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CLUSTERING OF SCIENTISTS’ PUBLICATIONS, CONSIDERING
FINDING SIMILARITIES IN ABSTRACTS AND TEXTS OF
PUBLICATIONS BASED ON N-GRAM ANALYSIS AND IDENTIFYING
POTENTIAL PROJECT GROUPS

Abstract: The article describes the solution to the problem of clustering scientists’ publi-
cations, taking into account the finding of similarities in the annotations and texts of these
publications based on n-grams of analysis and cross-references, as well as the tasks of iden-
tifying potential project groups for the implementation of research and educational projects
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based on the results of clustering. The selection of scientific partners in the world practice
is done without a comprehensive assessment of their activities. Most of the well-known in-
dexes for evaluating the research activities of scientists need to consider information about
citations fully. The methods developed in the study for evaluating the scientific activities of
scientists and universities, as well as methods for selecting scientific partners for the imple-
mentation of educational and scientific projects on a scientific basis, allow us to organize the
influential work of universities qualitatively. In the article, a probabilistic thematic model is
constructed that allows the clustering of scientists’ publications in scientific fields, considering
the citation network, which is an important step in solving the problem of identifying subject
scientific spaces. As a result of constructing the model, the problem of increasing instability of
clustering of the citation graph due to a decrease in the number of clusters has been solved.
The main objective of this work is to address the challenge of selecting suitable partners for
collaboration in scientific and educational projects. To achieve this, a method for choosing
project executors has been developed, which employs fuzzy logical inference to harmonize
expert opinions regarding candidate requirements. This approach helps facilitate the mul-
ti-criteria selection of potential partners for scientific and educational projects. In addition
to the method, various software modules have been created as part of this research. These
modules are designed for the automated collection of information on the publications and
citation records of scientists through international scientometric databases. They also encom-
pass a visualization module and a user interface that aids in evaluating the scientific activities
of university teaching staff. Choosing partners for grants or strategic collaborations, especially
in the context of a globalized and highly mobile scientific community, remains a pertinent is-
sue. The approach described in this research involves clustering the scientific publications of
potential project partners. Furthermore, it incorporates conducting comparative citation anal-
yses of these publications and establishing proximity based on n-gram annotation analysis.
These methods provide a scientific basis for making informed choices when selecting partners,
which is crucial for initiating and advancing research projects. Consequently, the selection of
partners for forming research project teams is an immediate and pressing task.

Keywords: scientometry; search for scientific partners; scientific collaboration; clustering of
publications; n-gram analysis; determination of research directions.

Introduction

The ongoing progress of a country’s scientific landscape plays a pivotal role in enhancing
its prestige, driving economic growth, and fostering innovation across various realms of hu-
man endeavor. In recent decades, researchers have dedicated themselves to a crucial mission:
devising mechanisms for adeptly managing the evolution of the scientific landscape. This
involves drawing in private entities, securing financial backing from governmental bodies at
different tiers, and fostering international collaboration through specific scientific and educa-
tional initiatives like Horizon 2020 and Erasmus+. Consequently, a vital objective for both the
state and private enterprises keen on advancing high-tech technologies and engaging foreign
partners is the establishment of effective criteria for evaluating the outcomes of research
endeavors undertaken by scientists, higher education institutions, and their respective units.

In order to modernize the social development of the Republic of Kazakhstan in the context
of global globalization processes, it is imperative to increase the level of research and edu-
cation in general consistently. The successful solution of Kazakhstan’s problems on its inte-
gration into the world economy is only possible with highly qualified specialists. The changes
necessary for this in the education system of Kazakhstan consist of organizational, technolog-
ical, and functional improvements that will allow us to reach the level of leading European
educational institutions.



96 Scientific Journal of Astana IT University
ISSN (P): 2707-9031 ISSN (E): 2707-904X
VOLUME 16, NOVEMBER 2023

International experience shows that the development and implementation of national sys-
tems for evaluating the performance of a university has a positive effect on the effectiveness
of its functioning. The existing system of evaluating the performance of universities by the
central education authorities does not aim for the university to introduce new principles and
mechanisms for achieving and continuously improving the quality of scientific and education-
al activities but only fixes specific and not always reliable indicators without analyzing the
possible reasons that contributed to their formation. The selection of scientific partners in the
world practice is done without a comprehensive assessment of their activities. Most of the
well-known indexes for evaluating the research activities of scientists need to take into ac-
count information about citations fully. The methods developed in the study for evaluating the
scientific activities of scientists and universities and methods for selecting scientific partners
to implement educational and scientific projects on a scientific basis allow us to organize the
influential work of universities qualitatively.

Evaluating the outcomes of research activities serves the purpose of verifying whether the
research process aligns with the initially defined goals and allows for adjustments if need-
ed. Scientific publications stand as a key component in assessing research work, with their
significance often gauged by the extent to which their results are utilized in other research
endeavors.

The holistic evaluation of research can rely on subjective judgments from scientists them-
selves. However, widely accepted criteria for appraising the outcomes of scientific research
involve the citation indicators of publications, typically represented as scalar values. While
this approach offers several advantages, it is not without drawbacks. These include potential
data loss and instances where the parameter fails to change with an increase in citations and
publications. Consequently, there is a need to develop new methods or modify existing ones
to evaluate the results of scientific research activities, addressing these limitations. In contem-
porary settings, the challenge of enhancing the efficiency of scientific research and fostering
practical collaboration within scientific communities has become increasingly pressing. The
creation of teams that can implement projects successfully is of particular importance for pro-
ject-oriented organizations. To form the team for a research project, a typical approach is to
select partners from among scientists who have the appropriate qualifications and experience
in implementing such projects.

Selecting partners for scientific research projects, especially in the context of globalization
and increased mobility of scientific communities, is crucial. One effective approach to address
this challenge involves clustering the scientific publications of potential project partners.
Additionally, conducting a comparative citation analysis and establishing proximity between
these publications through n-gram annotation analysis is essential for making informed and
rational choices. These methods provide scientific validation for partner selection, laying the
foundation for the creation and advancement of research projects in the future. Therefore, the
process of choosing partners for research projects is a timely and important undertaking.

Overview of publications in this field

A crucial metric for assessing the performance of higher education institutions involves the
quantity of scientific publications authored by university staff and indexed in scientometric da-
tabases, along with citation indicators reflecting the impact of a university’s scientific publica-
tions and their qualitative aspects. Classical citation indices, such as the h-index and g-index,
are commonly employed to calculate these indicators, as discussed in [1, 2].

The transition from qualitative assessments to quantitative ones is explored in [3, 4], but
this shift is not without drawbacks, particularly the reliance on expert assessments, intro-
ducing a subjective element into the evaluation process. In [5], the ideal point method is
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employed to address adaptive selection problems. While [6, 7] delve into expert methods for
evaluating research activities, they may not comprehensively cover crucial components such
as the citation of scientists’ publications in scientometric databases. In [8], a model for evalu-
ating the activities of higher education institutions is considered, which allows for a transition
from university assessments to forecasting the prospects for their development in the future.
The paper [9] describes a method for predicting the potential of research directions at univer-
sities. Indeed, a comprehensive assessment of a higher education institution’s potential neces-
sitates considering its multifaceted activities, including scientific, educational, international,
innovative, and various other dimensions. The evaluation process should encompass a holistic
view that takes into account the institution’s diverse contributions and impact across different
domains. This ensures a more accurate and nuanced understanding of the institution’s overall
potential and effectiveness in fulfilling its mission.

One of the components of the evaluation of the activities of universities around the world
is the determination of a generalized indicator of the quality and results of scientific research
of an individual scientist, department, faculty, and university. In the modern world of informa-
tion technology, many publications that are available in the web space allow you to assess
the scientific level of research. However, the lack of uniform requirements and standards for
the placement and management of scientific works creates natural obstacles to the qualita-
tive assessment of the results of the activities of scientometric subjects. Solving this problem
requires [10]:

1. Definition of the leading entities of the subjects of scientometry and the links between
them;

2. Creating an appropriate degree of formalization of the management processes of scien-
tific publications at different stages of their processing;

3. Establishing a worldwide database encompassing scientists, scientific publications, jour-
nals, and institutions with the aim of assessing citation ratings and gauging the popularity of
these entities.

The evaluation of scientists’ research activities often involves assessing the citation indica-
tors of their published works. In [2, 11], there is a comprehensive exploration of scientometric
databases and methods for acquiring prominent citation indicators. Among these, the Hirsch
index remains the most prevalent bibliometric indicator to date, as detailed in [1]. The Hirsch
index is determined by the number of articles (h) a scientist has published, each of which must
be cited at least h times.

In [12], an alternative index, the g-index, is proposed. This index is represented by a value
(g) corresponding to the number of articles cited at least g*2 times in total. However, [13, 14]
points out fundamental drawbacks of both the h- and g-indexes, notably the loss of informa-
tion regarding the citation of an author’s most popular publications. To address these limita-
tions, the e-index is suggested as a remedy in [13, 14].

The primary drawback is that each of the mentioned indexes lacks some citation informa-
tion:

- The h-index disregards information beyond the Hirsch core (h-core): publications cited
fewer than h times and citations exceeding h times are not considered.

- The g-index omits information beyond the g-core, depending on the citation ratio and the
author’s number of publications.

- the e-index loses information about the citation of publications when cited less than h
times.

-the 1-10 index loses information about the publication when cited less than 10 times.
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Figure 1. Graphical representation of scientometric index cores

One of the drawbacks associated with well-known citation calculation indices, such as the
Hirsch index, the 1-10 index, and the g-index, is the existence of limiting cases where these
parameters fail to change their values despite an increase in the number of citations and pub-
lications. To illustrate this, consider a scenario where a scientist has published fundamental
research papers in a specific field, and these publications have become widely influential, with
multiple citations each. If the number of these citations, denoted as “di; exceeds a certain
threshold (n), traditional bibliometric indexes would become saturated at n’ In such cases, the
traditional bibliometric indexes might inaccurately suggest that the scientist’s research is nei-
ther very successful nor significant. This inadequacy highlights the need for new methods that
can accurately reflect the progress of research as new publications emerge, get cited, and thus
ensure that the evaluation of research results remains meaningful. It’s essential for these new
methods to address and rectify this limitation seen in traditional citation indices.

Formulation and description of problems of clustering of scientists’ publications, taking
into account finding similarities in the annotations and texts of these publications based on
n-gram analysis and cross-references.

In [16], the concept of identifying the research directions of scientists is described as the
process of linking a particular scientist to the scientific domains in which they operate and
publish their research papers.

In [16], a method for identifying research directions of scientists was proposed, consisting
of four stages:

1. Clustering of the citation graph of publications.

2. Consolidation of clusters.

3. Building correspondence between clusters of publications.

4. |dentification of research directions of scientists.
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The process begins with considering a set of publications denoted as P={p1,p2,...,pm}.
These publications serve as vertices in a citation graph, and connections between them are
represented by citation arcs. The clustering procedure is then applied to group these scientific
publications into distinct clusters, resulting in the formation of a set of clusters denoted as
Y. Given that the size of the set Y can be substantial, there arises a need to enhance the con-
structed clusters by merging those that are in close proximity and have a small number of el-
ements. The distance between publications is determined based on the meaningful proximity
of annotations by content, as proposed in the method outlined in reference [16]. This method
utilizes locally sensitive hashing to compute distances between annotations. The approach
yields satisfactory results, particularly when comparing annotations created by scientists with-
in the same region.

It's important to note that the cultural, regional, and linguistic traditions of authors signifi-
cantly influence writing styles and the use of specific words and phrases. While the proposed
method works well for comparing annotations from scientists in the same region, disparities
arise when comparing annotations from scientists in different countries. In such cases, the
distance between publications with a shared research subject may be considerable. Therefore,
alternative methods are necessary to determine the distance between texts when comparing
annotations from diverse cultural and regional backgrounds. A universal method for calculat-
ing the distance between publications involves assessing the similarity of their annotations.
Let each article pi be associated with a preprocessed textual representation of its annotation
S;, i = 1,m. The abstracts are processed to represent a sequence of words in a standardized
form after removing stop words [17]. Formulas in the instructions are represented in their tex-
tual form using TeX [18]. The distance between publications is then defined as the similarity
degree of their annotations, i.e., g(p_,p,)=H(S_, S ), where Sc and St are the annotations of
publications po and pt, o € {1,2,...,m}, 7 € {1,2, ..., m}, g is the distance function between
publications, and H is the similarity degree of annotations.

To determine the similarity degree H, n-gram analysis approaches are proposed. The anno-
tations’text, S_and S, are treated as sequences of n-grams, and the task is to find the distance
between annotations by comparing these n-grams.

Let’s consider an annotation S, which is a text fragment composed of words. Let A be a se-
quence of characters from a finite alphabet. The authors denote the words as Wnﬁ, Wnﬂ ES,neN
-represents the ordinal number of the word, and B is the length of the word. An arbitrary word
can be expressed as:

WP ={ty, ty .., t}, (1)

Where t; € 4,t; € C,j = 1,5, C - all non-letter characters.
Let’s establish a set of stop words and create sequences of annotation words S in a canon-
icalized form, that is,

S = {M/l[ﬁ, M/Zﬁz' - Wuﬁu}o (2)

where Bj, j = 1,u - word lengths, and u is the number of words.

Let us call an n-gram sequence of words in the canonized form {W W, W, ). IfWa
and Wb represent certain words, the frequency of an n-gram C(W W _,....W W } can be
defined as the ratio of the number of occurrences of that n-gram in a specific text to the total
number of n-grams in the text. For each pair of words W_and W, the average frequency of
n-grams starting and ending with the respective words can be calculated using the formula:

IREEERS)
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- The degree of similarity of words, after canonization, in canonized form, which occur in
the annotation is determined as:

. (W, W,)C2
C(W,)C(W,)min{C(W,),C(W,)}
min{C(W,),C(W,)} it

R(W,, W,) > 1
—21n
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In1.01
. _ . < z
sim(W,_,W,) o I {C(W_),C(W,)} if w(W,. W) <1 (3)

" max

0 it (W, W,)=0

where C__ is the maximum frequency of a word, i.e. Cmaxl ,the method for determining
the S|m|lar|ty between words is described in more detail [19] ax

Next, to find the similarity of publication annotations, the “text similarity model” based
on “one-to-one mapping” is applied [20]. Let us consider this method in more detail. Let
Sy = {W,Wy, .., W, . }and S, = {Wl,Wz, ...,Wuz} the annotations of the two publications are
in canonical form,and ul and u2 are the number of words in S1 and S2, respectively. Without
limiting the generality, the authors assume that ul <u2, then all the matches of words in the
same places are removed from the annotations, that is, such that Wi=wii = 1_u1 Let the num-
ber of such matches be equal to 9, then if d<ul then after extracting the matches the authors
get S; = (Wi, Wa, ..., Wy, —s}and S, = {wy,wy, ..., wy,_s}. For the obtained sequences of words,
a matrix of semantic similarity is constructed.

- s s (4)

( aq1 al(uZ—S) ) Sim(Wl, Wl) Sim(Wl, Wu1—8)
sim(Wy,_s,w1) - sim(W,,_o,wy, )

Au_)1 " A(uy_g)(uz-s)

For every row in this matrix, a set of elements Ai whose value exceeds the sum of the mean
and the standard deviation for that particular row are identified.

Ai = {aijJ i = 1;u1; ] = 1;u2|aij > Ml' + O'i,} (5)

2
where M; = —Zuz Lo, whileo; = [— u2 Pag; — M)~
j j

Denote the mean of the elements in the set Ai as A;.To determine the similarity of annota-
tions, the formula is utilized: (5)

(2}21_614_#5)(”2 +uy)

2u1u2

H(S4,S:) = (6)
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In the second phase, clusters that are deemed sufficiently close are merged using the dis-
tance function between publications. This involves determining the center of gravity for each
cluster and combining clusters whose distance between the centers of gravity does not exceed
a specified threshold value.

During the third phase, each cluster is allocated a distinct scientific research focus. To en-
sure alignment, an expert-driven methodology is employed. This involves making decisions
based on the compilation of cluster publications and supplementary details, such as keywords
and frequently employed concepts.

In the fourth stage, the authors utilize information about scientists’ publication activi-
ties, considering the established clusters of scientific directions to which these publications
pertain. Solving the problem of identifying the research directions of scientists in the set
A={al,a2,...,an}, where n is the number of scientists, involves a mapping function A:A—V
where V={ni, n2, ..., My} is a set of verbal names representing research directions,and v is the
number of research directions. The outcomes of this process assist in determining scientists
engaged in specific research areas. The discerned areas of scientific research serve as input
information for experts forming the project team, taking into account each potential partner’s
experience in various research directions. The clustering results offer essential insights for
addressing partner selection issues, such as employing fuzzy inference.

Identifying potential project groups for implementing research and educational projects
based on clustering results.

Let’s consider the project in its planning stage after completing the steps of defining the
project environment and formulating its objectives. Internal and external factors have been
identified, and the project’s goals and tasks are clearly outlined. At this juncture, the project is
perceived as a series of distinct processes, each dedicated to addressing specific tasks within
the overall project framework. The execution of each process necessitates resources, with task
performers being a crucial resource among them.

Let’s delve deeper into the task of selecting project performers. For simplicity, it is assumed
that one performer is assigned to each process from initiation to completion. To streamline
the process, the task of selecting project executors into the subtask of choosing precisely one
executor for each process is broken down. During the environment determination stage, a
set of potential candidates A= {al,a2,...,an} was identified, where n represents the number
of potential executors (hereafter referred to as candidates). Each candidate can be evaluated
based on criteria cl, ¢2, ..., ck, where k is the number of criteria for evaluating candidates.
The objective is to develop a method for evaluating and selecting a suitable performer from
the candidate pool, considering various criteria. Furthermore, the method’s outcome could be
either a single optimal performer a* or an ordered set of performers {a*1, a*2, ..., a*n}. The
latter approach offers several advantages. In case the most optimal candidate is unable to par-
ticipate due to unforeseen external factors, the next candidate in line can seamlessly step in.

To assess candidates, one approach is employing multi-criteria group expert evaluation.
Utilizing a fuzzy inference system (FIS) is recommended for obtaining generalized aggregated
estimates of applicants. The fuzzy inference process involves mapping the vector of input data
estimates to an initial scalar value using fuzzy rules.

Fuzzy logical inference involves the following sequential steps:

1. Fuzzification: This initial step relies on linguistic variables and their associated linguistic
terms. The primary procedure involves determining the degree of membership of the input
value to each linguistic variable.

In the context of the obtained solution, the identification of scientists’ research directions can
be considered as a discrete fuzzy mapping. The membership function is determined by the ratio
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of the number of publications by the author in a specific scientific direction to the total num-
ber of publications. Mathematically, it can be expressed as A(a;) = (L), b = 1,¢,i = 1,7,
where b is in the range of 1 to y (representing different research directions), and i ranges from
1 to n (representing individual scientists). The membership is determined by the formula (6).

i _ lIlP(a)nypll
Ho = Tpapl )
where P(a) is the set of all publications of the ai scientist, and Yb is a cluster of publica-
tions corresponding to the direction of scientific research nb.

2. Logical Inference Mechanism: This step involves the application of fuzzy rules that spec-
ify how input fuzzy sets are mapped to the output fuzzy set. These rules are derived from rele-
vant expert assessments. There are various methods for fuzzy inference, such as the Mamdani,
Sugeno, and Larsen approaches.

Fuzzy rules are formulated in the format: “If a candidate possesses competence nb with a
degree of membership ub, then they meet the project requirements with a degree of mem-
bership a.” These rules help evaluate the suitability of candidates for a specific position based
on their competencies. Let’s consider an example rule: “If the candidate is knowledgeable in
project management methods, then they are exceptionally suitable for the position.” In this
example, competence in project management methods (nb) represents the candidate’s skills,
and “exceptional” is a qualitative assessment. To transform these qualitative assessments into
quantitative values represented by membership functions, a specific scale is employed.

The method for translating qualitative expert assessments into membership functions, as
described in reference [16], is used to establish this scale. This scale provides a systematic way
to transition from qualitative assessments to quantitative degrees of membership. An example
of such a scale can be found in Table 1, where different qualitative assessments are mapped
to corresponding degrees of membership (e.g., “Poor” corresponds to a degree of membership
of 0.1, “Excellent” corresponds to a degree of membership of 0.9). This scale helps standardize
the assessment process and ensures that the qualitative evaluations are converted into quan-
tifiable values suitable for fuzzy logic-based evaluations and decision-making.

Table 1 - Scale for verbal assessment of the statement

Ne Verbal qualitative assessment The value of the membership function
1 Great 0,9
2 | Well 0,75
3 Satisfactory 0,6
4 Unsatisfactory 0,35

The fuzzy inference procedure involves aggregating all rules. In the Fuzzy Inference System
(FIS), the process of fuzzy logical inference consists of determining the degrees of fulfillment
for each rule based on the degree of truth of its premise, using the composition o=min{ps}. In
the Mamdani FIS, the minimum operator is employed, while the Larsen FIS system is based on
the product operator.

Defuzzification is the process of converting a fuzzy value into a crisp, clear value. The most
commonly used method for defuzzification is the center of gravity method of a fuzzy set.

Defasification occurs using the formula for finding the center of mass
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f maxf

Xmin

xu(x)dx

, (8)
w(x)dx

xmax/
fxml

where x is a fuzzy quantity, and p (x) is a function of its membership. Since the authors are
dealing with a discrete quantity, the Stiltjes integral should be understood as a sum, that is,
defasification occurs according to formula 9.

Zb 1 a l'lb
0 1
Zb=1 .u'b

The selection of the project executor involves identifying a scientist whose defuzzification
value is maximized. An ordered set of performers is then constructed from scientists in de-
scending order of their defuzzification values.

(%)

Conclusions and prospects for further research.

The task of selecting potential partners for cooperation in scientific and educational pro-
jects is formulated. A method of selecting project executors is constructed, the essence of
which is using fuzzy logical inference to coordinate expert opinions on the requirements for
candidates.

The multi-criteria task of selecting potential partners for cooperation in scientific and edu-
cational projects has been solved.

In the future, an information technology for forming multi-university scientific and educa-
tional communities based on the theory of scientometric analysis will be developed, as well as
an information system and an experimental software package that implements it.
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