topic, and goals of scientific or educational projects.
There is no mention of possible subcontracting contracts
that can be included in the project application for the
performance of additional tasks by third-party
organizations or employees in this task. That is, we will
consider only potential project executors who work in
institutions of higher education or scientific institutions
and are offered to perform scientific tasks within the
limits of the corresponding project.

The information space can be expanded by
including other components of the scientist's scientific
activity in the tuple. That is, the characteristic of
extensibility is fulfilled for it. But for choosing a
potential partner-executor of scientific projects, only
these components are sufficient. However, to solve the
problem of choosing partners for scientific cooperation
and organizing scientific projects, it is essential to study
the changes in the subject scientific environment of a
scientist over time, as well as to understand how the

intensity of citations of a scientist's scientific
publications (i.e., his influence) changes over time. This
is necessary so that when deciding to include a scientist
in the project, there is a good picture of his scientific
activity during a certain period in a specific scientific
direction.

Let

T=(T.T,..... Ty, Ty) -
Are points in time in which the scientific results of
scientists are recorded; for example, the end of each
calendar year T is the last point in time in which the

results of scientific activity are recorded.

The information space of each scientist Vj should

jZH depend on time. Accordingly, it can be

transformed into the form of a tuple, the components of
which are discrete time series that reflects the change in
indicators of the scientist's scientific activity over time, i.e.

I(VJ"Tk) = <{p{"’k}i=1 ’{ai’/k}izl ’{éi”k}iﬂ ’Oj’k>’

where p{;k are scientific publications published by the
scientist v, and recorded at the time Ty, I - the number
of all scientific publications published by the scientist
v;at the time Ty, k = I,_N,

~ k)5
{Cw} is the sequence of sets of

w=1

publications in which publications p’, of a scientist are

cited Vi, W= l,rj at the moment of time T

\_/.’k l‘i .
{Civ} .18 the sequence of sets of
w=

publications that cite the publications p!, of the scientist

v, W= l,rj , at the moment of time Tx, kK =1,N,

ik e .
O is the scientific environment of the
scientist V jat the moment of time Ty, k =1,N.

It should be noted that the scientist's information
space and the subject scientific environment of the
scientist have an accumulative nature. Suppose the
scientist had no scientific activity before a specific
period Tg. In that case, the set of his publications and
citations will be empty, and, accordingly, the set of
scientific subject spaces will be empty. With the first
publications' appearance, these sets' accumulation will
occur. If a scientist at some stage of his activity changes
his scientific direction, then from this period, another
direction will be included in his subject scientific
environment, by which the articles will be cited. Also,
the influence of a scientist will change over time.
Moreover, this influence will be related to a particular
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state of the subject scientific environment of this scientist.
~Jk i . . i
The sets Cy and C* for the publications p’, of the

scientist v;, W =1,1; at the moment of time Tk, k=LN

form a network of citations of scientific publications. If
we consider all published scientists, the network will be
global; otherwise - local. All citations of one publication
to another can be specified as a Markov matrix defined

as
C R
_{c,(y}x’y:l ,

t
R=card[2rj} is the number of publications of
=1

scientists belonging to the citation network of scientific
publications ¢ D[O,l] - the probability of transition

from one state to another, determined by the number of
citations of one publication in others. The matrix C >0,

R -
and ZCXY =1, y=LR.
x=1

To find the influence of a scientist at the moment
of time T n, we will use the PageRank method.
However, to consider changes in influence over time,
the age of the citation must be included in the
calculation, which can affect the final score.

Let the coefficient corresponding to the weight of

pi the scientist's publication V i based on which the
rank of the publication is determined at the qth step, be
denoted by bl. At step (q=0), the coefficients for all

scientific publications are equal and are defined as

All other coefficients will be

X

1 —_
bl=—, y=LR .

R y
calculated iteratively according to the formula:

be*! = aChe + 19

E,

where E is a unit matrix, o is an attenuation coefficient
that determines the transition probability from one state
(current publication) to another (another publication).

It is possible to calculate coefficientsb? a software

approach can be applied. At the same time, we will
iteratively obtain that after performing a significant
number of iterations, the approximate values of the

coefficients will be calculated. b! To perform an

iterative calculation of the coefficients b}, you can use

the formula for [Je >0
R x-1
qtl — q q+l
bx - Zbycyx + Zby Cyxo
y=1 y=1

if |b‘j(+1 —bl| <€, then the calculation of the coefficients

bl is stopped.

After reaching the condition, |bj+1 —bj| <&we will

get a vector of coefficients
(b,,b,,....bg ),

where b, is the value of the coefficient for publication
. _— R
p. b, 0[01], z=LR, Y'b, =1.
z=1

The scientific publication pl that corresponds to the
most outstanding value b, receives the first rank. Next,

the ranks of other publications are formed in order of
decreasing coefficients b,, z=1,R.

Using the representation of the ranks of scientific
publications, it is possible to determine the ranks or
influence of scientists who are the authors of these
publications. Let the subject scientific environment of

some scientists V, include publications

P =(p.phpy ).

with ranks

G(P') =(e(pt) 2 p2) - (p1)).

where g(p‘v“v)DN is the publication rank p':, of the

scientist v, , w =11, .

Then the influence of the scientist v, will be

determined by the formula:
1
v(v,)=—D g(ph).
h w=l

where y(Vh) is the influence of the scientist v, .

We will make changes to the PageRank method to
take into account the age of scientific publications and
their belonging to the relevant subject scientific space.
For this purpose, at the beginning of the iterative
method, it is necessary to determine the initial
coefficients of scientific publications that correlate with
their age. If the publication is fresh, it receives more
weight, if it is old - less.

Publications p’" published at the time T y are not

considered, because they have yet to be cited by other
publications, so their impact will be low. We will
consider publications that were published in periods
JN-1 - __iN-2 JN-Tt

pz ) pZ EEEERE) pz
All posts that are published in periods

T, T

N-1-1> “N-1-2 >---
will have a zero coefficient;
TU — the period for calculating the weighted

coefficient corresponding to the weight of the scientific
publication.
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i
If = Zi , then the coefficients of scientific
i=l
publications that were published in the period T n.; at

. _ Ta_Tlg
step q=0 will be matched by the coefficient b, —TN_[bX-

For publications published in the period T N ., we will
.. T — -1 q . o
match the coefficient b} —?bx, etc. For a scientific

publication that was published in the period Ty _, let's

=1
match the coefficient b =1—~_[b§.

Accordingly, other coefficients will be calculated
iteratively according to the formula:

bl = aCh +1- %,
R

where E is the unit matrix, o is the extinction

coefficient, the stop condition |bf+1 —bf| <g.

The introduction of the aging factor of the
publication allows to increase the sensitivity of the
PageRank method for evaluating the influence of
scientists. As a result, by analogy with the previous
method, we will receive the rank of a scientist. We will
determine the ranks of scientific publications of a
scientist v, using the weighted PageRank method as

o OWS(—}(Ph) _ (g(p?)’g(p;),...,g(p; ))

where g(p‘;)DN is the publication rank pi; of the

scientist v, , w =11, .
Then the influence of the scientist Vi will be

determined by the formula:
- D
v(v.) —r—EZg(pW),
h w=l

where V(Vh) is the influence of the scientist v, obtained

by the weighted PageRank method.

Given that for solving the task of selecting a
scientist for the executors or partners of a scientific
project, it is important not only the productivity or
influence of a potential partner-executive in general, but
also his productivity within the limits of a specific
subject scientific space.

Let's select for each scientist set that consist of
articles belonging to each scientific subject space. The
subject scientific environment of a scientist includes
those spaces to which his scientific publications belong

and it is part of the information space of the scientist at
the moment of time T :

Oj’k :{Oi‘/\(p&k’oi): ,W :’_rj’jzl’_t}.

We will form lists of scientific publications for
each of the subject scientific areas to which his
publications belong:

Al 0,)=1w=1r,j=11,

i=lm,

pik = {pj,k

where P™* is the set of scientific publications of

1

scientists v, at the moment of time T «, belonging to the
. L "
subject scientific space O;, card (R’ ) <r.
Then the influence of a scientist v, in a specific

scientific space O, will be determined by the formulas:

2 (et

_ phkoppk
vi(v)=* card(Pf"‘) '

where Y; (Vh) is the influence of the scientist Vy
obtained by the PageRank method in the subject

scientific space O ,

> g
— (V — py 0P

v card (Pfh’k )

)

where Y, (vh) is the influence of the scientist v,
obtained by the weighted PageRank method in the

subject scientific space Oy .

Conclusions and prospects
of further research

The paper formalizes the concept of the scientist's
information environment, in particular the scientist's
influence, the subject space, and shows the connection
of the information space with the task of choosing
scientific partners.

As a result of the development of a model for
evaluating the influence of scientists according to the
global citation network, taking into account the age of
scientific results, it is possible to improve the
cooperation of scientific teams, which is the basis of the
analysis of their productivity.

Further research is possible in the part of
integrating the developed model into the general
methodology of selecting scientific partners.
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Kuiscoxuii nayionanvnuii ynieepcumem imeni Tapaca [lleguenxa, Kuig

MOJAEJIb OIHIOBAHHSA BIIVIMBOBOCTI HAYKOBIIB 3A I'NIOBAJIBHOIO MEPEXEIO HUTYBAHHS
3 YPAXYBAHHSM BIKY HAYKOBUX PE3YJIBTATIB

Anomauia. YV oocniodicenni po3enadacmovcsa akmyanoha 3a0a4a po3poonents Mooeii OYiHI08aHHs BNIUBOBOCHI] HAYKOBYIG 3
BPAXYBAHHAM OUHAMIKU 3MIHU NyOnikayiinoi akmugnocmi. Y pobomi opmanizoeano nousimms ingopmayiinozo cepedosuya
HAYKOBYSI, 30KpeMa BNIUB0BICIb HAYKOBYS, NPEOMEMHUL NPOCMIP Ma NOKA3AHO 36'130K IHGhopmayitinozo npocmopy i3 3adaueio
6ubopy Haykosux napmmuepis. Takooc 66e0eHo NOHAMMA OUHAMINHO20 IHGOPMAYIiHO20 NPOCMOPY HAYKOBYS | NPeoMemHo20
HayK08o20 cepedosuwye Haykosys. Bemanoeneno, wjo eonu maiomv nakonuuyeanvuuil xapakmep. Y pesynvmami pospobneno
MoOenb OYiHIOBAHHS GNAUBOBOCHI HAYKOBYIE 3a 2100ANLHOIO Mepedcelo YUMYBAHHS 3 YPAXYBAHHAM GIKY HAVKOBUX pe3yIbmamis.
Beeoenns roeghiyienma cmapinns nybnikayii oae 3mocy NiOSUWUMU YYMAUSICIb Memooy ONsi OYIHIOBAHHS 6NIUBOBOCTI
naykosyis. Pospobnena moodenv Oac 3mo2y nokpawumu CRi6npaylo HAyKOGUX KOAEKMUsie, Wo € OCHOB0I0 aHANi3y iX
NnPOOYKMUBHOCMI.

Knrwuogi cnosa: memoo oyinioganna HAyKoeoi dianlbHoCmi; HAYKOGUIL NPOEKNL; 3a0aua eUOOpy HAYK08020 napmuepa
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