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Abstract: Scientometrics has found many applications in describing, explaining and predicting the scientific status
of researchers, educational and research groups, universities, organizations and countries in various national and
international arenas. By studying the scientific products of different countries, their status in the production of
science can be evaluated. Present study was conducted using a scientometrics approach and using co-word analysis
and social network analysis (SN'A) to investigate relationships in the field of knowledge organization. In this regard,
research indexed in web of science on the topic of “knowledge organization” has been analyzed using software in-
cluding VOSviewer, Gephi, Publish or Perish. The findings of the study show that the most frequently used topics

and words are knowledge organization and classification. Also, the most valuable subject areas were identified based
on the maps drawn using the closeness and centrality of indexes, taxonomy, ontology and knowledge organization
systems. Co-authorship analysis revealed that the co-authorship network is discrete and has low-density, with a total
of 12,491 citations in all articles. Also, the most prolific author is Hjorland, followed by Smiraglia and Dahlberg.
using the co-word map of knowledge organization, policymakers can plan appropriately through the knowledge of
the research and thematic status of knowledge organization.
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1.0 Introduction

Today, one of the most validated methods for evaluating sci-
entific output is the use of scientometric indices, com-
monly referred to as the knowledge of measuring science,
which has emerged in the scientific community since the
late 1960s (Bookstein 1994).

Knowledge organization is about providing optimal con-
ditions for the identification and retrieval of documents or
parts of documents (Broughton et al. 2005). Guimaries de-
fines knowledge organization, the study and development
of the fundamentals and techniques of planning, construc-
tion, management, use and evaluation of systems of descrip-
tion, cataloguing, ordering, classification, storage, commu-
nication and retrieval of documents created by man to wit-
ness, conserve and transmit their knowledge and actions,
based on their content, in order to ensure their conversion
into information capable of generating new knowledge. He
believed knowledge organization to be a three-dimensional
science, as it deals with the principles, methods and instru-
ments put into action for the management of human know-
ledge from a triple perspective: its representation, its organ-
ization and its documental communication (Guimaries
2014).

Castanha and Wolfram (2018) believe the domain of
knowledge organization is in continuous development and
it is also a relatively autonomous, interdisciplinary space
that interfaces with other subject areas. They state that
knowledge organization is concerned with issues of a theo-
retical and methodological nature that contribute to the sys-
tematization, production, organization, dissemination, rep-
resentation and retrieval of information in different schol-
arly contexts.

Within information science, knowledge organization
stands as a mediator core between the production and use of
information (Guimaries et al. 2008) and configures a set of
processes that establish the mediation between knowledge,
that once produced is embodied and socialized in such a man-
ner that it can serve as a foundation for the following genera-
tion of new knowledge. What can be called a spiral flow of
information (Castanha and Wolfram 2018).

For Dahlberg (1993), the information needs to be orga-
nized to become knowledge. Also, the knowledge organiza-
tion should be based on knowledge units: established con-
cepts that do not work if isolated but do if related (Gouvéa
Meireles et al. 2014).

Knowledge organization, at least as it is practised within
the domain of library and information science, has been
largely (up to now) the province of the construction of tools
for the storage and retrieval of documentary entities. That
is, tools, such as catalogs, indexes, and databases, have been
constructed to allow the rapid manipulation of and retrieval
from large collections of surrogate records that represent

documents, which in turn represent recorded knowledge
(Smiraglia 2002).

Given the increasing volume and substantial production
of scientific information in various specialized fields, it is
difficult to review all scientific literature produced by ex-
perts. Therefore, the use of international indexes and data-
bases containing a significant portion of internationally
valid information can be the fastest way to access infor-
mation in any field (Hamidi et al. 2008). In this regard, Web
of Science Database research on the topic of “knowledge or-
ganization” has been analyzed from the beginning using sci-
entometrics and social network analysis software programs
including VOSviewer, Gephi, Publish or Perish.

Due to the importance of the subject, we decided to pur-
sue the following using scientometrics in this field:

1. A deeper analysis of this area
2. Extracting keywords and sub-categories of this field
3. Co-authorship

4. Provide value to stakeholders
2.0 Research background

With the advent and variety of scientometrics techniques, it
has become possible for researchers to explore the intellec-
tual structure of their preferred disciplines depending on
the method used (Lane 2010). In 1986, Callon et al. pub-
lished a book entitled Mapping the Dynamics of Science and
Technology: Sociology of Science in the Real World, which is a
prominent work in co-word analysis. Many researchers have
used this method to explore conceptual networks in various
fields of science.

As a systematized re-creation of a research process, bibli-
ometric studies can reveal snapshots of the perception of a
domain’s research patterns (Martinez-Avila et al. 2015).
Knowledge organization (KO) is about describing, repre-
senting, filing and organizing documents and document
representations as well as subjects and concepts both by hu-
mans and by computer programs.

KO has been defined as “the domain in which the order
of knowledge is both the primary paradigm for scientific in-
vestigation and the primary application in the development
of systems (Smiraglia 2002).

KO is a field of research, teaching and practice, which is
mostly affiliated with library and information science (LIS),
with KO understood in narrow senses, as well as in broad
senses. The narrow senses are, for example, the Knowledge
Organization Systems (KOSs) and Knowledge Organiza-
tion Processes (KOPs) which occur within LIS. The broad
senses are, for example, the conceptual systems, the social
fields, and the activity systems, existing or taking place, in
all spheres of society (Hjorland 2016).
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In KO the concept of a knowledge organization system
(KOS) is a generic term used for authority lists, classifica-
tion systems, thesauri, topic maps, ontologies, etc. (Hodge
2000). A KOS can be defined as a selected set of concepts
together with an indication of (some of) their semantic re-
lations (Hjorland 2013).

For these purposes, rules and standards are developed, in-
cluding classification systems, lists of subject headings, the-
sauri and other forms of metadata. The organization of
knowledge into classification systems and concept systems
are core subjects in KO. The two main aspects of KO are (1)
knowledge organization processes (KOPs) and (2) knowledge
organization systems (KOSs). Knowledge organization pro-
cesses are, for example, the processes of cataloging, subject
analysis, indexing, tagging and classification by humans or
computers. Knowledge organization systems are the selection
of concepts with an indication of selected semantic relations.
Examples are classification systems, lists of subject headings,
thesauri, ontologies and other systems of metadata.

The development of KO as a discipline for research and
teaching is mainly tied to the development of library and in-
formation science as a university discipline (or professional
school discipline), that is after 1850.

Some of the scientometrics research and knowledge or-
ganization using word co-occurrence, co-authorship, and
co-citation are listed in Table 1.

Knowledge organization and bibliometrics have tradi-
tionally been seen as separate subfields of library and infor-
mation science, but bibliometric techniques make it possi-
ble to identify candidate terms for thesauri, and to organize
knowledge by relating scientific papers and authors to each
other and thereby indicate kinds of relatedness and seman-
tic distance. It is therefore important to view bibliometric
techniques as a family of approaches to KO in order to illus-
trate their relative strengths and weaknesses. Using citation-
based methods as a complement or alternative to conven-
tional approaches to KO is thus not new in the bibliometric
community, but rather tends to be neglected by the KO
community (Hjorland 2013).

Whereas research in knowledge organization, as well as
in all other scientific areas, results in a dynamic context of
production and elaboration of knowledge, this context is
continuously transformed because of its practical applica-
tion and scientific communication (Castanha and Wolfram
2018).

There seems to be a need for more research on the co-
word analysis method in knowledge organization. There-
fore, this research aims to identify and map the knowledge
organization research field through co-word, co-citation
and co-authorship methods and to determine the efficiency
of this method in identifying and defining the scientific and
research priorities of this field.

3.0 Methodology

The fields of KO and bibliometrics have so far not had
much mutual contact but today bibliometric mapping is a
dominant method in the study of relations between re-
search fields. Bibliometrics (with altmetrics, informetrics,
scientometrics and webometrics) is an interdisciplinary
field with strong affiliations to LIS. This field developed
techniques for producing bibliometric maps based on co-ci-
tation analysis, bibliographic coupling, or by direct citation.
Such maps may serve information retrieval and are a form
of alternative or a supplementary approach to knowledge
organization (Hjorland 2016).

In this context, an analysis and assessment of scientific
production has become essential to creating instruments for
identifying behavior within a scientific field. This high-
lights the role of bibliometrics in making a significant con-
tribution by providing quantitative analyses of the commu-
nication processes, and of the nature and development of
scientific domains that allow an objective and broad view of
a scientific domain. Among the methodologies for evalua-
tion of science, bibliometrics stands out.

Scientometrics is one of the most important scales for eval-
uating scientific products. Macfas-Chapula (2004) argues
that “scientometric indices have become essential for the esti-
mation of the modern state (in line with the latest develop-
ments) of a particular subject for the scientific community.”
Scientometrics deals with, and overlaps with, bibliometrics
and information science interests. The terms bibliometrics,
scientometrics, and information science refer to the compo-
nent parts of studying the dynamics of the fields as reflected
in the production of their sources (Mooghali 2011). Scien-
tometrics can be defined as “the quantitative study of science,
communication in science, and scientific policy.” What be-
gan as Eugene Garfield's idea of creating an index to improve
information retrieval in the 1960s and led to the creation of
the Science Citation Index (SCI) soon became a new tool in
the empirical study of science (Leydesdorff 2015).

Van Ran (1997) believes that scientometrics research is
limited to quantitative studies of science and technology. It
aims at advancing knowledge, technology and science; it is
also about social and political issues. He divides the main
interests of scientometrics research into four intertwined ar-
eas:

1. development of methods and techniques for designing,
making and using quantitative indicators in important
aspects of science and technology;

2. development of information systems in science and tech-
nology;

3. thestudy of the interaction between science and technol-

0gys
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formation science 1996-2005: In-
troducing author bibliographic-
coupling analysis

ID | Article title Authors Year

Scientometrics and patent biblio- | V. Cavaller 2009 | The analysis of the life cycle allows the incorporation of qualitative considerations

metrics in RUL analysis (legal, contractual, physical, technical know-how, functional, economic) related to
the conduct of future technologies.

Global trend of open innovation ThuLeetal. | 2019 | A bibliometric approach was conducted to evaluate the global scientific outputs of

research: A bibliometric analysis open innovation based on literature in Social Science Citation Index (SSCI) data-
base from 2003 to 2017.

Major trends in knowledge man- Akhavan et 2016 | This study provides an overview of the knowledge management literature from

agement research: a bibliometric al. 1980 through 2014. It employs bibliometric and text mining analyzes on a sample of

study 500 most cited articles to examine the impact of factors such as number of authors,
references, pages, and keywords on the number of citations that they received.

A new method for automatically Lietal. 2015 | Itintroduces the definition of weighted co-occurring word pair and corresponding

constructing domain-oriented improved method of word co-occurrence analysis.

term taxonomy based on weighted

word co-occurrence analysis.

An application of co-word analysis | Mufioz- 2011 | This article presents an application of a bibliometric and visual study of the research

and bibliometric maps for detect- Leiva et al. carried out on a social science subfield, concretely the consumer behavior research

ing the most highlighting themes (CBR), from a longitudinal perspective (period 1966-2008).

in the consumer behavior research

from a longitudinal perspective

The domain of knowledge organi- | Castanha 2018 | Considering the importance of identifying and studying the science dynamics of

zation: A bibliometric analysis of and Wolfram KO in the context of information science, this study aims to analyze the most pro-

prolific authors and their intellec- ductive authors contributing to the journal Knowledge Organization over the period

tual space 1993-2016, along with the authors’ references and citations received. More specifi-
cally, this study performs a citation, co-citation a bibliographic coupling analysis of
the KO journal literature in order to verify the dynamics of the KO area using these
indicators. Also, researchers analyze the theoretical references and most useful
themes that have constituted this scholarly community. on this basis, Birger Hjor-
land was the most cited author, and was situated at or near the middle of each of the
maps based on different citation relationships.

The intellectual landscape of the Wang 2019 | This article aims to examine the intellectual landscape of the domain of culture and

domain of culture and ethics in ethics in knowledge organization (KO). A domain analysis was conducted on a cor-

knowledge organization: an analy- pus of 206 relevant papers using bibliometric methods such as author co-citation

sis of influential authors and analysis. The findings revealed a core group of influential authors consisting of Ol-

works son, Beghtol, and other influential KO researchers. The most prominent research
themes that constitute this scientific community have also been investigated by re-
viewing some fundamental concepts and influential works in the domain.

The Representation of Ethics and Martinez- 2015 | This paper describes and analyzes the results of our bibliometric analysis studying

Knowledge Organization in the Avilaetal the representation of ethics and KO in WOS and Library, Information Science &

WoS and LISTA Databases Technology Abstracts (LISTA) databases. The motivation of the study is to re-create
how an average or naive user might perceive the topic of knowledge organization
and ethics through the search results in these two common research tools. authors
aim to highlight how the omissions and insufticiencies of these databases provide an
incomplete picture when superficially researching these topics

Evolution of research activities Zhao and 2008 | Researchers updated the White and McCain (1998) study on information science

and intellectual influences in in- Strotmann for the years 1996-2005 (Hjorland, 2013). They found that Author Bibliographic

coupling analysis is an effective method for providing a realistic picture of current
active research within a research field, whereas Author co-citation analysis studies
the external and internal as well as recent and historical intellectual influences on the
field. Also, they stated When combining ACA with ABCA, it is possible to gain a
wide view of the intellectual structure of a research field.

4. investigating the cognitive and socio-organizational struc-
tures of scientific domains and development processes in

Table 1. Literature review in the field of scientometrics and knowledge organization.

relation to social factors (Mooghali 2011).

Understanding the impact of scientometrics on the devel-
opment of academic disciplines is a complex issue that is of
great importance. Its relevance is due to the recent trend to
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introduce numerical scales of scientific performance to eval-
uate research activities and facilitate comparison at different
levels, for example, among researchers, institutions, or the
media. These comparisons usually take the form of ratings
designed to “measure” the “quality” of universities, scien-
tists, scientific articles, and journals on a single scale. This
development also points to the methodological shift within
scientometrics, whose conceptual origins lie in an interpre-
tive analysis of scientific communication aimed at under-
standing the characteristics of the discourse of academic
publishing (Aistleitner 2018).

Social network analysis researchers understand networks
as sets of objects called “nodes” that are connected by one or
more relationships called “edge”. In the social sciences con-
text, nodes can be a wide range of social units such as indi-
viduals, groups, organizations, corporations, governments,
and countries (Buch-Hansen 2013). This applied research
has been conducted using common methods in the study of
scientometrics with techniques of co-word analysis, co-cita-
tion analysis, co-authorship analysis and social network
analysis. Articles in the field of knowledge organization in-
dexed in the Web of Science database from 1979 to 2022,
are analyzed in this research. For this reason, the word
“knowledge organization” was searched in the titles, ab-
stracts and keywords articles.

After retrieving records related to knowledge organiza-
tion, for co-word analysis, 1166 records were recovered. In
the next step, common words were examined using expert
opinions, and some words that had no domain-specific
meaning in the structure of their respective sciences, such as
history, model, quality and etc. were removed along with
country names like Brazil.

Next, keywords with a frequency of 5 and more were in-
cluded in the final analysis. It should be noted that different
studies using co-word analysis have used different thresh-
olds for inclusion of top keywords in the final analysis. For
example, Liu et al. (2012) limited their analysis to 66 key-
words that accounted for about 55% of the total frequency
(Liu et al. 2012). Other features of the co-word matrix net-
work such as centrality, density, weight, etc. were measured
using Gephi software to find out more about the study area.
In addition, in co-authorship analysis among the 2095
unique authors in knowledge organization research, it was
identified that 27 authors had participated in at least 5 stud-
ies. It was further observed in the co-citation analysis that a
total of 35,665 citations were made in all articles.

4.0 Findings
The results of 1166 articles obtained from the Web of Sci-

ence, which have been analyzed in the Publish or Perish soft-
ware, are as follows:

Metrics

2022-06-19 14:38:30 +0430
1979-2022

43(1979-2022)

Reference date:
Publication years:

Citation years:

Papers: 1166

Citations: 12491

Citations/year: 290.49 (acc1=349, acc2=178,
acc5=41, acc10=8, acc20=5)

Citations/paper: 10.71

According to the data, the total number of articles reviewed
on the subject of knowledge organization has been 1166
studies since the beginning, indexed in the web of science
database over the past 43 years, during which 12491 were
cited, i.e., 10.71 times per article and 290.49 citations per

year, which indicates the high quality of the research con-
ducted.

4.1 Research trend in the field of intangible assets

The results of the analysis of the studies show that the re-
search and development of scientific products in the field
of knowledge organization in the web of science database
has been very positive since the beginning, such that in the
last 10 years the growth rate of scientific products is 75% of
all research carried out from 1979 to 2022.

Among the most important channels of information ex-
change in scientific disciplines are the scientific journals of
each discipline. Therefore, identifying active and reputable
journals in any field is of particular importance. As shown
in Figure 2, a review of data related to the contribution of
each journal to the published articles indicates that “Nomos
Verlagsgesellschaft” has the largest number of articles and
research with 124 articles.

Figure 3 shows that about 77% of the studies were arti-
cles.

4.2 Word analysis

4.2.1 Keywords in the field of knowledge
organization

As noted, for the purpose of co-word analysis, by placing in-
clusion thresholds on keywords that have been repeated at
least S times, 177 frequent keywords were identified, of
which, after eliminating irrelevant items, 92 remained to be
included in the final analysis. The keywords are shown in Ta-
ble 2 along with the degree and weights obtained. “Classifica-
tion” has the highest number of connections, indicating the
closeness to the knowledge organization concept. After “clas-
sification”, “knowledge” and “ontology” have gained the
highest weight in the word co-occurrence network.
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Figure 1. Papers from 1979 to 2022.
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Figure 2. Contribution of each publisher to research.
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Figure 3. The percentage of the types of research.

Label In degree d?gurtee Degree Label Weilg:;trzc: in Weigl:;:eout Weighted degree
classification 4 68 72 classification 10 332 342
knowledge 32 28 60 knowledge 91 107 198
ontology 33 18 51 library 129 24 153
library 33 16 49 ontology 95 32 127
xgnimongens | 5 | 2| 7 e 52 66 125
semantic web 31 7 38 orgmlif;ﬁiiiems 60 45 105
information science 8 29 37 semantic web 73 22 95
framework 19 18 37 domain analysis 9 82 91
epistemology 8 27 35 epistemology 19 56 75

Table 2. Keywords co-occurence network analysis.

4.2.2 The most frequent keywords

Words such as classification, knowledge, library, ontology,
and information science were highly frequent in the present

study (Table 3).

4.2.3 The most related words

The important “centrality or degree criterion” index is re-
lated to the number of edges that each node in a network is
associated with. Therefore, the degree criterion deals with
the role of each node in the network. In networks with di-
rected edges, in-degree is the number of edges a node re-

ceives, while the out-degree is the number of edges that each
node sends out. The higher the node's in-degree (especially,
compared to the nodes that have a high level of in-degree),
the stronger or more important the node will be (Scott
2011). Table 4 shows the keywords with the highest degree
and, as is evident, classification and knowledge hold highest
degrees.

4.2.4 Mapping co-occurrence

We used social network analysis techniques to interpret sci-
entific maps. Because scientific maps have a structure simi-
lar to social networks (Guns et al. 2011). After modifying
the network and eliminating unrelated nodes such as coun-
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Keyword Occurrences | Total link strength
classification 137 564
knowledge 100 362
library 53 235
ontology 57 197
information science 53 191

Table 3. The most frequent words in the co-occurrence network.

Label Degree | Weighted degree
classification 72 342
knowledge 60 198
ontology 51 127
library 49 153
knowledge organization systems 47 105
semantic web 38 95
information science 37 125

Table 4. Words with high degree centrality.

\

( & VOSviewer J

Figure 4. Word co-occurrence map.

tries, methodology related concepts, and so on, the final co- VOSviewer software (Figure 4) and degree rank (Figure 5).
occurrence map was drawn. The map of concepts related to VOSviewer software assigns each keyword a density based
knowledge organization arising from the keywords of the on frequency, and words with higher frequencies based on

research are drawn in the general form of word density using co-word analysis will have more densities. The purpose of
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Gephi software is also to study the correlation of node prop-
erties and network construction using visual patterns. Social
network analysis metrics such as node degree or between-
ness can be used for better computation and visualization.

The longest path in the network, or network diameter, is
4 and the average distance of two nodes is calculated 1.79.
The diameter of the network is measured by the distance of
the longest paths in the network with the distance of the
shortest paths (in terms of number of edges or connections)
between two nodes. The shorter the network diameter, the
faster the communication speed will be (Cheong and Cor-
bitt 2009), and in the present network each two words can
be connected through four intermediaries.

4.2.5 Co-ocurence network analysis

There are various indicators for word co-occurrence network
analysis that can be applied to scientific maps. For example,
the size of the network is determined by the number of nodes
and the density of the network by the number of edges in the
network. Centrality is one of the important indicators in net-
work analysis. This index refers to the position of specific
nodes within the network and its types are closeness, be-
tweenness and degree centrality. Degree centrality is the sim-
plest type of centrality is the value of each node obtained by
counting the number of its neighbors. The number of neigh-
bors is obtained based on the edges to which the node is con-
nected. In a word co-occurrence network, the more centrality
degree a word has, the more communication and network it
has and the more effective it will be. Closeness centrality is
based on the concept of distance and path length. In a net-
work, vertices that have the least distance to all other vertices
have a higher closeness centrality (Degenne and Forsé 1999).
In the present study, closeness centrality is the words that link
with the least distance (least number of edges) to other words.
betweenness centrality also indicates the importance of the
node in terms of its location on the map and in terms of in-
formation transmission over the network. Map analysis
shows that there are 92 nodes and 907 edges in this map. Be-
cause the number of edges is more than nodes, the network is
therefore continuous.

4.2.6 Centrality

The centrality of the network nodes can be studied by using
the three indices of degree, betweenness and closeness. The
degree centrality for each node in the network is equal to the
sum of the edges entering the node, and closeness is the av-
erage length of the shortest paths between that node and the
other nodes in the network. Betweenness refers to the num-
ber of times that a node is placed on the shortest paths be-
tween each two nodes in the network (Opsahl et al. 2010).

4.3 Degree centrality

Centrality is one of the network metrics or indicators that is
useful in analyzing the structure of entire networks and
node positions in the network. It measures the number of
edges going in or out of a node in a network. The degree
centrality is the number of edges a node shares with other
nodes in the network. A subject with the most edges has the
highest degree and is the most centralized node (Brédka et
al. 2011). Degree centrality can facilitate or prevent the flow
of resources between nodes in the network (Estrada and Ro-
driguez-Velazquez 2005). As shown in Figure 4, two nodes
or keywords are connected if they share at least one com-
mon co-occurrence in this network. The size of each node
represents the degree centrality index or the number of co-
occurrences of that node with the other nodes in the net-
work. Moreover, the more the co-occurrence of two nodes,
the greater the diameter of the link between the two nodes
and the bolder the lines that connect them. In the present
network, after the keyword of the knowledge organization,
the keyword classification has the highest degree centrality,
which actually represents the second highest number of
connections with other nodes.

4.3.1 Betweenness centrality

Betweenness centrality as a node compatibility feature indi-
cates the importance of the node in terms of its position on
the map and in terms of information on the network. The
betweenness centrality index is calculated based on the po-
sition of people in the network. The node that has the high-
est betweenness centrality is in the middle of a large number
of other nodes and the edges connecting other nodes pass
through it. These nodes have the power to isolate and en-
hance communication (Newman 2005). Analysis of be-
tweenness shows that most keywords have a betweenness of
less than 100, except for 6 nodes.

Based on betweenness analysis, results shown in table 5
are the most important subjects in information transition in
the network. In other words, these subjects are considered
to be interdisciplinary in relation to the field of knowledge
organization. Table 5 shows keywords with highest be-

tweenness centrality.
4.3.2 Closeness centrality

How fast an entity on the network can access more entities
on that network is explained by closeness. An entity with
higher closeness generally has the following characteristics:
It has quick access to other entities on the network; it has
ashort path to other entities; it is close to other entities; and
it has a high visibility about what is happening on the net-
work (Visualizer 2009). Closeness is calculated based on the
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Label

Betweenness centrality

knowledge

208.49

classification

168.78

ontology

149.30

library

133.27

framework

96.22

information science

78.71

epistemology

76.58

information retrieval

68.37

Table 5. Words with highest betweenness centrality.

Label

Closeness centrality

taxonomy

1

SKOS

1

subject access

1

standards

1

library and information science

1

ontology

0.95

semantics

0.916667

classification

0.909639

Table 6. Keywords with highest closeness centrality.

geodesic distance. It measures the distance a node has from
other nodes. This index represents the availability (Frank
2002). According to the network, most nodes are close to
one another and have a closeness between 0 and 1, which
allows information to spread very quickly across the net-
work.

According to calculations, topics like taxonomy, SKOS,
subject access, and standards have the highest impact and
the closeness centrality. In fact, such nodes are less distant
from all other nodes and are, on average, closer to all nodes,
and in fact these nodes are more robust in the network
(Crucitti et al. 2006; Okamoto et al. 2008). Table 6 shows
the keywords with the highest closeness centrality:

4.3.3 Co-occurrence network density

Density is one of the indicators used to check the degree of
network cohesion. Network density can be defined as a set
of edges that connect nodes to each other and prevent the
network from breaking (Faust 2006). Regarding network

cohesion, it can be stated that if the interconnection be-
tween the nodes or the number of edges between the nodes
is low, the network has low cohesion and there will be many
holes in the network. In this case, the network will be dis-
crete and information flow will be very slow. Conversely,
when there is a high number of edges between the nodes and
the holes in the network are few, the network is continuous
(Faust 2006; Kohler et al. 2001). Analysis of word co-occur-
rence shows that the network has relatively low cohesion
due to its density, which is 0.108. This density indicates that
only 10.8% of the potential internal communications in the
network is realized. In other words, the number of edges
available in the network can be relatively low, resulting in a
slow information flow.

The network density also determines the ratio of the
number of connections available to the number of connec-
tions possible in the network. The co-word density map
shows in Figure S.
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Figure 5. Density based word co-occurrence network.

4.3.4 Hub

Network elements can be categorized into different classes
through their participation in the network. For example,
they are classified according to the way they communicate
with other components of the system. One of the important
distinctions that can be made based on their effect is the po-
tential effect they have on the overall system and their capac-
ity to transmit or process information. High-impact nodes
are often referred to as hubs. Identification of hubs is
needed to map the different areas that are most interopera-
ble and contribute to system integration. One issue to note
is that nodes that have high connections also have a greater
shareability factor. The high degree of centrality and their
relevance as well as their high degree of interconnectedness
in structural communication indicate that they play a vital
role in the integration of processes and information flows
(Franks et al. 2008).

Nodes that act as hubs and connect many nodes. Table 7
shows that nodes of classification, knowledge and frame-
work are the largest network hubs.

4.3.5 Cluster analysis

Clustering means categorizing objects in collections with-
out supervision and interference. In this way, clusters are

not predetermined and cluster labels are not available. Clus-
tering refers to finding a structure within a set of unlabeled
data; it is said to be a collection of data-points that are simi-
lar to one another (Jain et al. 1999). Classification and clus-
tering are different. In a classification, you assign an object
a predefined class; but in a cluster, there is no knowledge of
the classes within the data, and the data itself is the source
of clusters (Omran et al. 2007). Consequently, after per-
forming clustering, an expert should interpret the clusters,
and, in some cases, it may be necessary to reconsider some
of the parameters after clustering. These are the parameters
included in the clustering task but are irrelevant or of little
importance and are therefore eliminated and clustering is
performed again (Edelstein 1999).

Cluster analysis was performed using Gephi and 3 clus-
ters of topics were identified and clustered by experts. The
“knowledge organization” cluster is the largest cluster with
47 points and contains clusters related to classification and
knowledge.

The clustering results in Table 8 show the number of
clusters, their naming and the percentage of concepts pre-
sent in each cluster. The clustering shows the automatic
structuring of the concepts, and the concepts within each
group are the most similar, and all 3 clusters have the least
intra-group differences and the maximum inter-group dif-
ferences. In the “knowledge organization” cluster, for exam-
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Label Hub
classification 0.359352
knowledge 0.230165
framework 0.217609
design 0.208714
epistemology 0.197774
information science 0.18846
domain analysis 0.185167
knowledge organization systems 0.172003
information retrieval 0.159092

Table 7. Main hubs of word co-occurrence network.

Network attributes

A h
verage pat Nodes Average clustering coefficient Edge
length
1.794 92 0.284 07

Share of network Number of nodes Cluster #
51% 47 knowledge organization 0
25% 23 knowledge organization systems 1
23% 22 ontology 2

Table 8. Network attributes.

ple, the concepts of classification, knowledge, categoriza-
tion, and library are like most closely related.

The clustering coefficient shows how much the key-
words tend to create co-occurring clusters. The clustering
coefficient is always a number between zero and one (Mi-
guel etal. 2012). A mean of 0.284 for clustering coefficients
for keyword clustering was obtained which indicates that
the vocabulary is not randomly formed in a cohesive net-
work, and the coefficient estimates the tendency of network
nodes to communicate with each other and form clusters.
Moreover, the average distance of the network nodes was
1.794, which indicates the closeness of the nodes and the
density of the network.

4.3.6 Authors and co-authors (co-authorship)

There are 2095 unique authors in the knowledge organiza-
tion area. This is obtained from all of the knowledge organ-
ization research since the beginning which is indexed on the
web of science database (Figure 6).

The co-authorship network of authors contributing at
least 3 works has 28 nodes and 44 edges, indicating a low co-
authorship.

By computing the co-authorship network density of
knowledge organization network, the value obtained was
0.058. The network density shows the number of edges
available in the network in relation to the number of possi-
ble edges. Network density is a number between 0 and 1.
The closer a number is to 1, the more inter-node connec-
tions there are in a network. The higher the density of a net-
work, the more nodes are connected and the closer they are
(Mrvar and Batagelj 2016). Overall, the obtained number
indicates that the co-authorship network is discrete and has
alow density.

There were 355 single author studies, 278 two-author
studies, 160 three-author studies, and the rest of studies
have higher author numbers. Careful analysis of the num-
ber of authors per article indicates that the dominant au-
thoring pattern in knowledge organization research is col-
lective, and only about 35% of the articles have a single au-
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Figure 6. Co-authorship map.

thor, confirming that scientific and research papers and re-
ports are mostly the result of the work of multiple authors
(Andrés 2009), and that the academic work is increasingly
the result of teamwork (Posner 2009). The network of co-
authorship is shown in Figure7.

Table 9 indicates the most prolific author is Birger Hjor-
land, followed by Smiraglia and Dahlberg. Also Birger Hjor-
land was named as the author with the most cited article,
“What is Knowledge Organization (KO)?” (2008) with 93
local citations.

5.0 Conclusion

In this study, using Social Network Analysis (SNA) and sci-
entometrics based on articles indexed in the Web of Science
database on knowledge organization since the beginning, it
was attempted to identify the conceptual structure of this
area and to map knowledge maps, thematic trends, and au-
thoring trends in this domain.

In order to gain a deeper understanding of the know-
ledge organization domain, firstly, it is necessary to identify
the various research papers written in this regard and iden-
tify the underlying issues of knowledge organization by ex-
amining the subject distribution. We have identified the
dominant trends in this area and analyzed research on
knowledge organization from the beginning to the present.

The results of this study indicate the importance of con-
cepts such as classification and information science that
were confirmed by studying the literature on these issues.

Drawing scientific maps of knowledge organization con-
cepts based on research conducted in this area is another re-
sult of this research. Keywords such knowledge, classifica-
tion and ontology are obtained as nodes with high degrees
of betweenness in the network. These nodes are very im-
portant and facilitate the formation of communication and
information flow between the knowledge organization and
other domains. Concepts such as knowledge, classification,
ontology, library, framework, information science, episte-
mology and Information retrieval have the highest degree of
centrality in word co-occurrence network.

Investigating the word co-occurrence network shows
that the network has relatively low cohesion due to its den-
sity of 0.108, and the keywords knowledge organization,
knowledge, classification as the most important co-occur-
ring network hubs are highly connected to the other nodes,
and facilitate communication with other nodes.

The findings also showed that “Nomos Verlagsgesell-
schaft” published the largest number of articles in this field.

Analyses such as word co-occurrence analysis are able to
answer questions such as: which topics are more focused on
by the scientific community? What are the different fields
and subfields of science? And what evolution have they
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Figure 7. Map of co-authorship communications using Gephi software.

Author

Documents

Hjorland B

33

Smiraglia RP

31

Dahlberg I

28

Martinez-Avila D

21

Guimaraes Jac

17

Gnoli C

15

Tennis J

10

Table 9. Prolific authors in the field.

gone through? And what topics will probably be in the fore-
front of scientists’ attention in the near future? The results
of this study show that knowledge organization is closely re-
lated to important categories such as knowledge organiza-
tion systems, information science, domain analysis, catego-
rization, information organization, ontology and infor-
mation retrieval.

Although social network analysis (SNA) research itself
does not provide suggestions, it can be helpful in under-
standing the current situation and guiding scientific trends
in knowledge organization. The present study helps re-

searchers to explain the process of studies and policy making
in this area based on the identified areas of influence.
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