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Abstract

Purpose — The purpose of this paper is to examine publication characteristics and dynamic evolution of the
Industrial Management & Data Systems (IMDS) over the past 25 years from volume 94, issue 1, in 1994
through volume 118, issue 9, in 2018, using a bibliometric analysis, and identify the leading trends that have
affected the journal during this time frame.

Design/methodology/approach — A bibliometric approach was used to provide a basic overview of the
IMDS, including distribution of publication and citations, articles citing the IMDS, top-cited papers and
publication patterns. Then, a complex network analysis was employed to present the most productive,
influential and active authors, institutes and countries/regions. In addition, cluster analysis and alluvial
diagram were used to analyze author keywords.

Findings — This study presents the basic bibliometric results for the IMDS and focuses on exploring its
performance over the last 25 years. And it reveals the most productive, influential and active authors, institutes
and countries/regions in IMDS. Moreover, this study detects the existence of at least five different keywords
clusters and discovers how themes have evolved through the intricate citation relationships in Z/MDS.
Originality/value — The main contribution of this paper is the use of multiple analysis techniques from a
complex network paradigm to emphasize the time evolving nature of the co-occurrence networks and to
explore the variation of the collaboration networks in the ZMDS. For the first time, the evolution of research
themes is revealed with a purely data-driven approach.

Keywords Literature review, Citation analysis, Bibliometric, Industrial Management & Data Systems
Paper type Literature review

1. Introduction

The Industrial Management & Data Systems (IMDS) is an international journal that
explores and applies the potential of new technologies to all aspects of management
activities such as marketing, management information systems, operations management,



business strategy, innovation, organization behavior, business process management and
supply chain management. IMDS is published by Emerald and included in the Journal
Citation Reports of Thomson & Reuters Web of Science (WoS). The major aims of IMDS
are: to provide cross-disciplinary research in the areas of operations management and
information systems, to study different range of information systems development
and usage in businesses, to promote awareness of new technology and related concepts
and their implications in business and to disseminate knowledge for improving operations
management practice and to improve the theoretical base necessary for supporting sound
management decisions.

In 2014, Professor Hing Kai Chan and Professor Alain Yee Loong Chong, both from the
University of Nottingham Ningbo China, became the Editor-in-Chief and they are still
leading the journal now. Today, the journal is a leading international peer-reviewed
scientific journal focusing on topics treating the interface between operations management
and information systems. In 2017, IMDS had an impact factor of 2.948 and was ranked in
the 11th position out of 44 journals in the WoS category of Engineering, Industrial. The
journal also appeared in the WoS category of computer science, interdisciplinary
applications in the 26th position out of 105 journals.

In the literature, it is very common to conduct a bibliometric overview of the journal
because it gives some general and historical results that permit a retrospective evaluation
(Ghadimi et al, 2019). Such bibliometric reviews are especially welcome when the journal
reaches an important milestone. Van Fleet ef al (2006) performed a study on the first 30
years of the Journal of Management. Laengle et al. (2017) studied the evolution of the
European Journal of Operational Research over 40 years of existence. Cancino et al. (2017)
provided the retrospective evolution of Computers & Industrial Engineering between 1976
and 2015 to celebrate its 40th anniversary. Wang et al. (2018) presented a general overview
of the International Journal of Logistics Research and Applications from 1998 to 2017 by
using a bibliometric analysis in commemoration of the 20th anniversary of the journal.
Jiet al. (2018) studied the evolution of the Resources Conservation and Recycling over the past
30 years. Such analysis and information present an added value for the journals. To the best
of our knowledge, bibliometric analysis has not yet been applied to analyze the development
and evolution of IMDS.

Therefore, as an expansion of the previous studies, the main purpose of this study is to
provide a general overview of IMDS journal over the past 25 years through bibliometric
analysis since it was indexed by WoS from 1994 to now (2018). The main objective of this
paper is to reveal the contribution of IMDS to scientific research and its most influential
thematic work in operations management and information systems. This bibliometric study
addresses the following research questions:

RQI. What are the distributions of publications and citations across the time period?
RQ2. Which journals are citing IMDS articles?

RQ3. Which are the top-cited papers of the IMDS?

RQ4. What are the publication patterns of the IMDS?

RQ5. Who are the most productive, influential and active authors, institutes and
countries/regions?

RQ6. What is the evolution of themes in the IMDS?

This work justifies IMDS’s contribution to the cross-disciplinary research in the areas of
operations management and information systems, and support strategic decisions for
potential authors, readers and journal editors. The remainder of the paper is structured as
follows. Section 2 describes the data sources used in the analysis, and briefly reviews the
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bibliometric methodology and topological parameters for a complex network. Section 3
presents the basic bibliometric results for the IMDS and focuses on exploring its
performance over the last 25 years. Section 4 reveals the most productive, influential and
active authors, institutes and countries/regions by using the citation analysis and
co-occurrence networks. Section 5 detects the author keywords clusters and discovers the
evolution of research themes in IMDS. Concluding remarks are summarized in Section 6.

2. Database and methodology
2.1 Database
Industrial Management & Data Systems appeared online in Emerald Publishing from
volume 80 issue 9 in 1980 and was indexed by the WoS database from volume 94, issue 1, in
1994. Compared with Scopus and Google Scholar, WoS is recognized with the highest
quality in the three major bibliometric databases (Jacso, 2005). To guarantee a similar
high-quality level for the papers, this paper only studied the publications from 1994 (volume
94, issue 1) to now (2018, volume 118, issue 9). A total of 1,668 articles were retrieved with
six different document types. There were 1,616 research articles comprising 96.88 percent of
the total production, followed by book reviews (24; 1.44 percent), editorials (12; 0.72 percent),
erratum (9; 0.54 percent), publisher’s notes (4; 0.24 percent) and awards for excellence
(3; 0.18 percent). It is likewise worth highlighting that only “research articles” were taken
into consideration; that is, only research papers were subject to a peer review process.
From these 1,616 articles, we extracted the title of publication, authors, institutes,
countries/regions of origin, author keywords associated with the publication, year of
publication, volume and issue of the journal and built a database in Microsoft Excel 2013. It
is noted that, for convenience’s sake, People’s Republic of China is shortened to Mainland
China, Hong Kong Special Administrative Region of the People’s Republic of China is
shortened to Hong Kong, and Taiwan, China is shortened to Taiwan in this study. For the
number of citations, WoS was used to collect citations in October 2018. The results give a
picture of the current situation, but may change over time, particularly for the most recent
publications for which impact may still be growing.

2.2 Bibliometric methods
Bibliometric methods use bibliographic data from publication databases to construct
structural images of scientific fields (Zupic and Cater, 2015). They are also effective ways to
describe, evaluate and monitor published research in a journal. Bibliometric methods have
traditionally been divided into two categories according to whether they yield activity or
relationship indicators. The former provide the data relating to the force of impact or
strength of influence of research efforts, while the latter trace the links and interaction
between different researchers and different fields of research (Ramos, 2004).
Co-occurrence network analysis based on graph theory can be adapted to map the
relationships between various nodes and detect the network structure (Boccaletti ef al,
2006). In the bibliometric mapping, a node can be an author, an institute, a keyword or even
a country/region, where links can take the form of authorship. The co-occurrence network
can be also used to discover the scientific collaboration relationship and the status of
individual researchers. Several software packages have been developed, such as UCINET®,
Pajek®™, VOSviewer™ or Gephi®, which are able to construct a large co-occurrence network
by means of, for example, zoom functionality, special labeling algorithms, and density
metaphors (Van Eck and Waltman, 2009). In this study, Gephi® was used to visualize and
represent these networks. It can deal with large networks (ie. over 20,000 nodes) and,
because it is built on a multi-task model, it takes advantage of multi-core processors
(Bastian et al.,, 2009). The program is freely available to the bibliometric research community
(see https://gephi.org).


https://gephi.org

2.3 Basic topological parvameters for complex networks

For a network G(V, E) with vertex number N, and edge number N,, the following topological
parameters can serve as tools to capture its basic topology structure. The network density
p can be defined as the ratio between the actual edges and the total possible edges.
The network information can be presented as a matrix representation of a graph. A network
will be fully determined by its NxN adjacency matrix A, where each entry a,(;,j =1, 2, .., n)
is equal to 1 when there is a link between nodes 7 and 7, and zero otherwise. Also, any
element ¢;; can assume other non-zero values representing the weight of the edge between
7 and j in a weighted network.

2.3.1 Node (weighed) degree, (weighed) degree distribution and heterogeneity. The degree
of a node 7 is denoted as k;, which is the number of edges connected with the node. In the
context of co-occurrence network, the degree means the number of collaborators, ie., the
number of co-authors, institutes and countries/regions that collaborate with a specific
researcher, institute or country/region. For a weighted network, the weighed degree or the
strength of the node 7 is denoted as s;, which refers to the collaboration strength (number of
papers) between two researchers, institutes or countries/regions. The degree is defined in
terms of the adjacency matrix A, k; = Zje v@;. Then, the average degree is defined as the

mean value of the degree sequence of a network: K = (k) = 1/N, x Zje ki

Usually one can use the degree distribution of a network to characterize the overall
connectivity of the network. The degree distribution P(k) is defined as the probability that
a node — chosen uniformly at random from the set of all nodes — has a degree k.
The distribution P(%) is also related to the fraction of nodes that having degree % in the
network. It is found that the degree distributions of many real-world networks are very
heterogeneous. The heterogeneity of the degree distributions reminds us of the similarity
between these networks and the scale-free network, which is the state-of-the-art model in
network science for the interpretation of the power law distribution of many real-world
networks. The scale-free network can be characterized by a single parameter — the power
law exponent. But in many real situations, we cannot determine the power law exponent
since many heterogeneous networks are not exactly in the scale-free class. Thus, here we
adopt the heterogeneity index proposed in Estrada (2010), which is defined by the
following equation:

()2
H = N—ZM. 1
N-2JN-1

2.3.2 Shortest path length and diameter. Shortest path length is a metric that has a decisive
influence on the communication performance of a network. The shortest path length
between two nodes ¢ and j is denoted as dj;, and it is the shortest path to reach j from 7 or vice
versa. The maximum shortest path length between all couples of nodes is the
so-called diameter of a network, represented by Diam(G). The average shortest path
length of the whole network is also known as characteristic path length, which is defined as
the mean geodesic distance between all couples of nodes:

sz e N2 i

L= N(N-1)

@

2.3.3 Clustering coefficient. The clustering coefficient is also known as transitivity
that can quantify the connectivity among the neighbors of a node. If two nodes
have a common connected node, they are more likely to be connected with each other.
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It can be defined as the ratio between the number of triangles and the number of connected
triples of nodes:

_ 3 x (No. of triangles in G)
" No. of connected triples of vertices in G’

®)

An alternative local definition for each node ¢ was proposed by Watts and Strogatz (1998).
It is defined as the ratio between the number of edges ¢;, related to the subgraph G; of the
neighbors of node 7, and the maximum possible number of edges in G;:

2¢; i m Qi AimAmi

¢ = €; — Z],m =y (4)
ki (fe;i—1) k(i —1)

Thus, the clustering coefficient of the whole network is then given by the average of c;:
€ = (¢ = 2, ®)

N

2.3.4 Assortativity. The assortativity of a network is a metric that depicts the correlation
between nodes that have similar characteristics, such as degree, strength or any other
values that are vertex specified. Here, we use the degree assortativity proposed by Newman
(2002). The degree assortativity coefficient is defined as follows:

1 .
rq = ?Eik (en—ajar). ©)

4k

where g, = (k+1)pp11/> jp; is the distribution of the remaining degree and
ol = Sk a— [Zkqu]Z represents its variance.
The assortativity is normalized in the range [-1, +1]. A positive value means nodes with

similar degree connect preferably. A negative value means the network is disassortative, i.e.,
nodes with low degree tend to connect with highly connected nodes.

3. Basic bibliometric analysis

3.1 Publications and citations across the time period

Since the first publication in 1994, the number of total articles published in IMDS is 1,616. In
the 1990s, the number of articles published was around 38 per year. In the 2000s, the number
of articles published increased to around 65 per year. After 2010, the number of articles
published increased to around 80 per year, as shown in Figure 1.

There are several approaches to measure the influence and impact of papers. One of the
most straightforward methods is to determine the number of citations for an article.
However, one of the drawbacks of this method is that, typically, older papers are expected to
have higher citation rates. In addition, the articles’ electronic accessibility also plays an
influential role. Allowing for these initial limitations, it was decided to evaluate the papers
on citation count. Figure 2 shows the number of citations of all the articles received per year.
As illustrated, most citations occurred from 2000 to 2012, totaling 82.31 percent of all
citations. In the 2000-2012 date range, 1,638 is the average number of citations per year.

Next, let us consider the annual citation structure of IMDS. To do so, we examine several
specific citation thresholds to establish the number of articles published in each year that
have exceeded each of the respective thresholds. In Table I, we present the results.
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Table I shows that the journal is able to maintain an impressive level of citations over
the past 25 years, with each paper having 16 citations on average. Obviously, the
contributions from recent years still need some time to catch up. It is worth noting that
most of the highly-cited papers have been published from 2000 to 2007. Around 1.67
percent of the papers have received one hundred citations or more. Around 63.92 percent
of the papers received at least five citations, and 88.43 percent have received at least one
citation. In total, the journal has received 26,000 citations since the journal was indexed in
the WoS database from 1994.

3.2 Analysis of articles that cite the IMDS
Another interesting topic is to track where IMDS is cited. This criterion can reveal the
spreading of IMDS’s academic influence. As depicted in Section 2, we use the citation report
provided by WoS to conduct the analysis in this section. Table II presents the 25 journals,
years, institutes and countries/regions that have most articles citing IMDS.

IMDS is the journal with the highest number of articles citing IMDS. This finding is not
surprising and quite logical as the material appearing in IMDS tends to influence future
research in the same journal. The International Journal of Production Economics,
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Table 1.
Annual citation
structure of IMDS

Year  >100 »50 20 310 >5 >1 TP TC TCTP IF
1994 0 0 1 2 10 30 36 140 389 -
1995 0 0 2 4 9 27 33 147 445 -
1996 0 0 1 4 13 31 34 173 509 -
1997 0 0 1 6 17 34 42 211 502 -
1998 0 2 7 13 21 35 40 413 1033 -
199 1 1 7 14 24 33 40 573 14.33 -
2000 4 8 18 27 34 45 46 1304 2835 -
2000 2 6 21 32 43 50 51 1251 2453 -
2002 1 8 2 37 44 51 52 1374 2642 -
2003 2 7 27 50 58 65 65 1668 2566 -
2004 3 9 29 54 60 70 70 1839 2627 -
2005 4 17 28 57 66 72 72 2523 3504 -
2006 2 1 38 54 66 69 73 2064 2827 -
2007 4 7 33 57 68 72 72 2145 2979 -
2008 0 7 29 50 66 72 72 1596 2217 0945
2000 1 9 28 50 59 71 72 1665 2313 1535
2010 1 9 2 44 64 71 72 1528 2122 1569
2011 1 2 20 39 62 72 72 1374 1908 1472
2012 0 1 15 36 58 67 67 959 1431 1674
2013 0 0 6 26 46 67 70 644 920 1345
2014 0 0 8 28 58 77 81 716 884 122
2015 0 1 9 19 48 74 79 687 870 1278
2016 1 2 4 12 33 84 93 688 740 2205
2017 0 0 0 1 6 75 123 167 136 2948
2018 0 0 0 0 0 15 89 18 020 -
Total 27 107 383 716 1,033 1,429 1616 2587 1601

% 167 662 2370 4431 63.92 8843

Notes: TP is total number of publications; TC is total number of citations; TC/TP is number of cites per
publication; % is percentage of publications. IF is impact factor, which is obtained from annual Journal
Citation Reports

International Journal of Production Research and Journal of Cleaner Production cite IMDS
frequently, with 281, 279 and 190 articles, respectively. In general, operations management
journals are prominent although some general management journals also have respectable
figures for their IMDS cites.

With respect to different countries/regions, USA, Mainland China and UK are
unsurprisingly the countries/regions that cite /MDS the most. However, some unexpected
countries/regions appear in very good positions including Taiwan in the fourth position and
Malaysia in fifth. With respect to contributing institutes, The Hong Kong Polytechnic
University is the one with the highest number of publications citing IMDS, following by
Universiti Teknologi Malaysia and Indian Institute of Technology Delhi.

3.3 Top-cited papers across the time

Since its first publication, IMDS has published many influential cross-disciplinary articles in
the areas of operations management and information systems. Table III provides a list
resulting from the citation analysis of the documents most often cited research papers
published in IMDS during the period analyzed. It is noted that in inter-country/region
collaboration column, the sub-column A denotes the internationally collaborative
publication, which means the article was co-authored by researchers from more than
one country/region and sub-column B denotes single country publication, indicating that the
researchers’ affiliations were from the same country/region. In the cross-institute



Country/

R Journal TP Year TP Institutes TP region TP
1 Industrial Management & Data Systems 978 2018 1,706 Hong Kong Polytech University 271 USA 2,377
2 International Journal of Production 281 2017 2227 University Teknologi Malaysia 189 Mainland 1,877

Economics China
3 International Journal of Production 279 2016 2,020 IIT Delhi 161 UK 1,369
Research
4 Journal of Cleaner Production 190 2015 1,769 Islamic Azad University 143 Taiwan 1,136
5 Expert Systems with Applications 187 2014 1,145 University Malaya 140 Malaysia 1,073
6 Computers in Human Behavior 164 2013 989 City University of Hong Kong 133 Spain 1,006
7 Sustainability-Basel 149 2012 927 University Sains Malaysia 130 India 822
8 International Journal of Operations & 143 2011 896 State University of Florida 123 Australia 788
Production Management
9 Product Plan Control 133 2010 771 University of North Carolina 122 South Korea 572
10 Procedia — Social and Behavioral Sciences 118 2009 753 University of Granada 111 Canada 488
11 Supply Chain Management 110 2008 597 National Cheng Kung 108 Germany 477
University
12 Total Quality Management and Business 110 2007 422 Louisiana State University 102 Iran 420
Excellence
13 Journal of Computer Information 100 2006 298 University Utara Malaysia 101 Italy 399
Systems

14 Journal of Knowledge Management 96 2005 225 University Teknologi Mara 96 Brazil 389

15 International Journal of Information 92 2004 170 University of Texas 94 Turkey 388
Management

16  International Journal of Mobile 86 2003 115 Brunel University 90 Finland 360
Communications

17 Benchmarking 85 2002 49 Monash University 90 Sweden 313
18 Lecture Notes in Computer Science 85 2001 32 Multimedia University 89 Portugal 261
19 Industrial Marketing Management 80 2000 22 University of Tehran 88 France 245

20 Information and Management 78 1999 16 University of Georgia 88 Greece 234

21 Journal of Business Research 78 1998 11 University of Massachusetts 86 Netherlands 229

22 Advanced Science Letters 76 1997 4 University of Sevilla 80 Indonesia 196

23 African Journal of Business Management 76 1996 3 Cardiff University 75 South Africa 196

24 Internet Research 71 1995 2 Pennsylvania State System of 77 Poland 192

Higher Education
25 The International Journal of Logistics 69 1994 0 University of Sdo Paulo 76 Thailand 189

Management
Note: R means rank
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Table II.
Number of studies
citing IMDS

collaboration column, sub-column C denotes inter-institutionally collaborative publication,
which means the authors were from different institutes, and sub-column D denotes the
single institute publication, indicating that the researchers were from the same institute. The
descriptive study of the aforementioned documents shows or supports the following
research outcomes:

(1) The study by Wong (2005) would top the ranking of the most cited work with a total
of 322 citations received. It is a research paper on analyzing critical success factors
for implementing knowledge management in small and medium enterprises (SMEs).

@

The second most cited paper was published by Low ef al (2011) about the
investigation of the factors that affect the adoption of cloud computing by firms
belonging to the high-tech industry, which has received 249 citations. The eight
factors examined in this study were the relative advantage, complexity,
compatibility, top management support, firm size, technology readiness,
competitive pressure and trading partner pressure.
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Figure 3.
Country/region of
origin of papers
published in IMDS,
1994-2018

(3) Note that Lummus, RR., from Central Missouri State University and Iowa State
University, and Bose, R., from the University of New Mexico both have two papers
in this list.

(4) In the top 30 most cited articles, 6 papers are solely authored articles. For the
remaining 24 co-authored papers, the single institute publication ranked first in
terms of the total publications (11), followed by the single country and inter-
institutionally collaborative publication (9) and then internationally collaborative
and inter-institutional publication (4).

3.4 Publication patterns
The 1,616 published papers represent the efforts of authors from 67 countries/regions across
the world with 78.71 percent of the published articles emanating from ten countries/regions,
as shown in Figure 3. We chose to use the country/region of residence of the corresponding
author because we believe that the corresponding author was the author most likely to have
been the driving force behind the article. When the corresponding author could not be
determined in the publication, we choose the country/region of residence of the first author.
As shown in Figure 4(a), around twenty percent of all published papers involved authors
from more than one country/region, with this being almost always a collaboration between
authors from two countries/regions, except in 50 papers (3.09 percent) where it extended to
three and four countries/regions. Figure 4(b) shows that over half of the papers are written
by the authors in the same institute. The clear majority of papers are co-authored by authors
from two or fewer institutes (84.52 percent). The size of the author teams for these papers is
also worth examining, as shown in Figure 4(c). It was most common for an article to have
two authors (30.88 percent) and three authors (30.38 percent). The clear majority of papers
had four or fewer authors (95.98 percent). Considering the increasing number of cross-
national collaborations in the field, it is likely that many future studies published in /MDS
will involve multiple investigators and the number of co-authors will continue to increase.

4. Authors, institutes and countries/regions analysis in IMDS

4.1 Most productive and influential authors, institutes and countries/regions

Besides the authors listed in Table III, many others also have contributed significantly to
IMDS. Table IV presents a list of the top 15 authors with more than ten publications in IMDS.
The ranking is based on the author’s total number of publications and not on authorship order.
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(2)

17.02%

(b)

12.38%

(c)

— 0.19% 2.66% ___———0.43%

2.91%

16.40%

51.33%
33.19%

30.38%

79.89%
30.88%

® Single country/region publications = Single institute publications = Sole authored publications
Inter-authors collaborative

publications

Inter-country/region collaborative
publications

Inter-institutionally collaborative
publications

® 2 countries/regions = 2 institutes = 2 authors

3 countries/regions 3 institutes 3 authors

" 4 countries/regions = 4 institutes = 4 authors

= 5 and more institutes = 5 and more authors

In order to get a general picture of the results of each author, the table considers several
bibliometric indicators for /MDS publications: the number of papers, the number of citations,
the citations per paper, and /-index. With regard to the total number of publications, Phusavat,
K., is the most productive author in IMDS with 19 articles. With regard to the total number of
citations, Vokurka, R, is the most influential author in IMDS with 599 citations.

A total of 1,088 institutes from all over the world have published in IMDS. Table Al
presents the most productive institutes which are ranked according to the number of
publications of each institute. Each institute has no less than ten publications. The Hong
Kong Polytechnic University is the most productive institute with 31 publications, and the
National Cheng Kung University is the most influential institute with 804 citations.

Next, we scale our analysis up to the country/region level. The USA is the country with the
highest number of publications with 495 in IMDS, 8495 citations, and 14 papers that have
been cited at least 100 times with an average of 38.68 citations per publication. The UK also
has an average of 2.07 publications and 28.14 citations per million inhabitants. The USA isin a
league of its own, the number of publications was more than double its nearest rivals,
Mainland China, Taiwan and the UK. Per capita, a number of European countries/regions

Rank Author Affiliation Country/region TP TC TC/TP &
1 Phusavat, K. Kasetsart University Thailand 19 269 1416 -
2 Lee, SM. University of Nebraska, Lincoln USA 15 363 2420 -
3 Lin, BS. Louisiana State University USA 14 390 2786 56
4 Ooi, K.B. Multimedia University Malaysia 14 488 3486 50
5 Chan, T.S. Hong Kong Polytechnic University Hong Kong 13 98 754 -
6 Hilletofth, P. University of Skovde Sweden 13 166 1277 17
7 Zhao, X.D. South China University of Technology Mainland China 13 79 608 -
8 Huo, BF. Zhejiang University Mainland China 12 72 600 23
9 Caputo, A.C. University of Roma Tre Italy 12 188 1567 -

10 Yen, D.C. Miami University USA 11 220 2000 -

11 Pelagagge, PM. University of L’Aquila Italy 11 175 1591 -

12 Hilmola, O.P. Turku School of Economics Finland 11 83 755 -

13 Lin, CH. National Cheng Kung University Taiwan 11 164 1491 -

14 Green, KW. Henderson State University USA 11 180 1636 27

15 Vokurka, RJJ. Texas A&M University USA 10 599 5990 -

Notes: Abbreviations available in Tables I and II. The /-index was obtained from GS and “~” means not available
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Figure 5.

The degree

(strength) distribution
of three co-occurrence
networks

Table V.

The basic topological
parameters for

three co-occurrence
networks

publish well. In particular, researchers in Liechtenstein, Slovenia and Finland contribute
significantly to IMDS. Exact numbers are given in Table AIl Developing countries/regions
are still far away from the leading positions but are starting to increase their profiles, and
expectations are that these countries/regions will increase their presence in /MDS. Noteworthy
are the results of Mainland China, which show strong potential, having grown quickly during
the last few years.

4.2 Topological analysis of co-occurrence networks
The degree (strength) distribution will deliver all the information about the connectivity of a
network. In Figure 5, we present the degree (strength) distributions for the author co-
occurrence network, institute co-occurrence network and country/region co-occurrence
network. A common finding is that the heterogeneity degree (strength) distributions which
resemble the “rich get richer” phenomena in social science. Most of the authors, institutes
and countries/regions are loosely connected with other nodes. Thus, the degree (strength)
for most nodes is quite small with only two or three collaborators. However, as seen in the
heterogeneity degree (strength) distributions, there exists some hub authors (authors with a
lot of collaborators), institutions and countries/regions with very strong connections with
other researchers, institutions and countries/regions. The description about these hub
authors, institutes and countries/regions will be presented in a highly detailed manner.

The degree (strength) distributions for institute and country/region co-occurrence
networks give us a comprehensive description of the tightness of the collaboration among
institutes and countries/regions. The heterogeneity degree distribution of the country/region
co-occurrence network in Figure 5 shows that over 75 percent of countries/regions collaborate
with less than 9 countries/regions. Furthermore, over 50 percent of countries/regions only
collaborate with no more than three countries/regions. The same situation applies quite well at
the institute and author level, which is consistent with Figure 4 that over 80 percent of
institutes (authors) collaborated with no more than 3 other institutes (authors).

In Table V, we present the basic topological parameters for the three co-occurrence networks.
It indicates that the three networks have both small-world and scale-free characteristics.

Institute Network
oy o,

®, L]
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Note: The blue points are the distribution of degree k; and the red points are the distribution of
strength s;

N, N, C L H K p 74 Diam(G)
Author 2,747 3772 0462 6990 0117 27467  0.001 0.100 25
Institute 1,088 1275 0236 5734 0287 2344 0.002 0.058 27
Country/region 66 179 0323 2478 0401 5424 0083  -0232 12

Notes: N, the number of vertices, IV, the number of edges, C the average clustering coefficient, L average the
shortest path length, H the heterogeneity of the network, K the average degree of the network, p the network
density, 7, is the degree assortativity, Diam(G) the diameter of the network




The high clustering coefficient C and relatively small shortest path length L are the main
characteristics of a small-world network. It is well known that the heterogeneity index of
the Barabasi-Albert (BA) network is 0.11 (Estrada, 2010). However, the heterogeneity
index H of these three networks are larger than the BA network, indicating that the
network structures are extremely heterogeneous. The average degrees of these three
networks are relatively low, which depict the sparse identity of the collaborative
relationships among authors, institutes and countries/regions. The assortativity 7, is used
to reveal the tendency of nodes to connect to other nodes with a similar degree in the
co-occurrence network. We find that the author and institute networks have positive
assortativity, which means the most influential authors and institutes are tightly
connected with each other. On the contrary, the assortativity index of the country/region
network is negative, which may result from the “preferential attachment” property during
the formation of the country/region level collaboration. The countries/regions with
relatively low research influence are more likely to pursue collaboration with influential
countries/regions, such as the UK and USA, to reduce the science gap and improve
academic competence.

Figure 6 displays the time series of basic topological parameters for these three
co-occurrence networks. The basic trend we can obtain from the vertex and edge numbers
is that the total authors, institutes, and countries/regions are gradually increasing.
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This witnesses the increasing activity of the research community and the degree of
participation from author, institute and country/region levels. Meanwhile, with the increase
of the publication quantity, the clustering coefficient always stays at a relatively high level,
which depicts the extremely local tightness of the research community. The increase in the
shortest path length can be regarded as a signal that the sparsity of the research community
has been experiencing a slow increase until the present. This characteristic, together with
the decrease of the heterogeneity, as well as the increase of the average degree and density,
can be interpreted as the flourishing of collaboration of the research community in IMDS.

In general, these topological parameters are evolving in a very similar pattern except the
assortativity. The assortativity of the author co-occurrence network is always positive,
which means the collaboration among hub authors are very likely to co-author with other
hub authors. The assortativity of institute co-occurrence network has the same fluctuation
pattern as the author co-occurrence network. Both assortativity indexes decreased to a very
large extent after the year 2000, which is a signal of collaboration diversity. In other words,
non-influential authors and institutes began to collaborate with hub authors and institutes.
When it comes to the country co-occurrence network, the basic topological parameters such
as clustering coefficient, shortest path length, heterogeneity, average degree and density
evolve quite similarly to the co-occurrence networks at the author and institute levels.
Again, an exception is assortativity index. The assortativity index of the country/region co-
occurrence network is always negative, which is a basic characteristic of the “preferential
attachment” property.

4.3 Author co-occurrence network

In Figure Al, we display the co-author network built from the bibliographic record. We
applied the Louvain modularity method (Blondel et al, 2008) to detect the authors’
community in this network. The size of the nodes corresponds to the number of co-authors,
which is the degree index in the network. Here, we define author activity as the strength of
the author. In this context, Lin, B.S,, is the most active author with the largest strength
(s=52 and %= 38), followed by Phusavat, K. (s=44 and 2=21), Ooi, KB. (s=41 and
k=23), Zhao, X.D. (s = 39 and %k = 28) and Huo, B.F. (s = 36 and % = 24). The communities in
Figure Al illustrate the results in Table IV. Figure 7 depicts a simplified bibliographic
coupling of authors with a minimum threshold of four links and %-core value equal to 2.

4.4 Institute co-occurrence network

In Figure A2, we show the institute co-occurrence network built from the bibliographic
record. Figure 8 presents the collaboration network between institutes, considering a
minimum threshold of two degrees in each institute. By the analysis of the institute
co-occurrence network, we verify that The Hong Kong Polytechnic University is the most
active institute with the largest strength (s=97 and %k =232), followed by Zhejiang
University (s =50 and % = 15), University of Nebraska (s =47 and % = 24), Seoul National
University (s =44 and 2= 15) and Kasetsart University (s =41 and k=12).

4.5 Country/region co-occurrence network

Next, we scale the analysis up to the country/region level. A total of 67 countries/regions
from all over the world have published in IMDS. Figure 9 presents the cross-country/region
collaboration in co-author papers and Figure 9(a) shows the collaboration among the 67
countries/regions. The red nodes are the countries/regions with strength above the first
quartile (Q,) of the strength sequence of the co-country network, and the blue nodes are the
remaining countries/regions. Figure 9(b) only shows the collaboration among the Q1
countries/regions. An analysis of Figure 9(a), it shows that the UK is the most active country
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with the largest strength and 29 collaborative countries/regions (s =296 and %=29),
followed by (s =280 and £ =19), the USA (s =245 and %= 31), Hong Kong (s =103 and
k= 14) and South Korea (s =83 and % = 8). Notably, it shows a strong research collaboration
among North America, Europe and Asia.

5. Themes evolution in IMDS

5.1 Descriptive statistics of author keywords

For the 1,616 articles, there are totally 3,076 author keywords used, 2,195 (71.36 percent)
keywords appeared only once, 338 (10.99 percent) keywords were used twice and 151
(4.91 percent) keywords appeared three times. The large number of author keywords used
only once probably indicates a lack of continuity in research and a wide disparity in
research focuses.

In Table AIII, we present the related top-25 keyword list both over the last 25 years and the
three intervals. It appears from Table AlIl, that many of the key topics have persisted over the
last 25 years in IMDS, such as “supply chain management,” “information system” and
“information technology,” which indicates that these topics are invariable hotspots in /MDS.
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Figure 7.
Simplified co-author
network
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Figure 8.

Simplified
collaboration network
between institutes
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5.2 Author keywords clusters

Figure 10 depicts a simplified keywords co-occurrence network, and only nodes with a
frequency of 20 or more are shown. The colors represent the community partition of those
keywords and we added the dashed boundaries to make the clusters more visible. We detect
the existence of at least five different clusters, as shown in Figure 10 and Table VL

Cluster I brings together by far the largest number of works, which covers the main
scope of IMDS, which is applying the potential of new technologies to the management
activities. In this cluster, we can find strategic management, human resource management,
quality management, project management, process management, decision making and
marketing. Cluster II mainly studies supply chain management and operation management
in the manufacturing industry, which are related to performance management, production
planning and scheduling, supplier relations, service quality and competitive strategy. In
addition, research methodology (e.g. modeling, simulation and case study) seemed to receive
a great deal of attention in these studies. The most popular clusters are the first two,
characterized by older articles (by publication date).

The latter three clusters are smaller compared with the first two clusters. Cluster III
places more emphasis on SMEs, knowledge management and innovation management, and
organization (e.g. organization culture, organizational performance, organizations). Cluster
IV focuses on the study of electronic commerce and IT, customer behavior and satisfaction



()

(b)

Note: Node indicates country/region, and edge indicates co-country/region relationship

and value chain. We also detect the close connections among China, Hong Kong, Malaysia
and the UK. Cluster V represents papers focusing on enterprise resource management.
Moreover, structural equation modeling and partial least squares were widely adopted
methods for investigations on these issues as reflected in the keywords. With an emphasis
on innovation management, circular economy, and sustainable consumption and production
(Nambisan et al,, 2017; Wang et al., 2019; Geissdoerfer et al, 2017), it is expected that the
latter three clusters will continue to grow for the next decade.

Compared with the scope of IMDS listed on the journal’s webpage, our five-cluster
classification shows that “green,” “sustainability” and “big data” have received
significantly less attention over the 25 years period. This is consistent with
observations of some of the recent reviews (Fahimnia et al, 2015; Wang et al, 2016).
Therefore, the insight that can be obtained from this classification is the opportunity
for additional research in “big data analytics,” “green information systems” and
“sustainable supply chain management.” In fact, more recently some of the scholars have
focused on closing these topics gap (Cheng et al,, 2016; Bhat and Quadri, 2015; Comuzzi
and Patel, 2016; Zhao et al,, 2015; Verma and Singh, 2017; Chongwatpol, 2016; Chen et al.,
2015; Amankwah-Amoah, 2015; Wang and Dai, 2018; Liu et al, 2017; Wu et al., 2016;
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Figure 9.
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regions with
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Figure 10.

Main clusters of
keyword co-
occurrence network

Table VI.
Main themes
identified in the
cluster analysis
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Cluster V

Note: Node indicates keyword, and edge indicates co-occurrence relationship

Keywords and themes

Cluster I Keywords: advanced manufacturing technology, just-in-time, decision support system,
management information systems, surveys, decision making, strategy, employees, expert systems,
development, manufacturing, information systems, USA, job satisfaction, process management,
information technology, Japan, computer industry, systems development, TQM, design,
technology, design, planning, quality, computers, new technology, training, globalization,
implementation, computers software, organizational change, Europe, automation, problem solving,
BPR, problem solving, human resource management, outsourcing, integration, performance,
marketing, information management, strategic management, total quality management,
management, information management, quality management, electronic data interchange, data
security, project management
Themes: implementation of information systems and information technology in management
activities

Cluster I Keywords: supply chain management, performance management, simulation, business process re-
engineering, performance measurement, manufacturing systems, production scheduling,
Australia, electronics industry, Thailand, case study, operations management, manufacturing
industry, AHP, automotive industry, service quality assurance, India, competitive strategy,
supplier relations, Taiwan, modeling, supply chain, purchasing, distribution management
Themes: supply chain management and operation management, manufacturing industry

Cluster I Keywords: SMESs, business performance, new product development, organizational culture,
organizational performance, competitive advantage, organizations, Spain, knowledge
management, innovation, South Korea, critical success factor, ISO 9000 series, communication
technologies, managers, service industries, product development
Themes: SMEs (small and medium-sized enterprises), knowledge management and innovation,
service industry

Cluster IV Keywords: Malaysia, survey, China, customer satisfaction, trust, Hong Kong, value chain, internet,
business development, consumer behavior, UK, electronic commerce
Themes: electronic commerce and IT, customer behavior and satisfaction

Cluster V' Keywords: enterprise resource planning, structural equation modeling, manufacturing resource
planning, PLS, resource management, Slovenia
Themes: enterprise resource management




Tseng et al., 2015; Kazancoglu et al., 2018), but none of these efforts have been captured in
our five-cluster topical classification due to their relatively recent publication and hence
the inability of the keywords to reach a frequency of 20.

5.3 Keywords evolution

To assess the evolution of author keywords, it is necessary to divide the study period into
a number of sub-periods. We divided the study period into three sub-periods: 1994-1999
(1990s), 2000—2009 (2000s) and 2010-2019 (2010s) and constructed an alluvial diagram
(Rosvall and Bergstrom, 2010) to map the evolution in IMDS.

Figure 11 presents the major shifts of author keywords in the last 25 years of IMDS.
Each significance clustering for the keywords networks in the periods of the 1990s, 2000s
and 2010s occupies a column in the diagram and is horizontally connected to preceding and
succeeding significance clustering by stream keywords. Each block in a column represents
a keyword cluster and the height of the block reflects citation flow through the keyword
cluster. The keyword clusters are ordered from bottom to top by their size. In order to
increase the readability, the keywords are placed inside the central column for 2000s.

From post-industrial economies to emerging economies: the research related to post-
industrial countries/regions, such as USA and Japan, has reduced. The finding is consistent
with the statistical results in Table AIIl. The keyword frequency of the USA ranked in the
top 3rd in the 1990s, and reduced to 23th in the 2000s, ranked 65th in the 2010s.
The research related to emerging industries in countries/regions, such as Mainland China
and Taiwan, has grown in importance in recent years. Themes related to China experienced
a dramatic growth in the last 25 years and took the 7th place between 2010 and 2018.

From manufacturing to service industry: the manufacturing industries constitute a large
proportion of the previous research, such as “advanced manufacturing technology,” “just-in-
time,” “TQM” and “manufacturing system.” Recent decades have witnessed the rapid economic
evolution from a manufacturing base to a service orientation. Servitization is even predicted as
being a future significant research area within operations management (Taylor and
Taylor, 2009; Wang et al, 2019). We can detect this trend in this alluvial diagram.
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From information technology and management to knowledge sharing and management: it is
not surprising to find that there are several popular topics in the past such as “computer
networks,” “database management,” “data security,” etc., that are becoming gradually less
significant as noted during our 25-year study period. On the contrary, little has been done
before on “SMEs,” “innovation,” “knowledge sharing and management,” “Internet of
Things,” “big data” and “data mining,” but articles on these aspects have obviously
increased in recent years. “SMEs” took 3rd place between 2010 and 2018, which is consistent
with the research trends (Ghadimi et al, 2019). Reinforcing our former findings in subsection
5.2, it can be expected that the emerging topics will continue to grow at an increased pace.

6. Concluding remarks and limitations

Since the founding, IMDS has given voice to a growing international and interdisciplinary
community of researchers in the field of operations management and information systems.
The study collects all the publications of the journal between 1994 and 2018, and reviews
1,616 full-length articles in a bibliometric way. A number of highlights can be summarized
as follows:

« The annual number of publications exhibits a gradual increase in IMDS in recent
years. The publications that have received the most attention from the research
community are in the area of operations management. The most cited paper was
published by Wong (2005) and has 322 citations. It is common for articles in IMDS to
have a single author or two authors, and we speculate the number of co-authors is
likely to increase due to cross-national studies. Over half of papers are written by the
authors in the same institute.

« Phusavat, K., is the most productive author in IMDS with 19 articles, Vokurka, R/]., is
the most influential author in IMDS with 599 citations, and Lin, B.S,, is the most
active author with 38 co-authors and strength equals 52. The Hong Kong Polytechnic
University is the most productive and active institute with 31 publications, 32
collaborative institutes, and strength equals 97. The National Cheng Kung University
is the most influential institute with 804 citations. The number of publications from
the USA is more than double its nearest rivals, Mainland China, Taiwan, and the UK.
However, the UK is the most active country with 31 collaborative countries/regions
with strength as large as 245.

« For three co-occurrence networks (i.e. author co-occurrence network, institute co-
occurrence network and country/region co-occurrence network), they have both
small-world and scale-free characteristics. And the average degrees of these three
networks are relatively low, which depict the sparse identity of the collaboration
relationships among authors, institutes and countries/regions. In addition, we find
that the author and institute networks have positive assortativity, which means the
most influential authors and institutes are tightly connected with each other. On the
contrary, the assortativity index of the country/region network is negative, which
may result from the “preferential attachment” property during the formation of the
country/region level collaboration.

« Many of the key topics have persisted over the last 25 years of the journal, such as
“supply chain management,” “information system” and “information technology,”
which indicates that these topics are invariable hotspots in IMDS. We find
the existence of at least five different clusters. The biggest cluster is aligned with the
main scope of IMDS, that applying the potential of new technologies to the
management activities, such as strategic management, human resource management,
quality management, project management, process management, decision making



and marketing. Moreover, we detect keywords evolution from post-industrial
economies to emerging economics, from manufacturing to service industry and from
information technology and management to knowledge sharing and management, by
constructing an alluvial diagram.

This study presents a systematic review and bibliometric analysis of literature in /MDS
over the last 25 years, which can be seen as a snapshot of the IMDS journal. With the
information and insights provided in this paper, we manage to obtain a quick overview of
IMDS that can support strategic decisions for potential authors, readers and journal editors.
First, for potential authors, it serves as a guide orientating them in relation to the main scope
(i.e. applying the potential of new technologies to the management activities) and emerging
topics of interest (e.g. big data, knowledge and innovation management, green and
sustainable, emerging economies, service industry, SMEs), and, in general, providing them
with a historical roadmap that may help with their plans to publish their research in /MDS.
Second, for readers, it is helpful to have an overview of the types of publications, journal
style and topics in IMDS. Third, for journal editors, this study represents a useful tool to
showcase the progress and evolution that IMDS has experienced during its last 25 year
history, highlighting trends that can signal new opportunities and relevant challenges to
support or re-direct strategic decisions.
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R Country/region TP TC TC/TP  Pop  TP/Pop TC/Pop >100 250 >20 >10 >5
1 USA 495 9196 1858 326,767 151 2814 14 39 134 245 337
2 Mainland China 205 1,681 820 1415046 0.14 1.19 0 4 26 56 90
3 Taiwan 201 3970 19.75 23694 848 16755 5 22 53 104 143
4 UK 193 2,720 14.09 66,574 290  40.86 3 14 38 68 102
5 Spain 107 1919 1793 46397 231 41.36 1 7 30 57 78
6 South Korea 91 1,043 1146 51,164 178  20.39 0 3 17 34 53
7 Hong Kong 67 865 1291 7429 902 11644 1 2 13 24 36
8 Finland 55 836 1520 5543 992 150.83 0 3 12 24 42
9 Malaysia 54 1,447 26.80 32042 169 4516 2 7 21 34 42
10 Australia 51 738 1447 24,772 206  29.79 0 3 12 24 4
11 Thailand 37 583 1576 69,183 053 843 0 0 9 21 29
12 Ttaly 33 352 1067 59,291  0.56 594 0 0 7 15 20
13 India 32 620 1938 1,354,052  0.02 0.46 1 5 10 15 18
14 Slovenia 28 345 1232 2,081 1345 165.76 0 0 6 11 19
15 Sweden 27 321 11.89 9983 270 3216 0 0 6 11 17
16 Canada 26 535 2058 36,954  0.70 14.48 0 1 12 16 24
17 Poland 25 267 1068 38105  0.66 7.01 0 0 4 8 19
18 Brazil 24 293 1221 210868 0.1 1.39 0 1 5 9 14
19 Greece 20 427 2135 11,142 1.79 38.32 1 1 7 12 16
20 Singapore 18 311 1728 5792 311 53.70 0 2 6 9 13
21 Turkey 18 475 2639 81917 022 5.80 1 3 7 10 15
22 Denmark 16 249 1556 5754 278 4327 0 1 4 10 12
23 Germany 15 210 14.00 82293 018 255 0 1 3 7 1
24 Norway 15 294 19.60 5353 280 5492 0 2 6 10 12
25 New Zealand 14 196 14.00 4750 295 4127 0 2 2 5 6
26 France 13 91 7.00 65,233 0.20 1.39 0 0 1 3 5
27 Netherlands 13 313 24.08 17,084  0.76 18.32 1 1 2 6 9
28 Portugal 13 190 14.62 10291  1.26 18.46 1 1 2 4 6
29 Iran 7 148 2114 82,012  0.09 1.80 0 1 1 4 5
30 Belgium 6 17 283 11499 052 148 0 0 0o 1 1
31 Mexico 6 20 333 130,759 0.5 0.15 0 0 0o 0 2
32 Hungary 5 30 6.00 9,689 052 310 0 0 0 1 3
33 Saudi Arabia 5 160 32.00 33554 015 477 0 1 3 4 4
34 Japan 4 9 225 12718 003 0.07 0 0 0 0 1
35 South Africa 4 76 19.00 57,398  0.07 1.32 0 1 1 2 3
36 United Arab Emirates 4 65 16.25 9542 042 6.81 0 1 1 1 2
37 Ireland 3 55 1833 4804  0.62 1145 0 0 1 2 2
38 Kuwait 3 52 1733 4197 071 12.39 0 0 2 2 3
39 Austria 2 10 500 8752  0.23 1.14 0 0 0o 1 1
40 Bangladesh 2 1 050 166368 0.1 0.01 0 0 0 0 0
41 Barbados 2 83 4150 286 698 28982 0 0 2 2 2
42 Bulgaria 2 20 10.00 7,037 028 284 0 0 0o 1 2
43 Chile 2 1 050 18197 0.11 0.05 0 0 0 0 0
44 Colombia 2 12 600 49465  0.04 0.24 0 0 0o 0 2
45 Estonia 2 5 250 1,307 153 3.83 0 0 0o 0 0
46 Peru 2 3 150 32552  0.06 0.09 0 0 0 0 0
47 Philippines 2 20 1000 106512  0.02 0.19 0 0 0 1 1
48 Sri Lanka 2 9 450 20,950  0.10 0.43 0 0 0 0 1
49 Switzerland 2 21 1050 8544  0.23 2.46 0 0 0o 1 2
50 Argentina 1 3 300 44689  0.02 0.07 0 0 0o 0 0
51 Bosnia and Herzegovina 1 5 500 3504 029 143 0 0 0o 0 1
52 Croatia 1 4 400 4165 024 0.96 0 0 0 0 0
53 Cyprus 1 20 2000 1,189 084 16.82 0 0 1 1 1
54 Iceland 1 2 200 338 296 592 0 0 0 0 0

(continued)
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Table AIL

R Country/region TP TC TCTP  Pop  TP/Pop TC/Pop >100 =50 >20 >10 >5
55 Indonesia 1 13 1300 266,795  0.00 0.05 0 0 0 1 1
56 Israel 1 16 16.00 8453 012 1.89 0 0 0 1 1
57 Liechtenstein 1 10 10.00 38 2621  262.09 0 0 0 1 1
58 Macedonia 1 7 700 2,085 048 3.36 0 0 0 0 1
59 Morocco 1 0 000 36,192 0.03 0.00 0 0 0 0 0
60 Oman 1 7 700 4830 021 145 0 0 0 0 1
61 Pakistan 1 1 100 200814 0.0 0.00 0 0 0 0 0
62 Qatar 1 6 6.00 2695 037 2.23 0 0 0 0 1
63 Romania 1 9 9.00 19,581  0.05 0.46 0 0 0 0 1
64 Russia 1 0 000 143965 001 0.00 0 0 0 0 0
65 Slovakia 1 16 16.00 5450  0.18 294 0 0 0o 1 1
66 West Indies 1 31 31.00 39170 0.03 0.79 0 0 1 1 1
67 Zimbabwe 1 0 000 16913  0.06 0.00 0 0 0 0 0

Notes: Abbreviations available in Tables I and II except for: Pop for population in thousands, TP/Pop and
TC/Pop denote total publications and citations per million inhabitants. The population data were obtained

from United Nations, Department of Economic and Social Affairs, Population Division
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Table AIIl.
in IMDS

Most common author
keyword occurrences
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Figure A2.
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network, 1994-2018
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