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out the world. We conducted a bibliometric and content analysis of publication in the Scopus
database. We only retrieved articles written in English. We conducted content analysis using the
VOSviewer software and visualized the co-occurrence of keywords and bibliographic coupling of

Keywords: sources and countries. Following the study protocol, we found 862 articles on Data Visualization

Data Visualization over the past 30 years. The most productive journal that published these articles was Lecture Notes
Scopus In Computer Science (n=32). The most productive country was the United States (n=305). Based
VOSViewer on citations, the most influential authors, and journals were Thorvaldsdottir et al., (2013) [Thor-

valdsdottir, H., Robinson, J. T., & Mesirov, J. P. (2013). Integrative Genomics Viewer (IGV):
High-performance genomics data visualization and exploration. Briefings in Bioinformatics,
14(2), 178-192.] (n=4699), and IEE Transactions on Visualization and Computer Graphics
(n=656). The keywords of research on Data Visualization formed 7 clusters (e.g. Data Visualiza-
tion, Visualization, and Human). From a global perspective, Data Visualization research in the
past 30 years has increased significantly. There were European published journals nominated pub-
lications. Thus, Asian countries need to conduct more active research on this topic.

© 2023 by the authors; licensee Growing Science, Canada.

1. Introduction

This article discusses the discourse Data Visualization. The discourse understanding is inseparable from bibliometric analysis
(Lee, 2020; Mifrah, 2020; Omoregbe et al., 2020; Saravanan & Dominic, 2014), referring to the incorporation of various
frameworks and methods to analyze citations from scientific publications. Such attempts lead to the development of different
metrics to gain insight into the intellectual structure of a broad academic discipline and to evaluate the impact of a particular
field of study (Akhavan et al., 2016; Putera et al., 2020). Although some researchers have produced Data Visualization
articles, we have not found research in bibliometric articles on Data Visualization utilized social network analysis. The aim
of this article was to provide useful data for understanding global publication trends regarding Data Visualization. This study
aimed to analyze the bibliographic characteristics and trends of articles on Data Visualization published in journals indexed
in Scopus written by researchers from throughout the world and to conduct an analysis of keyword co-occurrence using
VOSviewer.

2. Methods

This study did not involve human subjects; therefore, neither institutional review board approval nor informed consent was
needed. This study was a descriptive and bibliometric analysis based on a literature database. The data in this study were
retrieved from the Scopus database. To obtain the necessary data, this study used the keyword “Data Visualization” in the
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title, abstracts, and author’s keywords. In this step, we found 862 articles. In the next step, we downloaded the articles from
the Scopus database and analyzed the 862 articles that had been sorted by relevance. In this study, the metadata and refined
Scopus result values were retrieved in the Csv dataset format. However, before the bibliometric analysis, the consistency and
reliability of the data were checked to address issues such as a lack of consistency in country names and keywords. The data
were also standardized to ensure consistency regarding key words that sometimes appeared in singular or plural, abbreviations,
or other forms. The data obtained from the Scopus database were analyzed using VOSviewer software, and simple statistics
were calculated using Microsoft Excel.

3. Results

The development of ‘Data Visualization’ publications indicates an increase, from 2019 to 2020. The trend analysis (see Fig.
1) indicates that before 1991, there were no ‘Data Visualization’ publications on the Scopus database.
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Fig. 1. Publication Trend “Data Visualization” (Source : Processed by Author)
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Fig. 2. Publication Trend “Data Visualization” based on Subject Area (Source : Processed by Author)

Based on a search with the keyword “Data Visualization”, the result showed approximately 862 documents. Most articles
were listed under Computer Science (n=466, 30%), Engineering (n=175, 11%), Mathematics (n=150, 10%), Social Sciences
(n=108, 7%), and Medicine (n=98, 6%). The full distribution of Data Visualization articles across subject areas is shown in
Fig. 2. According to VOSViewer, the articles were published in 160 different journals. The highest number of articles were
published in Lecture Notes In Computer Science, with 32 publications, followed by IEEE Transactions on Visualization and
Computer Graphics (n=29), Journal of Physics Conference Series (n=22), Bioinformatics (n=17), and Computer Graphics
Forum (n=12). The other most productive journals with the most publications are shown in Table 1.
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Table 1
The most production journals based on the number of publications
Rank Source No. Of'Publlca- Country
tion

& Lecture Notes In Computer Science 32 Germany
2nd IEEE Transactions on Visualization and Computer Graphics 29 United States
B Journal of Physics Conference Series 22 United Kingdom
4t Bioinformatics 17 United Kingdom
5th Computer Graphics Forum 12 United Kingdom
6 BMC Bioinfrmatics 11 United Kingdom
7 Conference On Human Factors in Computing Systems Proceedings 11 United States
gt IEEE Access 11 United States
gth IEEE Computer Graphics and Applications 10 United States
10t ACM International Conference Proceeding Series 8 United States
i Proceeding of The International Conference on Information Visualization 8 Portugal
12t Frontiers In Neuroinformatics 7 Switzerland
13t Iop Conference Series Earth and Environmental Science 6 United Kingdom
14t Top Conference Series Materials Science and Engineering 6 United Kingdom
15t Nucleic Acids Research 6 United Kingdom
16" Plos One 6 United States
17 Procedia Computer Science 6 Netherlands
18" Applied Sciences Switzerland 5 Switzerland
19t IFIP Advances In Information And Communication Technology 5 United States
20t International Archives of The Photogrammetry Remote Sensing and Spatial Information Sciences 5 Germany

ISPRS Archives

Table 2 lists the most influential authors based on citations recorded by the Scopus database. The most influential author was
Thorvaldsdottir et al., (2013), with 4699 citations, followed Li, (1992) (n=445), Allen et al., (2021) (n=397), Francisco et al.,
(2012) (n=375), and Van Wijk, (1991) (n=292). Table 3 presents the influential source (i.e. journals) based on citations. I[EE
Transactions on Visualization and Computer Graphics (n=656) was the most influential journal, followed by Bioinformatics
(n=540), BMC Bioinformatics (n=533), Lecture Notes in Computer Science (n=387), and Computer Graphics Forum (n=328).

Table 2

The most influential authors and source based on citation analysis

Rank Authors Title Source title Cited by
I Thorvaldsdottir Igtegrgthfe Genomics Vleyver (IGV): High-performance genomics data Bricfings in Bioinformatics 4699
etal., (2013) visualization and exploration
d . On principal Hessian directions for data visualization and dimension re- Journal of the American Statistical
2n Li, (1992) . s L o 445
duction: Another application of Stein's lemma Association
3nd Allen et al., R_alnclloud plots_: A.multl—platform tool for robust data visualization [ver- eilewing Gisen et 397
(2021) sion 1; peer review: 2 approved]
4t Francisco et al., PHYLOYlZ: Phylogenetic inference and data visualization for sequence BMC Bioinformatics 375
(2012) based typing methods
Proceedings of the 18th Annual Con-
.. . . T ference on Computer Graphics and
th
5 Van Wijk, (1991)  Spot noise texture synthesis for data visualization Interactive Techniques, SIGGRAPH 292
1991
6 Aguado et al., The Fifteenth Data Release of the Sloan Digital Sky Surveys: First Re- Astrophysical Journal, Supplement 248
(2019) lease of MaNGA-derived Quantities, Data Visualization Tools, and Stel- Series
7t Peng et al., Clutter reduction in multi-dimensional data visualization using dimension ~ Proceedings - IEEE Symposium on 245
(2004) reordering Information Visualization, INFO VIS
gt Williamson, 'Dlgltql exi'ucaglon governance: data visualization, predictive analytics, and Journal of Education Policy 23
(2016) real-time' policy instruments
. . . . Lo . . . Proceedings - 2014 IEEE Interna-
gth ]();g{g;)vskl etal., Ifglnrillzrswe and collaborative data visualization using virtual reality plat- tional Conference on Big Data, IEEE 210
Big Data 2014
1ot Marcus et al., Human Connectgme l.)l”Oj'CCt informatics: Quality control, database ser- Neurolmage 210
(2013) vices, and data visualization
1t LURCHEL Data visualization with multidimensional scaling ._Iournal (.)f.C spuiiitomsl il @i 200
(2008) ical Statistics
Bhatia et al. Software tool for researching annotations of proteins: Open-source pro- . .
th >
12 (2009) tein annotation software with data visualization Analytical Chemistry 188
13 é.o?afvang, leeteolnfoz GIS software for meteorological data visualization and analy- Meteorological Applications 170
14 Gatto & Lilley, Msnbase-fm R/Bl(?conductor package for 1spb§rlc tagged mass spectrome- Bioinformatics 166
(2012) try data visualization, processing and quantitation
0 Swayne et al., GGobi: Evolving from XGobi into an extensible framework for interac- Computational Statistics and Data
15 X T . 153
(2003) tive data visualization Analysis
Bishop & . . . Lo IEEE Transactions on Pattern Analy-
th
16 Tipping, (1998) A hierarchical latent variable model for data visualization sis and Machine Intelligence 148
C. Wang et al. . . . C IEEE Transactions on Visualization
th g - .
17 (2008) Importance-driven time-varying data visualization and Computer Graphics 136
Childs et al. S Proceedings of the IEEE Visualiza-
th gl
18 (2005) A contract based system for large data visualization tion Conference 129
Lot Nolte et al., Instant _Clue: A Software Suite for Interactive Data Visualization and St R 11
(2018) Analysis
20t Clacssen & Van Flexible linked axes for multivariate data visualization [EEE Transactions on Visualization 107

Wik, (2011)

and Computer Graphics

Source : Processed by Author
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Table 3 The most influential countries and source based on citation analysis.

Rank Source Cited by Country Quartile

I IEE Transactions on Visualization and Computer Graphics 656 United States Q1
ond Bioinformatics 540 United Kingdom Q1
B3 BMC Bioinformatics 533 United Kingdom Q1
4t Lecture Notes in Computer Science 387 Germany Q2
5t Computer Graphics Forum 328 United Kingdom Q1
6 IEE Computer Graphics and Applications 268 United States Q2
7 Frontier in Neuroinformatic 147 Switzerland Q1
g Conference on Human Factors in Computing Systems 126 United States -

gt Proceedings of the International Conference on Information Visualization 123 Portugal -

10" Nucleic Acids Research 110 United Kingdom Q1

Source : Processed by Author

There were four journals from the United Kingdom, three journals from the United States, and one journal each from Swit-
zerland, Portugal, and Germany. In the period 2020 to 2022, the United States was the country with the most publications on
Data Visualization, with 305 articles, followed by China with 98 articles.

United States
China

United Kingdom
Germany
Canada

France

Italy

Australia

India

Japan

Spain

Brazil

Russian Federation
Switzerland
Portugal
Malaysia

South Korea
Netherlands
Hongkong
Austria

UsA

CHINA
UNITED KINGDOM
GERMANY
CANADA
BRAZIL
1APAN
FRANCE
SPAIN
ITALY
INDIA
KOREA
MALAYSIA
SWITZERLAND
BELGIUM
PAKISTAN 35
PORTUGAL
METHERLANDS
AUSTRALUA EI3
NORWAY D
FINLAND |2
INDOMESIA @
DENMARK B2
AUSTRIA 1

0

o

=
@

w
=

N
o
o

100

=
v
o

o
o vl
N o
(=]
o
o
[
=
=]
a
2]
z
-t
=
2
o
=
o
2.
o
=
o
=
o
[

a0 =1] 30 100
E5CP mMCP

Fig. 4. Corresponding Authors

=

Sy
<
=
c

120

N
[
o

1)
=
N
()

=
=
o
=]

300

140 160

350

180



R. S. Muharam et al. / International Journal of Data and Network Science 7 (2023) 1337

China, India, Japan, Malaysia, South Korea and Hongkong were the Asian countries ranked in the top 20 countries in terms
of the most Data Visualization publications. These Six Asian countries ranked two, nine, ten, sixteen, eighteen and nineteen.
The top 20 countries can be seen in Fig. 3. Fig. 4 shows Corresponding Authors of Pandemic Covid-19. The highest number
of articles were in the United States, Followed by China, and the United Kingdom. A content analysis was performed of the
862 publications sorted by relevance. Next, we performed a co-occurrence analysis with VOSviewer, using the “all keyword”
analysis unit and the “full counting” method. We limited the frequency of keyword occurrence to 5 times; out of 6179 key-
words VOSviewer found 318 keywords that met the threshold. The results of this analysis are presented in Fig. 5. Data
Visualization (593), Visualization (459), and Human (136) were the top three keywords that appeared most frequently. More-
over, we found seven clusters in this analysis. Fig. 5 shows these keywords divided into 7 clusters (each with a different
number of keywords), which are represented by colors. The first cluster (red, 107 keywords) focused on Data Visualization,
Visualization, Information Systems, Big Data and Decision Making. The second cluster (green, 55 keywords) centered on
Software, Computer Graphics, Procedures, Priority Journal, and Data Processing. The third cluster (blue, 55 keywords) related
to Data Mining, Algorithms, Data Reduction, Data Structures, and Mapping.
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Fig. 5. Network visualization of data visualization articles published globally in the Scopus database (Source: Processed by
Author)

The fourth cluster (yellow, 51 keywords) related to Human, Article, Methodology, Factual Database, and Female. The five
clusters (purple, 28 keywords) focused on Data Analysis, Quality Control, Quantitative Analysis, Data Sharing, and Automa-
tion. The sixth cluster (light blue, 20 keywords) dealt with Three Dimensional, Virtual Reality, Students, Education, and
Tools. The seventh cluster (orange, 2 keywords) focused on Interactive Computer Graphics and Research.
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Fig. 6 shows an overlay visualization of Data Visualization literature with the average number of publications from 2012 to
2020. There was a shift in topics; around 2014, the literature on Data Visualization contained extensive discussions of the
terms “Information Visualization”, “Information Systems” and “Data Mining”, and then the last 3 years discussed “Data
Analytics”, “Open Source”, and “Covid-19”.

4. Discussion

Based on data from Scopus, the publication trends, journal performance, content analysis, and bibliographic coupling of coun-
tries and sources were analysed for research on Data Visualization issues throughout the world. The current study focused on
articles published in Data Visualization. This study aimed to provide information on the status of publications in these fields.
A total of 862 studies published were recorded in the Scopus database. The data showed the rapidity of article publications
and the responsiveness of researchers in analyzing Data Visualization around the world. However, limited research from a
global perspective on Data Visualization in the past 3 years has discussed “Data Analytics”, “Open Source”, and “Covid-19”
and its relationship with governance within the scope of social science. Based on Fig. 3, the most productive and influential
country was the United States followed by China. Although countries from Europe dominated the top 20 countries with the
most publications by affiliated researchers, China, India, Japan, Malaysia, South Korea and Hongkong is the country from
Asia in the top 20. The current study has limitations, we only retrieved studies from Scopus and did not use other source such
as Web of Science, Crossref, or PubMed Central. Finally, we did not use other analyses in VOSviewer, such as co-citation or
co-authorship. Thus, we hope that bibliometric research on this topic will expand in terms of the databases used, the subject
areas, and the analyses conducted in order to provide a broader overview of the issue.

5. Conclusion

In the past 30 years, global research on Data Visualization has increased significantly. The theme of research on Data Visu-
alization related to local government could be interesting for future discussions. There are also opportunities to foster discus-
sion about Data Visualization in social science journals related to public administration. Finally, Europe dominated this field
in terms of publications, while research from Asia on this topic remains limited, and further research is therefore necessary.
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