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Abstract. Identification of topical research issues using bibliometric data is complicated
by the fact that the citation of publications from recent years has not yet been formed. In
this paper, it is proposed to use the average citation of the journal over two years rather
than the article citation to estimate to estimate the weight of the keyword occurring in
the sample under consideration. In order to identify the terms that characterize relevant
research topics, itis proposed to represent the term co-occurrence network in coordinates
of the average occurrence of the term per year and the average normalized citation of
the term to visualize the graph. Furthermore, this methodology proposes the use of
preprocessing of keywords using a lemmatization dictionary. 3,696 bibliometric records
for 2022-2024 from the ScienceDirect platform on the topic of industry digitalization
were used for the analysis. The VOSviewer and Scimago Graphica programs were used
sequentially. The former was used to display the overall landscape of the study, while the
latter was used to analyze in more detail the individual slices of bibliometric data obtained
with VOSviewer. A’‘convex hull’was used to facilitate the perception of cluster boundaries.
After analysing the data and highlighting the terms, it is proposed to provide context
by quoting strings from publications and defining of lesser-known terms. The industry
digitalization is not only a technical and technological issue but also an economic one, as
evidenced by terms such as ‘digital economy’and‘Industry 5.0
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MpoBepouyHas METOAONOIUA BbISABAEHUA
dKTYaAbHbIX Hay4YHbIX BOMPOCOB B HOBbIX I1y6I\VIKaLI,I/If-|X,
LUTUPOBaAHUE KOTOPbLIX €lle HEe YCTaHOBAEHO

b.H. Yurapes
MHcmumym npobnem Hegpmu u 2aza Pocculickol akademuu HayK,
2. Mockea, Poccutickas Qedepayus
04 bchigarev@ipng.ru

AHHOTaumsA. BbiaBneHne aKkTyanbHbIX MCCnefoBaTelbCKUX NPobiemM C NCNOoNb30BaHu-
em 6MbnMomMmeTpUYECKNX AaHHbIX OCNIOXKHAETCA TEM, UTO LNTUPOBaHMeE Nybnmkaymn no-
cnefHux net euwe He chopmmpoBaHo. B gaHHOW paboTte npepnaraetcs UCNONb30BaTb
ANA OLEHKM Beca K/I0YeBOro CJI0Ba, BCTPEYAIOLWErocs B pacCMaTpMBAEMON BbiOOpPKeE,
He LMTUpOBaHMe CTaTbl, a CPedHIo LMTMPYEeMOCTb XKypHana 3a ABa roga. [1nAa sbiasne-
HUA TEPMMHOB, XapaKTepu3yloLWnX pefieBaHTHbIe nccnegoBaTe/ibCcknue Tembl, npeanara-
eTCA NpeacTaBUTb CeTb COBMECTHOM BCTPEYaeMOCTV TEPMUHOB B KOOPAMHATAX CpeaHen
BCTpeYaeMoCTV TepMUHA B rof 1 cpefHen HOPMann3oBaHHOW LUTUPYEMOCTU TepMUHaA
AnAa susyanusaumm rpadurka. Kpome Toro, JaHHasa MeTogonorna npegnonaraeT UCNob-
30BaHMe npeaBapuTenbHON 06pPabOTKM KNoYeBbIX CIIOB C MCMOMIb30BAaHMEM C/IOBapA
nemmatusaumn. [Ina aHanmsa 6binn Ncnonb3oBaHbl 3696 6MGNMOMETPUYECKMX 3anuncel
3a 2022-2024 rr. ¢ nnatdopmbl ScienceDirect no Teme unppoBmnsauny NPOMbILLIEHHO-
ctn. NocnepgoBatenbHo mcnonb3oBanucb nporpammbl VOSviewer n Scimago Graphica.
MepBbI ncnonb3oBanca ana otobpaxeHna obuiero naHawadpTa nccnefoBaHns, a BTO-
poii — anAa 6onee geTanbHOro aHann3a oTAeNbHbIX CPe30B OBUOIMOMETPNYECKNX AAHHbIX,
nony4yeHHbIX ¢ nomouybio VOSviewer. «Bbinyknaa o6onouka» ncnonb3oBanacb ans obner-
YeHUA BOCMPUATUA rPaHunL KnacTepoB. [locne aHanu3a AaHHbIX U BblAeNeHnA TePMUHOB
npeanaraeTca NPefoCcTaBUTb KOHTEKCT, UMTUPYA CTPOKM 13 Nybnukauum n onpegenss
MeHee M3BeCTHble TepMuHbl. LindpoBnsauma oTpacain — 3T0 He TONIbKO TexXHU4YecKas
N TEXHONOrnyeckasa Npobnema, HO U SKOHOMMYECKAsA, O YeM CBMAETENbCTBYIOT TaKMe Tep-
MUHBbI, KaK «nppoBas SKOHOMUKa» 1 «MHAycTpuraA 5.0».

KnioueBble cnoBa: akTyasibHble BONPOCHI UCCefoBaHWA, OLeHKa Beca KtouYeBbIX C0B,
nemmatusaums, VOSviewer, Scimago Graphica, undposusauua otpacnm

d)wHchprBane. dn HaHCNPOBaHNE OTCYTCTBOBAJIO.

OAna untnposaHusa: Yurapes b.H. [poBepoyHasa meTogonorna BbiABNEeHWA akTyaslbHbIX
HayUHbIX BONPOCOB B HOBbIX My6AnKaLuAx, LMTUPOBaAHNE KOTOPbIX eLle He YCTaHOoBMe-
HO. MHhopmayua u uHHosayuu. 2024;19(3): 46-79. https://doi.org/10.31432/1994-2443-
2024-19-3-46-79
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Introduction?

Motivation and relevance of this study

1. In determining the actual tasks of re-
search using bibliometric data, one is inev-
itably confronted with the fact that the cita-
bility of publications in recent years has not
yet been established. Therefore, the ‘Cited
by’ field or other similar fields of bibliomet-
ric data exported from abstract databas-
es are still poorly populated. For example,
by query: ‘q = (title:(digital energy) OR ab-
stract:(digital energy) OR keyword:(digital
energy) OR field_of_study:(digital energy))
&p=0&n=10&publicationType.must=jour-
nal article&publicationType.must=con-
ference proceedings article&published-
Date.from=2022-10-01&publishedDate.
t0=2024-10-01" to the abstract database
The Lens of the 9223 bibliometric records
obtained, 5570 publications have not yet
been cited and 1359 have been cited only
once. Therefore, using the indicator such
as the average normalized citation utilized
by the most frequently used in bibliomet-
ric analysis program VOSviewer [1] will not
be relevant (in the sense of correspondence
of the obtained result to the desired result).
Based on the above, this methodology pro-
poses to use the average citation of a jour-
nal over two years (Cites / Doc. (2years) as by

' Note: within the scope of this study, the
author followed the rule - the highlighted line
was enclosed in single quotation marks (“), and
the citations taken from the abstracts of articles
showing the context of the termin consideration
were enclosed in double quotation marks ().

MpumeyaHme: B paMKax JaHHOroO nccneno-
BaHVA aBTOp CliefoBan NpaBuiy — BblaeneHHas
CTpOKa Obina 3akfoyeHa B oAnHapHble KaBbly-
kn (“), a unTaTbl, B3ATblE N3 aHHOTaLMIA CTaTen,
MOKa3blBaloLMe KOHTEKCT PacCMaTPUBAEMOrO
TEePMMHa, ObIIM 3aKNOUYEHbI B [BOWHbIE KaBbly-
Kn («").

Scimago Journal & Country Rank) instead of
article citations to estimate the weight of a
keyword occurring in the sample under con-
sideration. This study used bibliometric data
from the ScienceDirect platform and the file
‘scimagojr 2023.csv’ containing the charac-
teristics of journals published by Elsevier.

2. The VOSviewer program provides
high—quality results of the bibliometric anal-
ysis, including a visual representation of the
average occurrence of a term per year and
the average normalized citation of a term.
However, in my opinion, in order to iden-
tify terms characterizing topical research
themes, it is desirable to present a diagram
of occurrence of relevant terms simultane-
ously in both the above-mentioned coor-
dinates. Various methods of Layout: Force
Directed, Kamada and Kawai’s algorithm,
LinLog, Dagre Top-Down have been used
to visualize the co-occurrence network of
terms, but | have not been able to find pub-
lications by other authors that have jointly
used the coordinates of the average term
occurrence per year and the average nor-
malized citation of the term to visualize the
graph layout.

3. The VOSviewer program allows using
thesaurus_terms.txt file to replace the spell-
ing of terms, but unfortunately this feature
is rarely used. In this paper, we propose to
use this feature to replace the abbreviations
found in keywords with their full spelling,
e.g. loT — internet of things. Author key-
words also occur in different spellings, e.g.
a term can be used in both plural and sin-
gular. Therefore, this technique proposes
the use of pre-lemmatization of keywords
using a lemmatizer dictionary. This type of
lemmatizer is chosen as the most transpar-
ent in terms of the changes it makes and can
be easily supplemented with new entries,
e.g. some complex terms can have both a
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merged spelling and a separated or hyphen-
ated spelling.

The VOSviewer program was chosen as
the base program, because it directly pro-
vides the features necessary to implement
the proposed methodology. It is widely used
in bibliometric analysis and is, in my opinion,
the most consistent (by mutual consistency)
and widely used. An example of Scilit data-
base queries reflecting the use of free pro-
grams in bibliometric research: ‘'VOSviewer’
for common fields [Title, Abstract, Keyword]
gives 11530 publications, Bibliometrix —
2373, CiteSpace — 9860 in publications
for 2022-2024. CiteSpace and Bibliometrix
provide very diverse capabilities of differ-
ent methods, so a separate study is needed
on how they can be used to implement the
methodology described in this paper, for
example, to generate a different measure of
keyword weights from the available data for
the journals in whose publications they oc-
cur.

Despite the fact that the lemmatization
used a dictionary of 1060 terms related to
the considered topic (industry digitalization)
and the application of abbreviations tran-
scripts, the results of the analysis showed
the incompleteness of the necessary substi-
tutions. This fact is used to demonstrate the
importance of normalizing Author keywords
before conducting a bibliometric analysis to
identify promising research topics.

The choice of ‘industry digitalization’ as a
subject area is due to my professional inter-
ests.

The article is written in ‘proof of concept’
format and does not pretend to be a com-
prehensive review of the issue of finding are-
placement for average normalized citations
(Avg. norm. citations as by VOSviewer), but
considers only one option, in which averag-
ing by publication is replaced by averaging
by journal for the two preceding years. This

option is available in the Scimago Journal &
Country Rank data. Alternatively, one could,
for example, consider the Hirsch index for
the journal in which the term occurs in the
generated sample for the query of interest,
restricted to recent years.

This preprint is intended to be posted on
the preprints.org platform?, which allows
comments. Therefore, | would be grateful
for comments with links that at least par-
tially discuss a methodology similar to the
one proposed in this paper. So far, | have not
been able to find an article that fully address-
es all of the above issues, but only selected
ones. The references found are intended to
be used in writing a journal article.

Brief Literature Review

Quality assessment of publications is a
topical issue and is addressed in many pa-
pers, whose authors may have significantly
different opinions.

In [2] it is noted that determining the im-
portance of an article is acomplex and time-
consuming task. Formal citations are consid-
ered the ‘gold standard’ in the scientific lit-
erature, but citation metrics have their own
problems. The main problem is the time lag
in citations, which makes them insufficient
for evaluating recently published papers.

Thus, the authors of [3] explore three
methods for evaluating the quality of a sci-
entific article: subjective post-publication
peer review, the number of citations, and
the impact factor of the journal, with the im-
pact factor being the most satisfactory.

There is another challenge of using for-
mal metrics, as [4] notes that many research-
ers tend to publish their work in journals
with the highest JIF in their field. The Journal
Impact Factor (JIF) is a widely used metric

2 https://www.preprints.org — The Multidis-
ciplinary Preprint Platform
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that measures a journal’s impact by calcu-
late the total number of citations received
by the journal in that year for articles pub-
lished over the previous 2 years divided by
the total number of citable items published
by the journal in that 2-year period.

The abundance of open access scientific
articles online has made it easier for scien-
tists and clinicians to stay updated on re-
search activity [5]. However, this has made
it more challenging to find high-quality,
relevant articles and journals. To evaluate
this, researchers use citation metrics, usage
metrics, and alternative metrics (so-called
altmetrics).

Thus, even this brief overview shows that
there is not only a diversity of evaluations of
publications and journals, but also a variety
of challenges in applying these evaluations.

In addition, depending on the task, not
only the evaluation of articles is important,
but also, for example, the evaluation of the
relevance of keywords for the generation of
queries, e.g. for the generation of systematic
reviews.

Author keywords play a crucial role in
the scientific literature, influencing indexing
terms. Understanding changes in their oc-
currence over time can provide insight into
the evolution of a discipline and be of inter-
est for bibliometric analysis.

One of the significant challenges is the
normalization of authors’ keywords. The pa-
per [6] proposes a method to extract domain
keywords and build an efficient domain the-
saurus for better description and analysis of
domain news. It improves domain efficiency
by combining key information and building
a high—quality thesaurus through manual
analysis and automated processing.

The proposed methodology for identify-
ing relevant research topics based on clus-
tering of keywords of authors of new pubili-
cations uses the capabilities of the VOSview-

er program, the results of which depend on
the compilation of a thesaurus that normal-
izes the spelling of authors’ keywords.

There are few works in which the thesau-
rus is used when working with VOSviewer;
| managed to find only three. At the same
time, the thesaurus compilation itself is not
formalized in these works, which increases
the probability of errors and incomplete fill-
ing of the file.

In [7], Figure 4 shows the use of a “Top
of the keywords list after data cleaning and
thesaurus of terms”.

The article [8] also uses the dictionary
substitution shown at “Figure 2. (a) A list of
merging synonyms, spelling differences,
and plurals used during conducting the key-
word co-occurrence analysis”.

The author of this paper has already used
substitute spelling of keywords in the pre-
print [9].

The above has prompted the compilation
of a methodology for analyzing keyword
co-occurrence in a proof-of-concept format
that addresses these issues.

The objective of the paper

To compile a methodology in ‘proof of
concept’format to identify relevant research
topics from bibliometric data of the past two
years and the current year on ‘industry digi-
talization’ based on open data provided by
Elsevier Publishers.

Materials and methods

Bibliometric data for 2022-2024 were
exported from the open access platform
ScienceDirect for the query: ‘Title, abstract,
keywords: (industry OR manufacture OR fab-
rication) AND digitalization; yielding 3,696
results. Current as of 30-09-2024.

Data were exported in RIS format and
further translated into CSV format. Field
headers were renamed according to their
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spelling for similar data fields exported from
the Scopus database. This procedure is nec-
essary to import the data into the VOSview-
er program. Estimation of citations for two
years (Cites / Doc. (2years) as by Scimago
Journal & Country Rank) was taken from the
file ‘scimagojr 2023.csv’ containing the main
characteristics of journals from the SJR plat-
form?3.

This estimate was reduced to a form sim-
ilar to the citation of publications: the frac-
tional value from the file ‘scimagojr 2023.
csv’ was multiplied by 10 and reduced to
integers. That is, in the data in Scopus CSV
format, the ‘Cited by’ field was replaced ex-
actly by the proposed citation score, not by
the citation itself.

The data were joined by the journal
name field. In addition, data from the ‘SJR
Best Quartile’ field were included, reflecting
which quartile the journal belongs to. Dur-
ing the analysis it was used to compare the
terms reflecting the current research topics
in the journals included in Q1 and others.

There was some inconsistency between
the names given in the file ‘scimagojr 2023.
csv’ and the data in the RIS files. The spell-
ing of the mismatched names was checked
manually. They were most often reduced to
the use of ‘& instead of ‘and’ and the use of
an abbreviated name in the full journal name
in one case and no abbreviation in another.
The fields reflecting the ISSN in both sourc-
es were also filled in differently. In this par-
ticular case, combining by the journal name
field gave the best results and was used.

Some of the journals in the RIS files were
not found in the list of journals and their
properties file. The main problem was that
these were new journals for which data had
not yet been generated, and they were not

3 https://www.scimagojr.com/ — Scimago
Journal & Country Rank

listed in the 2023 journal list. This inconsist-
ency can be used to find new journals in
the topic of interest, but that is beyond the
scope of this preprint.

The routine work of harmonizing the
fields is not reflected in this publication so
as not to distract the reader from the main
purpose of the work.

The entries of the ‘Author Keywords’
field were preprocessed. Hyphen in com-
pound words was removed (as there were
some keywords without it). Abbreviations
in brackets were excluded, abbreviations as
separate keywords were replaced by their
full name containing 366 substitutions, for
example, 3dcp — 3d concrete printing, 3dpc
— 3d printed concrete, iomt — internet of
medical things, fea — finite element analy-
sis, rve — representative volume element,
cdm — continuum damage mechanics,
bim — building information modelling, ipd
— integrated project delivery, nn — neu-
ral network, am — additive manufacturing.
This file was composed of abbreviations and
full names. The resulting substitutions could
exceed the list of separately occurring key-
words as abbreviations, but reduced the risk
of missing substitutions.

Keywords were subjected to dictionary
lemmatization. The dictionary was built
from the intersection of a generic lemmati-
zation dictionary consisting of 246278 en-
tries obtained by data collection on github
and manually augmented as individual
studies were conducted, and a list of unique
one-word terms obtained from the Author
keywords list. After some manual editing,
the dictionary contained 1060 entries.

Even with this preparation of keywords,
the results of their analysis retained some
differences in spelling. For example, in one
case the words of a complex term were con-
nected by a short dash rather than a hyphen.
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The thus prepared bibliometric data in
Scopus SCV format and abbreviation re-
placement file were imported into VOSview-
er. The parameters used in the clustering are
indicated in specific places in the section
‘Results and Discussion’.

This paper presents only the results of
clustering the co-occurrence of pre-pre-
pared author keywords. Three analyses were
performed: for the full list of records, for the
list of records related to Q1 journals, and for
the list of the remaining non-Q1 journals.

The clustering results data exported from
VOSviewer were used in Scimago Graphica
[10] to present them as separate diagrams
in the coordinates ‘Avg. pub. year’ vs ‘Avg.
norm. citations’ for each cluster detected in
VOSviewer.

A ‘Convex hull’ was used to facilitate the
perception of the clusters obtained by the
algorithm included in Scimago Graphica.
The clustering algorithm from Scimago
Graphica was configured to obtain 4 clus-
ters. Filtering of the number of terms in the
graph was done by limiting the parameters
‘total link strength’and ‘Avg. norm. citations.

Adjustment of labels location on the
graph was performed by Inkscape® program
using SVG data exported from Scimago
Graphica.

To clarify the significance of terms de-
scribing promising research topics, brief
summaries of publications corresponding
to these terms were provided.

Results and discussion

To get an overview of the occurrence of
Author keywords across journals and across
years, we took the 30 journals with the high-
est number of publications, selected the 30
most frequent terms, and plotted the San-
key diagram shown in Figure 1.

* https://inkscape.org/ — Inkscape is a free
and open-source vector graphics editor

A diagram of this type allows to quickly
compare selected keywords and the jour-
nals in which they are most often found.

The study will further focus on analyzing
the co-occurrence of keywords and their as-
sessment based on the average citations of
journal articles in the previous 2 years.

Author keywords co-occurrence analysis
for all journals in the sample

Figure 2 shows the results of clustering
based on co-occurrence of Author keywords
obtained by VOSviewer using the following
parameters: the occurrence threshold for
terms is 3, the number of terms for plotting
is 500, the minimum number of terms in
a cluster is 60. In this case, 5 clusters were
obtained. In total there were 10300 Author
keywords, 984 meet and more 3 times.

Table 1 shows 15 Author keywords typ-
ical for new publications. It is obtained by
sorting the field score<Avg. pub. year>. For
ease of reading, the tables have abbreviat-
ed headings, e.g., score<Avg. pub. year> —
Avg.pub.year.

The term ‘incentive mechanism’ is typical
of the newest publications.

Citation from paper [11] revealing the
context for the term ‘incentive mechanism’:
“Under the decentralized decision-making
mode, the incentive mechanism positively
promotes the innovation efforts of both par-
ties of cooperative enterprises, while the lo-
cal government is not affected, while under
the centralized decision—-making mode, the
incentive mechanism positively affects the
innovation efforts and innovation benefits
of all three parties”.

Table 2 shows 16 Author keywords typi-
cal for publications with the highest aver-
age citation. Obtained by sorting the field
score<Avg. norm. citations>.

The terms ‘digital concrete’ and ‘3d con-
crete printing’ often appear in highly cited
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Fig.1. Distribution of top 30 Author keywords by top 30 journals and years

Table 1: Author keywords typical for new publications

label cluster |Occurrences |Avg.pub.year |Avg.norm.citations
incentive mechanism 2 5 2024 1.1297
education 5 7 2023.857 0.4853
modular construction 5 6 2023.833 1.3724
explainable ai 2 5 2023.8 1.1323
industrial metaverse 5 5 2023.8 1.6626
data privacy 2 4 2023.75 0.9745
green supply chain management 1 4 2023.75 1.4205
humancentric 5 4 2023.75 1.6294
operation management 1 4 2023.75 1.689
opportunities 1 4 2023.75 0.7481
strategic management 1 4 2023.75 0.4743
vat photopolymerization 3 11 2023.727 1.486
stakeholder 1 7 2023.714 1.0619
capability 1 3 2023.667 1.5551
cognitive digital twin 2 6 2023.667 1.1499
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Table 2. Authors keywords of publications with the highest average citation rate

label cluster Occurrences Avg.pub.year |Avg.norm.citations
battery 2 5 2023.6 2.675
information fusion 2 4 2023.25 2.5233
digital concrete 3 9 2023 2.0635
energy transition 1 9 2023.222 2.0086
electronic 1 4 2022.75 1.9497
ambidexterity 1 3 2022.333 1.9495
patent 1 3 2022.667 1.8555
plan 2 5 2022.6 1.8401
service innovation 1 5 2022.2 1.7643
wire arc additive manufacturing 3 3 2023.333 1.7564
multicriteria decisionmaking 1 6 2022.667 1.7421
software architecture 2 3 2022.667 1.7049
operation management 1 4 2023.75 1.689
value capture 1 6 2023.333 1.6801
resourcebased view 1 4 2023 1.6779
3d concrete printing 3 24 2022.917 1.6702

o ¥DSewe 3 g

Fig. 2. Author keywords co-occurrence network for all journals in the sample
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journals, so let’s give the context of theiruse 5 clusters shown in Figure 2. Technically, this
[12]. “Digital concrete technologies, such as  was done by filtering the data by cluster pa-
3D concrete printing, have the potential to  rameter. In order to reduce the number of
be game changers in the construction in-  terms in the graph and to obtain a connect-
dustry by reducing material consumption  ed graph, an additional filter was applied to
and offering a high level of automation.” filter out terms that had a‘total link strength’
parameter less than or equal to 30. The ‘clus-

Diagrams creation with Scimago Graphi- ter 1-4'in the legend on the graphs reflect
ca program the grouping of terms implemented by the
Figures 2x1-5 were plotted using the  algorithm built into Scimago Graphica. They
program Scimago Graphica for each of the  should not be confused with the clusters of
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Fig. 2.1. Network of Author keywords from the first cluster of Figure 2




Yurapes b. H. lpoBepo4Has MeTo[0NOrus BbIABNIEHUS aKTyasbHbIX Hay4HbIX BOMPOCOB...

2024;19(3):46-79

NUHdopmaums n nHHosauum / Information and Innovations

Figure 2, as they are an additional grouping
of terms. The use of the ‘Convex hull" allows
to more clearly highlight the terms that are
on its boundary, i.e. that take extreme val-
ues for a given group of terms.

The term networks in Figures 2.1-5 were
constructed without using any layout meth-

avg.norm_citations

od, in the coordinates ‘Avg.pub.year’ vs ‘Avg.
norm.citations, which facilitated the selec-
tion of terms that could be interpreted as
reflecting topical research issues. We could
not find examples of this kind of term net-
work construction in the works of other au-
thors.
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Fig. 2.2. Network of Author keywords from the second cluster of Figure 2

56



Chigarev B. N. A proof-of-concept methodology for identifying topical scientific issues...

2024;19(3):46-79

NHdopmaums n niHosauum / Information and Innovations

The terms ‘renewable energy, digital
economy and energy efficiency’ may de-
scribe relevant research topics, such as
those presented in the following papers
[13,14].

In this case, the topic‘digital twin’with the
most relevant terms ‘electric vehicle and cy-
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berphysical system’ is best represented. An
example of an article revealing this topic is
[15], cited 271 times according to Science-
Direct and 397 times according to GOOGLE.
Current as of 10-10-2024.

This group of terms is dominated by the
topic ‘additive manufacture’ And ‘wire arc
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Fig. 2.3. Network of Author keywords from the third cluster of Figure 2
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manufacture’ is characteristic of new pub-
lications, and ‘digital fabrication’ which are
more frequently cited. The articles [16, 17]
are relevant examples that give the context
of the use of these terms.

Cluster 2 contains not only the maximum
number of terms but also the most topical
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terms ‘build information modeling’ and ‘in-
dustry foundation class’ (IFC is a standard-
ized, digital description of the built asset
industry).

Context for these terms: “This research ex-
plores the application of Building Information
Modeling (BIM) in construction and demoli-
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Fig. 2.4. Network of Author keywords from the fourth cluster of Figure 2
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tion waste (CDW) management and the sus-
tainability of buildings. The method consist-
ed of applying Design Science Research (DSR)
to develop a conceptual information model
based on the Industry Foundation Classes
(IFC)” [18]. “Building Information Modeling
(BIM) plays a pivotal role in the construction

avg.norm.citations
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management of dam engineering projects
. while Industry Foundation Classes (IFC)
offer a standardized digital representation of
the built environment”[19].
This graph clearly shows the importance
of keyword normalization: the terms ‘build
information modeling’ and ‘build informa-
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tion model’ have a similar meaning, but are
placed on different sides of the second clus-
ter. In more general graphs, such as Figure
2, this problem may not be noticeable, but a
closer look, Figure 2.4, shows that the lack of
normalization significantly affects the clus-
tering results.

‘Smart contract; ‘blockchain’and’‘Industry
5.0’ describes the topical theme of this clus-
ter.

Context for the given terms: “the Block-
chain concepts and their applications in
Marketing through bibliometrics, network,
and thematic analyses, which can provide
several novel insights ... by evaluating the
most significant and cited research publica-
tions, keywords, institutions, authors’ collab-
oration network, and finally countries that
promote Industry 5.0 (15.0) businesses” [20].
For bibliometric research, the topic of using
‘Blockchain concepts’ for ‘Marketing through
bibliometrics” deserves a separate, more in-
depth consideration. [21] — “propose intel-
ligent smart city architecture for vaccine
manufacturing with a Smart Contract-based
access control model”.

Author keywords co-occurrence analysis
for journals in Q1.

Next, let’s look separately at the distribu-
tion of Author keywords for the journals in-
cluded in Q1, Figure 3.

Number of entries for journals included in
Q1-2698.

Clustering parameters:8263 terms meet
5; 702 meet 3; 500 terms in use; 4 clusters for
50 terms min in cluster.

Table 3 shows 15 Author keywords that
are typical for new publications for the jour-
nals included in Q1. Obtained by sorting the
field score<Avg. pub. year>.

NFTs (or“non-fungible tokens”) are a spe-
cial kind of cryptoasset in which each token
is unique.

The terms ‘Incentive mechanism, NFTs,
‘technology acceptance model’ reflect the
current topic according to this table.

The context for these terms is disclosed
in the articles: [22] — “The model captures
the core categories that affect trust toward
crypto-tokens applications ... to develop
strategies that ... create value with cryp-
to-tokens and Web3.0 economies”. “Ac-
tually, the Technology acceptance model
(TAM) was initially formulated by Davis to
explore the relationships among the ele-
ments like “perceived usefulness” (PU), “per-
ceived ease of use” (PEOU), Attitude (ATT),
Behavioural Intention (BI) and actual use
(AU)" [23].

The terms ‘data; ‘battery; ‘information fu-
sion’ define the relevance topic from this ta-
ble. The title of the paper itself [24] reveals
the context of these terms — ‘Multi sensor
fusion methods for state of charge estima-
tion of smart lithium-ion batteries.

Diagrams created with the Scimago
Graphica

Figures 3x1-4 are plotted using the
Scimago Graphica program for each of the 4
clusters shown in Figure 3 in a similar way to
Figures 2x1-5.

Digital economy, especially ‘digital econ-
omy and supply chain; are among the larg-
est clusters of emerging topics in Q1 journal
publications.

An example of a publication reflecting
this theme is the article [25] showed that
a study of Chinese public companies from
2007 to 2020 found a positive correlation
between the level of digital transformation
of large customers and the level of digital
transformation of their suppliers, especially
if the customers are important to the suppli-
ers.

The authors of [26] have shown that the
“The result shows that “absence of urgency
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Table 3: Author keywords specific to new publications for journals included in the Q1

label cluster Occurrences | Avg.pub.year Avg.norm.citations
education 4 4 2024 0.5459
incentive mechanism 2 5 2024 0.9608
nfts 4 3 2024 1.0029
opportunities 1 3 2024 0.7602
reinforce concrete 3 3 2024 0.7602
technology acceptance model 4 4 2024 0.922
modular construction 4 6 2023.833 1.1539
explainable ai 2 5 2023.8 0.9477
industrial metaverse 2 5 2023.8 1.4024
text analysis 4 5 2023.8 1.4442
cementitious composite 3 4 2023.75 0.7949
green supply chain management 1 4 2023.75 1.186
humancentric 2 4 2023.75 1.3667
intelligent system 4 4 2023.75 1.1007
moderate effect 1 4 2023.75 1.1129
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Fig. 3.1. Network of Author keywords from the first cluster of Figure 3

for supply chain digitalization”, lack of prop-
er innovation strategies’, and “Inadequate
leadership to lead digital transformation
“are the highest-ranked digital supply chain
barriers that needs to be overcome on a pri-
ority basis”.

‘Cyberphysical systems’ and ‘Industry 5.0
are the topics of interest in this cluster.

Context for these terms: “... transforming
industrial automation into industry 5.0 com-
pliances to attain full autonomy with minimal
human intervention ... Smart Cyber—Physical
System (SCPS) is the most important part of
the fourth industrial revolution, where diffi-
dent programmed embedded systems are
networked together to perform, computa-
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Table 4: Author keywords specific to publications of Q1 journals with high average nor-

malized citation rate

label cluster Occurrences Avg.pub.year Avg.norm.citations
data 1 4 2023.25 2.245
battery 2 5 2023.6 2.1968
information fusion 2 4 2023.25 2.0612
sensor 2 5 2022.8 1.8612
energy transition 1 9 2023.222 1.6502
digital concrete 3 8 2022.875 1.567
financial performance 1 4 2022.75 1.5522
remain useful life 2 3 2023.333 1.5301
electronic 2 4 2022.75 1.5294
evaluation 1 3 2022.333 1.5209
federate learn 2 7 2023.714 1.4955
process plan 2 3 2023 1.4939
ambidexterity 1 3 2022.333 1.4895
patent 1 3 2022.667 1.4493
text analysis 4 5 2023.8 1.4442

tion, communication, control, and actuation”
[27]. Further details on this topic can be found
in Special issue. Cyber-Physical System for
Autonomous Process Control in Industry 5.0°.

The theme: ‘digital fabrication; ‘digital light
process’ is the most cited topic in this cluster
and is close to the similar theme presented in
Figure 2.3. At the same time, ‘wire arc manufac-
ture’ was separated into a different topic. This
example shows how clustering depends on
the chosen data slice, emphasizing that filters
are part of the question we want to answer.

It can be seen here that the topic ‘aug-
ment realty’ appears frequently in new pub-
lications, but does not have a high citation
rate. The topic ‘build information models’
has already appeared in Figure 2.4 under
the spellings ‘build information modeling’
and ‘build information model;, which again

> https://www.sciencedirect.com/special-
issue/102XPP5FG52 — Cyber-Physical System
for Autonomous Process Control in Industry 5.0,
Last update 16 February 2024

shows the importance of the keyword
preparation stage in cluster analysis.

Author keywords co-occurrence analysis
for journals not in Q1.

The co-occurrence clustering of Author
keywords shown in Figure 4 is constructed
on the basis of 968 records with the follow-
ing parameters: 2919 of all terms, 100 meet 5
and more times, 230 meet 3 and more times,
give 4 clusters for 30 min terms in cluster.

The total number of publications not in-
cluded in Q1 was less than those included:
2698 and 968, respectively. Therefore, the
‘total link strength’ filter was not used for the
Author keywords of such publications when
constructing the 4x1-4 graphs. Taking into
account that the purpose of this paper was
not to analyze the topic of digital industry in
detail, but to demonstrate the possibilities of
the proposed research approach, not using
this filter allowed us to show the reader how
graphs reflecting a larger number of terms
can look like. Only the‘cluster’ filter was used.
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Table 5: Author keywords specific to new publications for journals not included in the Q1

label cluster Occurrences Avg.pub.year Avg.norm.citations
strategic management 1 3 2024 1.2048
energy efficiency 1 5 2023.8 1.07
digital product passport 2 4 2023.75 1.1367
aas 2 3 2023.667 0.7873
digital technology 1 9 2023.667 1.0157
education 1 3 2023.667 0.9133
healthcare 1 3 2023.667 1.244
hybrid model 2 3 2023.667 0.9881
life cycle assessment 2 3 2023.667 0.9291
logistic 3 3 2023.667 0.9842
product development 1 3 2023.667 0.9842
transfer learn 4 3 2023.667 1.0471
modeling 2 5 2023.6 0.94
innovation 1 7 2023.571 0.9785
cloud manufacture 3 4 20235 0.9968

The terms ‘strategic management’and ‘energy efficiency’ are more frequent in new publi-
cations and have high citation rates.

Table 6: Author keywords specific to publications of not in Q1 journals with high average
normalized citation rate

label cluster Occurrences Avg.pub.year Avg.norm.citations
sensor network 2 4 2022 1.5679
financial technology 3 3 2022.333 1.2948
healthcare 1 3 2023.667 1.244
systematic literature review 1 6 2023 1.2355
smart city 1 5 2022.6 1.2162
assembly 3 5 2022.2 1.2066
strategic management 1 3 2024 1.2048
smart grid 1 6 2022.667 1.2008
data mine 4 3 2022.667 1.1871
sustainable manufacture 1 3 2022.667 1.1855
digital economy 1 6 2022.667 1.1838
industry 1 4 2022.75 1.1755
biologicalisation 1 3 2023 1.1714
hybrid manufacture 3 3 2023 1.1714
lean production 1 3 2022.333 1.1618

The terms ‘sensor network’ and ‘financial technology’ are found in earlier papers, but have
a good citation rate.
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Fig. 3.2. Network of Author keywords from the second cluster of Figure 3

Diagrams created with the Scimago
Graphica

‘Systematic literature review’ and ‘stra-
tegic management’ can be an interesting
topic. In [28], which is a systematic literature
review, the term ‘strategic management’ ap-
pears extensively in the form of references
to the journal: Analysis & Strategic Manage-
ment.

In the topic of ‘sensor network’ and ‘aas;
the former term is highly cited and the
latter term is more common in new pub-
lications. Context: “Asset Administration
Shell (AAS) — a machine-readable rep-
resentation of an asset in a digitalized pro-
duction system” ... “AAS can provide stat-
ic information, such as the manufacturer,
type or serial number, as well as dynamic
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Fig. 3.3. Network of Author keywords from the third cluster of Figure 3

data such as the current reading of a sen-
sor”[29].

The second, red cluster in this figure re-
fers to ‘machine leaning’ and ‘artificial intel-
ligence, with the term ‘financial technology’
appearing in articles with higher citations.
Machine leaning algorithms are used in ana-
lyzing issues related to cryptocurrencies, an
example of such work is the following [30].

The topic of the fourth cluster: ‘data min-
ing, ‘innovation management’ and ‘deci-
sion making’ is well covered in the works
[31,32].

Diagrams created with the Scimago
Graphica

Previously, when building a keyword net-
work with Scimago Graphica, filters were

66



Chigarev B. N. A proof-of-concept methodology for identifying topical scientific issues...

2024;19(3):46-79

NHdopmaums n niHosauum / Information and Innovations

avg.morm.citations

14

14

' { ) iy
\ / | )
T e
1
1 i it
./ .

i

ALY O MNAE MIRE M2Ed AILE MRAD RS ALY B 203

ST ENLES
—= 40
T

graphica_com.chusters

O duster 1
O clusker 2
O duster3
~ dusterd

rheroperablity

\ o
2R OMA 0B ARA AL MM ARED AT M3 1RSI MILA M4 2MEs 20018

awg.pub.year

Fig. 3.4. Network of Author keywords from the fourth cluster of Figure 3

used to set the threshold for the ‘total link
strength’ and ‘cluster’ parameters. If the task
is to analyze the topics of articles published
in the most cited journals, it is advisable to
introduce filtering by the ‘avg.norm.citation’
parameter. Figures 3.1cit-3.3-4cit show the
results of Author keyword clustering for
publications published in journals included
in Q1, but unlike Figures 3.1-3.4 filtering was

used: ‘total link strength’>20 and ‘avg.norm.
citation’>1,1.

The topic ‘servitization’and ‘digital econ-
omy’ can be seen as a contender for rel-
evance. The publication [33] provides a
context for these two terms in its title. An-
other example from this paper is the line:
“the impact of the digital economy on
the servitization of industrial structures
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Fig. 4. Author keyword co-occurrence network for non-QT1 journals

in the eastern, central, and western regi-
ons”.

Definition: Servitization is a shift in man-
ufacturing that enables the creation of inno-
vative business models and revenue streams
by incorporating value-added services into
their products.

The theme of ‘industrial iot” and ‘industry
5.0’ dominates in this chart. Strings “Emerg-
ing technologies such as blockchain and dig-
ital twins are essential for ... Industry 5.0 ...
the growing number of industrial IoT nodes

. enable secure transmission ... difficult”
from [34] reflect the context of the terms.

The keyword ‘industrial iot’is an example
of how it is not enough to simply replace

individual keywords as abbreviations with
their full names, it is also necessary to re-
place abbreviations in complex keywords,
for example using the sed utility.

The three figures above show that high
cited keywords form a clearly dominant
cluster, as shown in the figure 3.1cit.

The topic ‘3d concrete printing’ can be
found in the review publications for 2024
[35, 36, 371.

Conclusions

An assessment of the importance of key-
words in new publications (which have not
yet been cited) is suggested by the average
citation of articles in the journal over the last
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Fig. 4.1. Network of Author keywords from the first cluster of Figure 4

two years, values of which are available, for
example, on the Scimago Journal & Country
Rank platform.

Since the paper is in the style of a proof
of concept, a feature like Journal Hirsch can
also be used to assess the potential rele-
vance of keywords.

The importance of pre-processing of Au-
thor keywords before the procedure of their
clustering is shown. It should include at least
such steps of their normalization as the use
or absence of hyphens or short dashes in
complex words, the conversion abbrevia-
tions to full names, lemmatization of terms

and even manual checking. For example,
there are different spellings of the term ‘de-
cision making;, ‘decision-making’ and ‘deci-
sionmaking’ The author of this paper prefers
lemmatization to stemming, as the latter
can make terms difficult to read graphs.

A sequential use of the programs
VOSviewer and Scimago Graphica is pro-
posed.The former is used to present an over-
all picture of the research landscape, while
the latter is used for a more detailed analysis
of individual slices of bibliometric data, in-
cluding those obtained from the VOSviewer
program.

69



Yurapes b. H. lpoBepo4Has MeTo[0NOrus BbIABNIEHUS aKTyasbHbIX Hay4HbIX BOMPOCOB...

2024;19(3):46-79

NUHdopmaums n nHHosauum / Information and Innovations

i“'l].nﬂlﬂ'l-ﬂt-\thHS QLCURTEACES
1§ 1y
1l
s © cersornatwort ( ‘10
S
15
graphica.com clusters
1.5 @ rluster |
@ rluster 2
i @ cluster 3
@ tluster &
1.4
13
14
12
sofoware define manJfarbare process plan
12 Q battery cell marafacture e uSHGlET. Y tligibed produel s g
: Q igital shaday
By pErTamance-sRoiatorn X prégammatds lonic con ok D vhersevnriby
i © digika Feetnry. oy P i v
A o systen (s ] mimpies wyslen
duslmilinkers et of thisg
1 production system . fecisiniwippon T
! i TR SRy simubaling @ ¥
wiitual come ing o dosion e o = )
i st~ % gy o O s
1 Uiy nidelbased mstes enyines e AT ik ol gtrid et
D: i il o ] sl aanufpducg restlc melaursn o
[+ sorardelerk il |.|..-n @ yalt O yperpt ysic spsiem
1 Fva A g life e AP T
thond Q entiios i iy a _._. ih aloly  modeing
juada dinin o e ¥ Uigital thread. - © ey assessment @
i p : ; £ Drntess it
“himan lactal mtlurleam @ - e
|5) O\.m O--;Il- Pl gl e
0% sistalizalion mulkiagesl sy=iem
o O O ey hiin
PrCAuCIV
Iedrn factd : h
[LE mads 1y
o] Intormation te I o
9 s s,
{
I o
oy i i il i L
O ¢
[N IO TR il aid I data
Q o
Lk
| mpl penth
1 I L oo ang infraskructura o
0 o
0§ o
N OWE AR I 02 MR FRA MRRA MALS MEAG R0 JWAT MOLE 2R3 MY MI O MEL0 IR0 MART PIQR RMOTY 214 RS MELG N9A.G6 JMALT JPLE 2Nid

avy. pub.year

Fig. 4.2. Network of Author keywords from the second cluster of Figure 4

In order to assess the relevance of key-
words, it is proposed to display the net-
work of their co-occurrence in the coordi-
nates ‘Avg.pub.year’ vs. ‘Avg.norm.citation’
instead of the usual layout. The use of the
‘convex hull’ facilitates the perception of
cluster boundaries and thus the selection
of topical terms in the cluster. The Scima-

go Graphica program offers this possi-
bility.

The use of filters in Scimago Graphica
greatly facilitates the creation of the slices
analysed by the data and is recommended
for their use.

After the graphical analysis of the data
and the highlighting of the terms, the au-
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Fig. 4.3. Network of Author keywords from the third cluster of Figure 4

thor of this paper considers it appropriate to
offer the context of their appearance in the
form of citation strings from publications
that reflect well the context of the use of the
terms, as well as providing definitions of not
all known terms.

As for the topic of industry digitalization
itself, it is not only a technical and techno-
logical issue, but also an economic one, re-
flected in terms such as the digital economy
and Industry 5.0.
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