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Abstract—The article presents the results of the first statistical analysis of an array of references (about 30 mil-
lion) from Russian research articles, reviews, conference proceedings, and monograph chapters published in
1980—2020. The references are processed (restructured and identified) to make them machine-readable and
to match them to cited publications. It is found that the content of the bibliographic description fields is not
uniform. Methods for eliminating this ambiguity are proposed. Changes in the length of reference lists over
time, the completeness of data in fields containing bibliographic descriptions of references, the dependence
of successful identification of references on the database and the time of publication of the citing publication,
and cross-identification of source publications and references are discussed.
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INTRODUCTION

Objects of bibliometrics—books, articles, journals,
and bibliographic references—have different social
natures and require different approaches. Books and
articles are definite and immediate—once published,
they do not change their properties. By contrast, arti-
cles are linked to the journal in which they are pub-
lished, and a journal is a living organism that can
change its scope, periodicity, or title; it can be divided
into separate series; or it can even be entirely discon-
tinued. Citation indexes divide journals into topic cat-
egories, assigning the corresponding index to all arti-
cles of a given journal. However, most researchers
neglect to consider the fact that in reality articles on
the same topic may be dispersed across journals of dif-
ferent scopes, which means that journals publish arti-
cles on topics other than the journal’s category, while
most of the articles on the topic corresponding to that
category end up in journals of other categories.

Bibliographic references are another matter. They
connect two publications—the publication whose ref-
erence list it is from, i.e., the citing (source) publica-
tion, and the publication whose bibliographic descrip-
tion it contains, i.e., the cited publication. These ref-
erences can be found in both journals of the same title
and journals with completely different titles that are

indexed in different categories. The citing articles,
reviews, reports, and book chapters (sources of refer-
ences) are dynamic: their number, as well as the num-
ber of journals, conference materials, and books,
increases every year. The same reference, i.e., a bib-
liographic description that represents a publication,
often appears in journals of different scopes (in phys-
ics, chemistry, or biology) that citation indexes assign
to different categories or do not index at all. When
authors of articles cite an article by another author,
they may not be familiar with that other author and
may not be aware of their possible connections with
other authors and with the authors of other articles in
the scientific citation network via various relation-
ships, such as bibliographic coupling or co-citation.

Citation indexes such as the Web of Science (WoS),
Scopus, and eLibrary process hundreds of millions of
references every year and give researchers access to
their published data. This study presents the first, to
our knowledge, analysis of an array of about 30 million
references from citing (source) publications by Rus-
sian authors published in 1980—2020 registered in the
Web of Science Core Collection (WoS CC). The index
makes references data available for research use. The
citation reference (CR) field of WoS CC contains
truncated bibliographic descriptions as provided by
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the citing authors; they have not been substantially
processed or used by anyone before this study. A refer-
ence in the CR field usually contains the last name and
initials of the first author, the title of the journal (con-
ference, book), the publication year, the volume or
issue of the journal, the beginning page number, and
the DOI (Digital Object Identifier) of the cited publi-
cation. Unfortunately, this field does not include the
title of the referenced article (review, report, chapter)
itself, and the title of the journal (conference, book) is
usually given in an abbreviated and/or truncated form,
and sometimes just as an abbreviation. Variants of the
full name of the journal and its abbreviations often do
not have a uniform, standard version.

So far, we have only processed bibliographic
descriptions of citing (source) publications, the num-
ber of which is naturally smaller compared to cited
publications, as they are only available in journals
indexed in the Web of Science Core Collection, whereas
cited articles do not have this limitation. This informa-
tion was used to identify authors that reference
research literature in Russian and the context of these
references. We hope that the new array of references
will allow us to study what Russian authors reference
and in what context they do it, as well as how they use
Russian and foreign scientific achievements. Enabling
this required processing the array, which involved two
operations: restructuring and identification. The first
converts the texts of references into data in formats
required for search and comparison procedures, the
second eliminates different spellings of the same refer-
ents and establishes uniqueness (identity) of references
to the same publications (articles, reviews, reports,
book chapters).

SOURCE DATA. CITING PUBLICATIONS—
SOURCES OF REFERENCES

The source data for this study was taken from the
following seven databases of the international citation
index WoS: the Science Citation Index-Expanded
(SCI-E), the Social Science Citation Index (SSCI),
the Art & Humanity Citation Index (A&HCI), the
Book Citation Index-Science (BKCI-S), the Book
Citation Index-Social Sciences & Humanities (BKCI-
SSH), the Conference Proceedings Citation Index-Sci-
ence (CPCI-S), and the Conference Proceedings Cita-
tion Index-Social Science & Humanities (CPCI-SSH).
The most detailed analysis was performed on the data
from the first three databases, the SCI-E, the SSCI,
and the A&HCI. These databases were chosen as the
focus of the study for the following reasons: first, each
of them represents the corresponding academic field:
the SCI-E database represents journals on the natural,
exact, and applied sciences, the SSCI database fea-
tures those on the social sciences, and the A&HCI
database contains those on the arts and humanities;
second, these three databases generally contain jour-
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nal articles with the most substantiated scientific
results.

The actual source data were articles, reviews, and
non-journal publications—conference reports, book
chapters—and bibliographic references contained in
them.

When in 1962 E. Garfield first began publishing the
SCI on thin paper, it consisted of two volumes: a volu-
minous index of references (the Citation Index) and a
thin index of sources (Source Index), which were the
only sources of references at the time, as the SCI was
published monthly with quarterly, semi-annual, and
annual cumulative publications, and due to the time
lag, it could not contain any other references, as data-
bases were not yet available to users [1]. The situation
is different now, but for the sake of tradition we con-
tinue to refer to citing articles as sources. The consid-
ered citing (source) publications shall include Russian
articles registered in at least one of the above seven
WoS databases. The articles will be represented by
their bibliographic descriptions and/or DOIs. These
attributes should not be confused with bibliographic
descriptions and often DOIs as well that represent ref-
erences. Additional attributes of source publications
may also include other metadata related to these pub-
lications, in particular:

* the DOI number;

* the identifiers assigned to publications registered
in WoS, recorded in the UT (universally traceable
identifier) field;

 the affiliation and country of residence of the
author of the source publication, if available.

A publication is here considered Russian if at least
one of its authors listed a Russian organization as their
affiliation and/or Russia is indicated as a country of
affiliation in the corresponding WoS database. The
studied source publications from the SCI-E database
covered the period from 1993 to 2020, i.e., 28 years. In
the SSCI and the A&HCI, this period is significantly
expanded and covers 1980—2020 (41 years). However,
for the BKCI-S, BKCI-S, and CPCI-S the coverage
periods are minimal—16 years (2005—2020), for the
CPCI-SSH—31 years (1990—-2020). If the source
publication contains a non-empty reference list (the
vast majority—91.9%—of publications from the ana-
lyzed array meet this condition), then instead of the
phrase “source publication” we use the phrase “citing
publication.”

RESTRUCTURING REFERENCES: METHODS,
TECHNIQUES, AND QUALITY ASSESSMENT

As noted, articles that have been cited by Russian
source publications, i.e., included in reference lists of
these citing publications, are to be represented by their
bibliographic descriptions and/or DOIs (digital object
identifiers). Sometimes, when the meaning is clear in
context, these publications will just be called refer-
Vol. 56
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ences. As for reference lists, WoS databases store them
in the CR text field. This field contains the entire refer-
ence list of each publication, which consists of a list of
truncated bibliographic descriptions and some meta-
data of other documents referenced in this publication.

It is important to emphasize that the CR field is a
text field. Text data can be used for the purposes of bib-
liometric analysis only after their restructuring. This
restructuring is performed at the preliminary stages of
the presented study. It involved separating bibliographic
descriptions of references, as well as their DOI num-
bers, into individual elements. The separated and cor-
rected (where possible) data were stored in the appro-
priate fields of a specially created table of our working
database. The table also included two additional fields:
one for the UT (universally traceable) identifier of the
source publication (assigned to it in WoS) and one for
the publication year.

The UT identifier, together with the working iden-
tifier assigned to each reference during the study, was
used to establish the connections between references
and the corresponding citing publications in the sub-
sequent process of identification of references.

The second of the two additional fields records the
publication year of the citing publication. We have
limited the analysis to only references to cited publica-
tions published no earlier than 1700 that have under-
gone restructuring. The number of such references in
Russian source publications across all seven analyzed
WoS databases amounted to over 29 million
(29168725 out of the total 0of 29577254, i.e., including
references to before 1700).

The bibliographic descriptions of most of the refer-
ences to publications from before 1700 were found to
have incomplete elements. For example, the field
Publication Source was empty in 93.8% of these pub-
lications. Some references have other elements in the
Year Published field (beginning page, volume, etc.).
All this can significantly reduce the quality of data;
therefore, it is quite reasonable to exclude such refer-
ences from consideration. Their share is slightly over
0.01% of the total studied array of references. Thus,
the coverage period of the studied cited publications is
321 years (1700—2020). However, in many cases, to
increase the reliability of data as well as their repre-
sentability in graphs and tables, we limit the source
arrays to only references to publications from no ear-
lier than 1900.

Before proceeding to a more detailed analysis of
the array of references in Russian publications, let us
determine their total number. First we shall discuss the
methods that can be used for that purpose.

NR method (number of references). The NR field
of WoS databases records the number of references in
the reference list for each source publication. Their
sum is the total number of references.

CR method. As noted above, this field of WoS
databases contains truncated bibliographic descrip-
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tions of all referenced publications for each source
publication. Their sum is the total number of refer-
ences.

The source data for the NR and CR methods are of
different natures: the first method uses statistical data,
presumably obtained in WoS by direct, rather uncom-
plicated processing of citing publications within this
system and by its means. Meanwhile, the source data
for the CR method include the results of the restruc-
turing of this text field, which was a series of rather
complex, sometimes iterative procedures developed
and implemented outside of the WoS. Certain errors
could occur at this stage.

The question is: is the rate of such errors high and
are the data obtained as a result of the restructuring of
the CR field reliable? We shall attempt to answer these
questions by the comparing results obtained using the
CR method with results obtained using the NR
method. For these purposes, we assume that the NR
field of the WoS, which has full access to the source
data, accurately indicates the number of real refer-
ences in the reference list of each source publication.
Therefore, the coincidence rate of data obtained with
the CR method and data obtained with the NR
method can be used to assess the reliability of the per-
formed restructuring.

To do this, we first compile an array of Russian
source publications registered in the SCI-E database
and published in 1993—2020. Next, we determine the
number of references in these publications using the
CR and NR methods. The CR method counted
22674974 references, the NR method—22702091 ref-
erences, i.e., the number of references obtained with
the CR method is only 0.12% less than the number
obtained using the NR method. Thus, the above fact
that the numbers of references obtained in two differ-
ent ways are almost completely the same can be con-
sidered an indication of a high degree of reliability of
the performed restructuring.

CHANGES IN THE NUMBER
OF REFERENCES IN REFERENCE LISTS
OVER TIME

To simplify the procedure for obtaining source data
for calculating the average number of references and to
increase the reliability of these source data, we used
the NR approach. Let us denote the total number of
references in the considered array with the symbols nr;
(Number of References), where the subscript / is some
publication from the considered set of source publica-
tions 7, i € I. Let us sum the values of nr; over the
entire set / and then divide the resulting sum by the
number of source publications in set 1. As a result, we
obtain the average number of references Avr_nr; in
reference lists of source publications from set /, i.e.:
Vol. 56
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1. Number of references in reference lists of Russian citing publications in the WoS Core Collection over time.

N a more than 2.5-fold increase. The sharpest increase

an,- in the number of references for both the SCI-E and

Avr_nr, = - ) (1) the SSQI ocqurred gfter 2‘0'12 (.Fig. 1), apparently in
N, connection with the intensification of state support for

It should be emphasized once again that these val-
ues have been obtained directly from the numeric field
NR that only indicates the number of references, not
their truncated bibliographic descriptions. It follows
from Table 1 that the average number of references in
reference lists of source publications on social sciences
(the SSCI database) generally increases over time.
Over the 41-year observation period (1980—2020), the
average number of references in reference lists of pub-
lications in this academic field has increased more
than three-fold: in 1980 it was 13.7 references, and in
2020 it was 46.6 references. However, in the period
1982—1992, this indicator showed a rather significant
decrease. As for publications on arts and humanities
(the A&HCI database), that field, similarly to social
sciences, showed a decrease in the average number of
references at the beginning of the study period that
then reversed by 2000, when there was a rather unsta-
ble rise until 2016, followed by another decrease. For
the natural, exact, and applied sciences (the SCI-E
database), values were only available for the years after
1993, i.e., only for 28 years. During this period, the
average number of references per publication increased
dramatically: 16.0 (1993) compared to 40.2 (2020), i.e.,
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publication activity of researchers.

IDENTIFICATION OF BIBILOGRAPHIC
REFERENCES: APPROACHES,
METHODS, TECHNIQUES

A detailed study of the obtained arrays of references
and their corresponding citing (source) publications
requires identification of references with each other,
i.e., identification of their coincidence (identity),
meaning that they reference the same publication. Let
us clarify that the identification procedure is a looped
iterative process of comparing the spelling variant of
each attribute (bibliographic description and/or DOI
value) of this reference with all the spelling variants of
the attributes of the other references in the studied
array. In other words, all references are compared to
each other one by one. If two (or more) bibliographic
descriptions and/or DOIs coincide, these references
are assigned the same identifier and considered to be
references to the same publication.

In WoS databases, reference lists with bibliographic
descriptions of references in source publications are
stored in the CR field. Bibliographic descriptions
stored in this field have the following structure: the last
Vol. 56
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Table 2. Completeness of bibliographic description fields*

Field or set of fields of the structure o fljel;:;:r?(rzes of rse};:;zr:?etsh(ezz(zzlg;;rﬁsj %

First author 11450901 48.8
Year 23450837 100.0
Source (Journal etc.) 23423011 99.9
Volume and/or Issue 16430245 70.1
Beginning Page 17239494 73.5
Year AND Source AND Volume and/or Issue AND Beginning Page 13853616 59.1
DOI (digital object identifier) 13955210 59.5
Year AND Source AND Volume and/or Issue AND Beginning Page 10693285 45.6
AND DOI

(Year AND Source AND Volume and/or Issue AND Beginning 17115540 73.0
Page) OR DOI

*Total array of references cited by Russian publications registered in at least one of the following WoS databases: the SCI-E, the SSCI,
and the A&HCI; the citing publications were published in 1993—2020, the references—in 1700—2020, AND and OR are Boolean addi-

tion and multiplication operations.

name and initials of the first author; the publication
year of the source; the source in which the reference is
published (title of journal or book, name of confer-
ence); the volume or issue of journal; the beginning
page number. In addition, many, but unfortunately not
all, references have a digital object identifier (DOI). We
shall consider two complementary approaches to solv-
ing the problem of identifying references: the first one
uses a set of elements of the bibliographic description
of the reference and the second one relies on the DOI
of the publication.

Let us consider the capabilities of each of these
approaches. To do this, we need to select references
that meet the following conditions:

* the references are from Russian source publica-
tions from the period 1993—2020.;

+ each of these source publications is registered in
one of the three WoS databases: the SCI-E, the SSCI,
or the A&HCI;

* the referenced publications were published in the
period 1700—2020.

Note that the resulting array fully meets the repre-
sentativity requirement—it contains over 23 million
(23450837) references, which is 79.3% of the total
number (29577254).

As can be seen in Table 2, using bibliographic
descriptions for identification purposes (the first
approach) makes it possible to cover only 48.8% of the
entire array of references if the process uses data from
strictly all fields. If it is allowed to exclude the First
Author field from consideration (which somewhat
reduces the reliability of identification), the coverage
with the first approach reaches 59.1%. As for the second
approach (using only DOI numbers), it can identify
59.5% of references (Fig. 1). Naturally, the share of ref-

AUTOMATIC DOCUMENTATION AND MATHEMATICAL LINGUISTICS

erences with a filled DOI field increases with time from
past to present. However, even some references pub-
lished a hundred years ago or earlier have DOls.

The maximum possible coverage of references is
achieved by joint application of the two approaches: in
this way, almost three quarters of the array of refer-
ences—73.0%—can be identified (see the last line of
Table 2). This combined approach was therefore
adopted for the study. As a result of the identification
of the general array of more than 29 million
(29577254) references for a subarray of 20.1 million
(specifically 20 133453) references, at least one identi-
cal reference to a cited publication was found for each
reference (let us call this subarray of 20.1 million refer-
ences the core subarray). Thus, the share of the core
subarray in the total array is 68.1%, and the number of
unique (excluding repeated) references in the core
subarray turned out to be only slightly over 3.3 million
(3310859). We believe that these data indicate a fairly
high degree of identification in general.

Considering the results of the identification proce-
dure in more detail reveals a number of trends. As a
rule, earlier publication years of citing publications
correlate with lower the degree of identification of ref-
erences, i.e., publications that these citing publica-
tions reference (Table 3). Possible explanations are the
following: first, DOIs have only been used since 2000.
Consequently, publications published before 2000
could only receive these identifiers retroactively, which
was not always done. Moreover, the practice of assign-
ing DOIs did not spread immediately after the intro-
duction of the identifier: it took time for it to reach to
an increasingly wide range of editorial offices and
publishers. Second, our preliminary analysis showed
that earlier publication years correlate to less standard-
ized bibliographic descriptions.

Vol. 56
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Fig. 2. Dependence of the number of references with DOIs in Russian citing publications on publication time within the 1993—

2020 period and in the WoS database.

It can also be seen from Table 3 and Figure 2 that
the achievable degree of identification of references is
different across different WoS databases. Thus, the
share of the core subarray in the array of SCI-E refer-
ences is significantly higher (74.3%) than that for the
SSCI (55.9%) and more than four times higher than
for the A&HCI (16.9%). The share of references with
a DOI is the highest in the SCI-E—60.5%, followed
by the SSCI—48.9%, and then the A&HCI, very far
behind—9.4%. The situation is similar in terms of
completeness of the four bibliographic description
fields (Source, Year Published, Volume or Issue,
Beginning Page): 60.1, 45.3, and 14.6%, respectively.
Obviously, the nature and traditions of citation in a
particular academic field can significantly impact the
share of core subarrays. Nevertheless, the provided

data on the share of publications with DOIs and com-
pleteness of bibliographic description fields largely
explain the differences in the share of core subarrays
for different academic fields.

DISTRIBUTION OF REFERENCES
ACROSS THEIR PUBLICATION YEARS

The data obtained after the restructuring of the CR
field can be used, in particular, to construct distribu-
tions of references across their publication years. Such
distributions are more meaningful and correct for
shorter time periods of publication of the citing publi-
cations containing the analyzed references. In this
case, along with the requirement of topic homogeneity
(topic closedness, according to the terminology pro-

Table 3. Dependence of the degree of identification of references on the Wo.S database and the time of publication of citing

publications
Over the entire period 1993—1999 2000—2006 2007-2013 2014-2020
WoS (1993—2020)
database all core all core all core all core all core
references [subarray, %| references |subarray, %| references [subarray, %| references |subarray, %| references [subarray, %
SCI-E 22405680 74.3 3379105 66.9 4088312 70.3 5170891 68.8 9767372 81.4
SSCI 748798 55.9 60257 28.4 88869 37.4 119228 46.2 480444 65.1
A&HCI 296359 16.9 31280 10.5 21807 12.9 57419 16.2 185853 18.7
AUTOMATIC DOCUMENTATION AND MATHEMATICAL LINGUISTICS Vol.56 No.4 2022
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Fig. 3. Distribution of references from Russian source publications from journals published in 2019 across publication years of the
cited publications from journals published in 1900—2019 excluding publications registered in several WoS databases at once.

posed in [2, 3]), another important requirement con-
cerns a certain optimum simultaneity of citing publi-
cations.

The caveat of a certain optimum is relevant: on the
one hand, correctly distributing references across pub-
lication years requires an instantaneous snapshot of
the distribution corresponding to citing publications
published at the same time. However, it would be
absurd to make this requirement overly strict, reducing
simultaneity to months or even days. We believe that,
for the purposes of constructing such distributions, it
would be reasonable to limit this requirement to pub-
lication times within the same year. Let us take 2019 as
an example year and compile an array of references
included in source publications from this year. Let us
construct a distribution of such references separately
for each of the following databases: the SSCI, the
SCI-E, and the A&HCI. During the construction, we
proceed from the repeatedly confirmed position that
citation characteristics largely depend on the aca-

demic field of the citing publication.! Therefore, for

! There is a certain amount of duplication between WoS data-
bases, with the same journal with all its articles being simultane-
ously stored (registered) in several databases. In accordance with
Bradford’s law, not all articles of a journal correspond to its
scope, and most of the articles on this topic are published in
journals with other scopes. However, regardless of which WoS
database(s) and how many of them an article is included in, it is
assigned all the topic categories of these databases, but only one
(single, identical) UT identifier [4]. Therefore, it is misleading
to judge the number of publications in a particular academic
field or discipline based on the codes and identifiers of articles
in this or any other citation index [5].
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the sake of testing integrity, we exclude from consider-
ation borderline source publications that are included in
any other databases besides the considered one. Thus,
we exclude source publications from the SSCI if they
are also registered in either the SCI-E or the A&HCI.
This can be done using the UT identifier. Similarly, we
also exclude source publications from the A&HCI data-
base if they are also registered in either the SCI-E or the
SSCI. The same applies to the SCI-E.

Fig. 3 presents a graph of the distribution of refer-
ences across their publication years. The curves on the
graph correspond to references published in 1900—
2019 and cited by Russian source publications pub-
lished in 2019 and registered in the corresponding
WoS database. Noticeable differences in the distribu-
tion of references from different databases can be
observed in the graph. The maximum value (7.5%) of
the share of references published in a certain year (in
their total number) corresponds to references in
source publications on natural, exact, and applied sci-
ences (SCI-E). The next maximum share of references
is behind by a little over 1% (6.4%) and corresponds to
publications on social sciences (SSCI). Note that the
maximum for the SCI-E is observed in 2017, corre-
sponding to a 2.5-year lag in relation to the citing pub-
lications, while for the SSCI that lag is 3.5 years. The
maximum number of references in publications on arts
and humanities (A&HCI) is almost twice (3.9%)
smaller than the corresponding value for the SCI-E.
Note that for the A&HCI, the share of references pub-
lished 100 years ago or earlier is quite pronounced and
in each of the considered years is within 0.2—0.3% of
Vol. 56

No. 4 2022



A STUDY OF REFERENCES IN RUSSIAN CITING PUBLICATIONS (SOURCES)

195

Table 4. Results of cross-identification of source publications from 1993—2020 with references to publications from 1700—2020

Array of all references

Array of core references

Array of all Russian source publications to Russian and foreign
from 1993—2020, including those that also | publications from 1700—2020 .« references that are also Russian
act as references made in Russian publications source publications all core references
in 1993—2020
3 8 8
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g g s 8 g 2 g o = E s g3 z g
892185 430550 4.8 48.3 22404318 1.8 311124 2103535 6.8 12609504 | 2690206 4.7
30125 11041 2.1 36.7 748606 1.2 4123 16322 4.0 161070 54383 3.0
14769 2088 1.7 14.1 296342 1.0 641 2309 3.6 11555 4067 2.8

the total number of references. Thus, the share of old
references in the academic field Arts and Humanities
(A&HCI) exceeds the corresponding values for the
field Social Sciences (SSCI)—0.01—-0.03%—by an
order of magnitude or more and the values for the field
Natural, Exact, and Technical Sciences (SCI-E)—
0.007—0.01% —by almost two orders of magnitude.

CROSS-IDENTIFICATION OF SOURCE
PUBLICATIONS AND REFERENCES

The source data and the data obtained after pro-
cessing can be used to take another step towards iden-
tifying publications. That step is to search the data
obtained in the previous section to identify Russian
publications that after their publication were cited by
other Russian publications, i.e., publications that act
both as source publications and as references. That
would make it possible to pose and consider a number
of interesting problems in the future.

Our approach to solving this problem is based on
DOI numbers. Recall that in the WoS databases more
than half (59.5%) of the bibliographic descriptions of
cited publications published in 1700—2020 that were
referenced by source publications in 1993—2020 have
DOIs. More than two-thirds (71.7%) of Russian
source publications published in that period and regis-
tered in one of the studied WoS databases also have
DOIs. Consequently, source publications and refer-
ences can be cross-identified by comparing their
DOIs. Items with the same DOI number shall be con-
sidered to be the same publication that acts as a source
publication in some cases and as a reference in other.

As can be seen from Table 4, almost half (48.3%) of
Russian publications registered in the SCI-E were
cited by other Russian publications. The correspond-
ing value for the SSCI is significantly lower, at 36.7%,
and that for the A&HCI it does not even reach 15%
(14.1%). The objective of analyzing these differences,
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which can be assumed to be largely due to features,
traditions, and citation ethics of the relevant academic
fields [6], is outside of the scope of this study. How-
ever, one significant reason for these differences is, in
our opinion, obvious. This results from the fact that we
cross-identified the source publications and references
based on coincidence of their DOIs. Naturally, the
more source publications and references that have
DOIs, the higher the probability that a source publica-
tion will be found among the references, i.e., will be
identified as the same publication as one of the refer-
ences. Reference to the data presented in the graph in
Figure 2 clearly shows that they significantly correlate
with the data in Table 4. Therefore, one of the reasons
for the differences between the three studied WoS
databases in terms of the share of source publications
that have also become references is the difference in
the share of publications that have DOIs. Moreover, it
can be argued a priori that if all source publications
and all references had DOI, then the corresponding
shares of Russian publications referenced by other
Russian publications would be significantly higher.
That means that the real figures of citation of Russian
publications by other Russian publications may be
higher than those presented in Table 4.

Let us perform a brief test to estimate whether this
assumption is correct, purely as a first approximation.
Let us take the rather highly cited review “Unified cos-
mic history in modified gravity: From F(R) theory to
Lorentz non-invariant models,” whose authors
include Russian researchers. This review was pub-
lished in 2011 in the journal Physics Reports-Review,
Section of Physics Letters. A WoS search in the array of
global publications for the period 2011—2019 returns
1,571 publications that had referenced this review (as
of 08.03.2022, there are 2361). Using the Refine
option of the WoS interface, we select only the refer-
ences from publications with a Russian affiliation.
This returns 317 references. Meanwhile, the applica-
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tion of our cross-identification procedure results in
310 references for this period. Thus, only 7 references,
i.e., a little over 2% (2.2%), have been lost. Of course,
the statistics for a single publication is not a reliable
means of assessment. Nevertheless, it still gives some
idea of lost data, and it can be assumed that these
losses are generally not large.

CONCLUSIONS

Among the numerous resources of WoS data-
bases, the text field CR, that contains reference lists
from source publications, has not been statistically
investigated before. Working with an array of about
30 million references of Russian authors made over a
period of 41 years and stored in these databases, we
have processed them to obtain answers to some ques-
tions to these data [7]. First, we were interested in
how Russian researchers use their own and foreign
scientific achievements, which works of their prede-
cessors do they reference and in what way. Other
questions of interest include mutual influence of var-
ious branches of science on each other and a number
of other similar issues.

To find answers to these questions, we needed to
process the array of references. The issues that arose
during the processing shed light on the nature and fea-
tures of the citation process itself, which create diffi-
culties for extracting reliable and unambiguous data.
Eliminating these problems required research, the
process and results of which are presented in this arti-
cle, including the results of statistical analysis and
restructuring and identification of the array of refer-
ences in order to translate their text data to a machine-
readable format and match them to cited publications.
In addition, changes in the average length of reference
lists in citing publications were analyzed: over the
study period, it has more than doubled. In addition,
the research has confirmed the assumption of signifi-
cant differences in the citation traditions of different
academic fields—for example, the number of refer-
ences in research on humanities and social sciences is
several times smaller than that number in natural sci-
ences, and their citation window is much longer.

Thus, the performed study has created an import-
ant foundation for further research deeper into the
psychologically complex and understudied process of
the so-called scientific citation.
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