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ABSTRACT

The aim of this study is to investigate studies and trends in infographics in order to determine the
specifications of its scientific content. The study analyzes 161 theoretical and experimental research
papers published between 2006 and 2016 through the utilization of both qualitative and quantitative
indicators. Citation analysis is used in this research in order to examine studies related to infographics that
are indexed in scientific journals. Infographics and data visualization related keywords are jointly used in
the search for documents. As a result of this research, it can be seen that the number of citations and the
number of research papers significantly increased in 2016 and also the result allows the researchers to
specify the attributes of the contents of the scientific journals. In future research, it is recommended that
the citation analysis method is combined with other types of analysis.
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INFOGRAFIK UZERINE BIR ICERIK ANALIiZI ARASTIRMASI

Oz

Bu calismanin amaci infografik aragtirmalarindaki egilimlerin igerik analizi ¢er¢evesinde belirlenmesidir.
Bu calismada, 2006 ve 2016 yillar1 arasinda nicel ve nitel yontemler kullanilarak yapilmis teorik ve
deneysel arastirma 161 makale incelenmistir. Bu arastirmada bilimsel uluslararasi SCOPUS indeksinde
taranan dergilerde yayinlanan infografik ile ilgili ¢aligmalari incelemek i¢in igerik analizi kullanilmisgtir.
Makaleler taranirken “inforgrafik” ve “veri gorsellestirme” anahtar kelimeleri kullanilmigtir. Arastirma
sonucunda, makalelerdeki alinti sayis1 ve makale sayisinin 2016 yilinda 6nemli bir artis gosterdigi
belirlenmistir. Bu arastirma ile bilimsel dergilerdeki infografik arastirmalarinin 6zellikleri elde edilmistir.
Ileriki arastirmalarin farkl1 analiz tiirleri ile icerik analizi yontemi birlestirilerek infografik arastirmalarinin
egilimlerinin incelenmesi Onerilmektedir.

Anahtar Kelimeler: Biblografya, Icerik Analizi; Scopus; Bilgi grafikleri
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INTRODUCTION

One of the oldest and most significant branches of bibliometric research is citation analysis, as specified
by Eugene Garfield (Mahapatra, 2000). Citation is concerned with referring to other sources containing
published studies. Referring means indicating the proper context and providing a clear biographic
statement in a reference list. Moreover, Diadato (1994) stated that citation is an extended ranging field of
bibliometrics that studies the citations from/to papers.

Citation analysis research papers have been conducted in many fields and have been published in many
academic journals, including educational science, geography, medicine, psychology, business, etc. For
instance, in psychology, studies were reviewed and published in the journal of American Psychological
Association (APA) by Smith et al. (1998), and Howard, Cole and Maxwell (1987). Therefore, older
research papers will obtain citations/are cited by newer studies (Rousseau, 2008).

Furthermore, other scientists have investigated studies from numerous science education journals. The
researchers tried to find the documents that obtained the most citations in the Journal of Pediatric
Psychology for the period 1976-2006, by analyzing 100 published papers; however, in the literature, there
was no information regarding infographics. Majority of the published studies were discussed and the
trends and patterns were identified in educational technology (eg, Angling & Towers,1992; Klein, 1997;
Maushak, Price &Wang, 2000; Ely, 2002; Gall, Ku, Gurney, Tseng & Yeh, 2004; Reiser & Dempsey,
2007; Hew & Kale, 2007; Aylward, Roberts, Colombo and Steele, 2008; Hursen & Ozcinar, 2008). The
high number of studies on educational technology might be due to increased requirement in being
competent in terms of technological knowledge and skills (Ozdamli & Tavukcu, 2016) and increased use
of interactive technologies such as ipad and social media in education (Dhir, Gahwaji & Nyman, 2013;
Bicen, 2015). Uzunboylu and Karagozlu (2015) reviewed the studies on flipped classroom and provided
information about the effectiveness of flipped classroom in education and Bagriyanik and Karahoca
(2016) conducted a systematic literature review on big data in software engineering. In addition, Cetin
(2015) reviewed the master and doctorate thesis related with computer education and instructional
technologies published in Turkey Higher Education Council and revealed the general trends in the
published thesis. When the literature is examined, it is seen that the number of studies reviewing the
studies on arts, design, graphic or infographics is limited. Furthermore, Allahverdiyev and Yucesoy (2017)
provided a review on glass art from past to present from the perspective of arts.

For instance, in the field of weather forecasting and climate investigation, Beuker and Boerstra conducted
research in order to investigate the results of climate change by using infographics and consequently
published their paper in the International Conference on Healthy Buildings (Beuker & Boerstra, 2012). In
addition, Tuncali (2016) focused on how infographics is used in environmental issues such as creating
environmental awareness. Schwabish and Jonathan (2012) ,Claes and Moere (2013), Tocque and Kennedy
(2013), and Alabdulgader (2013) conducted studies into social sciences, behaviorism and ethics by
visualizing information regarding these areas as infographics (Schwabish & Jonathan (2012); Tocque &
Kennedy (2013); Claes & Moere (2013).

These studies attempted to use infographics in order to deliver valuable information and to improve the
learners as well as the society’s knowledge regarding their society, behavioral sciences and computer
ethics. In particular, all the studies published between 2006 2016 appeared to periodically identify and
discuss the trends in data visualization in instructional technology comprising Mathematics, Engineering,
Computer Science, Arts and Humanities, Medicine, Business, and Management and Accounting.
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Figure 1: Subject area of research papers

As shown in Figure 1 many studies have been conducted on the subject of infographics or data
visualization methods in the referred academic journals containing business and technical communication,
health behavior, media and society, computer science, instructional technology, weather forecasting,
computer graphics, and marketing. Therefore, it is observed that, infographics has become a field of
educational technology. Furthermore, all the studies analyzed were created through the utilization of
document based citation analysis rather than journal content analysis, as had previously been the case
Citation analysis utilization began in the 1950s with Garfield (1955), who proposed the method of citation
indexing. These citations comprise the Science Citation Index-Expanded (SCIE), Arts, Humanities
Citation Index (AHCI), Social Sciences Citation Index (SSCI), and the Institute for Scientific Information
(now Thomson Reuters), so the methodological analysis was initiated through research trends and the
effectiveness of scholarly works.

Furthermore, citation analysis is utilized in the social sciences in order to examine the research assistance
of professional journals, organizations and individuals (Brown & Gardner, 1985). Additionally, citation
analysis is not only a practical method used to specify documents in a given journal with a major number
of citations, but can also show the effect of research papers on any field (Aylward et al., 2008). Moreover,
citation analysis enables researchers to investigate how frequently a study has been cited by other
scientists or how effective the study is?

The present study incorporates citation analysis on infographics in order to characterize the specifications
of the scientific content. The study analyzes 161 theoretical and experimental research papers published
during the period 2006-2016, by utilization of both qualitative indicator (subject area, author, language of
publication and university of origin) and quantitative indicators (citation of article, authorship index).
Citation analysis is performed on information obtained via the Scopus database. The study results will
enable the researchers to specify the attributes of the content of the scientific journals.
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METHODOLOGY

In this research, the Scopus database is utilized. This database is one of the largest databases in the world
that contains citations and abstracts in both peer-reviewed literature and web source quality (Ramesh &
Nagaraju, 2000). The present research is limited to 161 articles and conference papers that are related to
the fields of infographics, using the keywords ‘infographics’ and ‘data visualization’ in order to search for
published documents during the period between 2006 and 2016; furthermore, the papers were required to
have received a minimum of 400 and a maximum of 85,000 citations in the last 10 years. The gathered
data derived from the Scopus citation database have been evaluated and illustrated in the form of figures
and tables.

Additionally, the specified papers were examined based on the document type, language, sources of the
document, publication year, and citation by year, number of authors, author’s country, and the documents
that had gained the most citations. Both keywords were classified and gathered from each document in the
period 2006-2016.

Moreover, the keywords can be utilized in order to demonstrate the trends in the field of infographics. The
trend lines can be beneficial to researchers, as they facilitate comprehension of the field by presenting the
year in which the research was conducted, the area of interest, the citations and the acknowledged
communication.

RESULT

1.1. Document types
As Figure 2 below illustrates, the main papers published in different sources related to infographics
throughout 2006-2016 were documents (n=93, 57.8%), and conference papers (n=68, 42.2%).

Conference Pape... —_
(42.2%)

T Article (57.8%)

Figure 2: Types of published documents
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1.2. Document’s language

The most repeatedly used language was English in the published works on infographics throughout 2006-
2016 (n=146, 90.6%). Eleven papers were published in Spanish, one paper in German, one paper in
Arabic, one document in Korean, one paper in Portuguese, and one paper was in Catalan.

1.3. Publication year

Throughout 2006-2016, the numbers of papers on the subject of infographics have shown a yearly
increase, from 1 paper in 2006 to 12 papers in 2012. The years that contained the lowest number of
publications were 2006, 2007, and 2008 (n=1). However, 2012 was the year with the highest number of
publications (n=12). Afterward, the publication rate has been increased dramatically to 41 compare to the
earlier years. In terms of the total number of published papers, 138 (85%) have been published since 2013.

1.4. The authors of document

A total of 385 authors published 161 documents on infographics in the Scopus citation database. Authors
who published more than one paper include Parmar, A., Akkoyunlu, B., Albers, M.J., Bdschen, F.,
Carberry, Carberry, S., Cavanaugh, T., Chulkov, V., and Dick, M.. Furthermore, 281 authors wrote or co-
wrote one paper; therefore, it is observed that the majority of studies on infographics were co-authored.
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Figure 3: Authors of published documents

1.5. The author’s country

Approximately 50%, (n=87) of the papers were published in five principal countries. The rest of the
published papers (23%) were from 35 other countries. One third of the authors (n=54, 31%) conducted
their research in the United States, 30% (n=52) while documents were published in Spain and South
Korea, 7% in the United Kingdom and Brazil and the remained were published in other countries.
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Figure 4: Countries of published documents

1.6. Yearly Citation

In order to specify the impact and quality of the published documents on infographics, documents were
analyzed by yearly citation analysis in the Scopus database (February 2017). The yearly citation option
related to infographics is illustrated in Figure 4.

The sources of citation by year on infographics contain a total of 229 papers that were cited throughout
2006-2016. However, the least number of citations was (n=0) in 2006, 2007 and 2008. Afterward, the
number of citation increased gradually and rose to the highest level of citations in 2016 (n=100). The
reason for this is that infographics have become more popular in recent years; hence, most of the
educational organizations, such as universities, colleges, and schools, are trying to incorporate this method
of teaching in order to improve the learning skills in students.
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Figure 5: Published documents citation based on the year

1.7. Most frequently cited papers analysis

The papers that received more citations are recognized better by other scientists based on their research
areas and fields and also because they provide more fundamental information about the related field for
future research (Shih et al, 2008). Therefore, according to the citation numbers of the first five documents
on infographics in the Scopus citation database, the highest citations were selected accordingly.

The most cited documents in infographics were related to the research category of ‘observation’ (Borkin et
al, 2013; n=54), focusing on how visualized information can be effectively designed and how data
visualization could improve memorization. The second research document that obtained the most citations
was “Influence of the mode of graphical representation on the perception of product aesthetic and
emotional features” (Ramirez et al., 2008; n=29), which concentrates on the influence of infographic
representation on learning.

The third paper that gained the most citations (Elzen et al, 2014; n=22) was predominantly focused on
multivariate network exploration and presentations by non-expert users using the infographics teaching
method.

The fourth most frequently cited document was titled “A system for understanding imaged infographics
and its applications” (Huang & Tan, 2007; n=16), which focused mainly on understanding the semantic
information of infographics in documents and its applications. Finally, the least frequently cited document
was about “Infovis and statistical graphics: Different goals, different looks” (Gelman & Unwin, 2013;
n=13), which focused on graphical displays in statistical practice.
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Ran Study Author(s) Publicat Research Total
k ion year Design Citatio
n
1 What makes a Borkin, M.A.a, Vo, 2013 Developmental 54

visualization memorable  A.A.a , Bylinskii

Z.b, Isola,
P.c , Sunkavalli
S.a, Oliva, A.b and

Pfister, H.a
2 Influence of the mode of  Artacho-Ramirez 2008 Developmental 29
graphical representation  M.A., Diego-Mas
on the perception of J.A., Alcaide-
product aesthetic and Marzal, |.

emotional features: An
exploratory study

3 Multivariate network Van Den Elzen 2014 Developmental
exploration and S.ab, Van Wijk 22

presentation: From detail J.a
to overview via selections
and aggregations

4 A system for Huang, W. _, Tan 2007 Developmental 16
understanding imaged Gl

infographics and its

applications
5 Infovis and statistical 2013 Developmental 13

graphics: Different goals, Gelman, A.,Unwin,

different looks A

Tablel: The most cited documents in the Scopus citation database

DISCUSSION

In this study, the researchers have analyzed papers on infographics that were published in different
journals from 2006 to 2016. The study was conducted by searching the Scopus database. Citation analysis
in the study showed that 161 papers published in the Scopus database were related infographics. More
than half were articles (n=93, 57.8%), and the rest were conference papers (n=68, 42.2%). English (n=146,
90.6%) was the language mostly used in the published works about infographics.

Nevertheless, during the last few years, educational journals (BiD, Calidoscopio, Transactions of the
Korean Institute of Electrical Engineers, Revista Latina de Comunicacion Social) have published papers
not only in English but also in other languages, such as Spanish, Catalan, Korean, Portuguese, etc. Hence,
as a consequence, there has been an increase in the number of papers on infographics published in diverse
languages.

Furthermore, the numbers of papers related to infographics have shown yearly growth from 1 paper in
2006 to 12 papers in 2012. However, 2012 was the year with the maximum number of publication,
therefore the publication rate has been increased dramatically to 41 compare to the earlier years. In terms
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of the total number of published papers, 138 (85%) have been published since 2013. The reason for this is
that infographics have recently become more popular; hence most educational organizations, such as
universities, colleges, and schools, are trying to use this method of teaching in order to improve the
students’ learning skills.

Resultantly, scientists now have more access to papers and ICT developments have improve the field of
infographics. Additionally, during the last few years, technology has advanced exponentially in the areas
of computing, applications, and social networks. These technologies are represented by many applications,
including Facebook, Twitter, Instagram, Google +, Myspace, YouTube, along with the second
collaborative services generation which is called Web2.0. These services provide more dynamic
interaction and participation in the online environment which, combined with Web2.0 technology, has
initiated standard relation tools in private communication (O’Dell, 2009).

The majority of of published papers on infographics were co-authored. The same outcome was determined
by scientists such as Uzunboylu and Ozcinar (2009) and Kirby, Hoadley and Carr-Chellman (2005). These
scientists found that nearly 70% of the computer-assisted language learning and instructional system
design and learning science papers they investigated had been co-authored.

However, Latchem (2006), in the BJET (British Journal of Educational Technology) and Misra (1997), in
the American Journal of Distance Education found that 56% and 53.75% of the studies in the respective
journals had been co-authored.

Hence, based on these results, it can be observed that there is a trend in documents on infographics in
which the outcomes are based on collaborative work on the part of scientists.

In order to specify the impact and quality of the published documents on infographics, documents were
analyzed by citation analysis by year in the Scopus citation database (February 2017). The number of
published document citations was 229 in total during the period 2006-2016. However, there were (n=0)
citations during the period between 2006 and 2008. Afterward, the number of citations increased gradually
until the highest level of citations was reached in 2016 (n=100). The explanation for this is that scientists
now have more convenient access to research documents. Hence, the expectation is that the number of
citations for documents concerning infographics will rise on an annual basis.

However, the essence of this research is expressive; the aim is that the outcome of this study will be
beneficial for educators and scientists in the field of infographics. Furthermore, this citation analysis
approach is also of significant benefit for new generations of academics who choose to conduct research
(Tsai &Wen, 2005).

This approach to analysis can assist them when specifying modern study topics, trends, and methods as
well as in comprehending the effects and the effectors in the related subjects (Gall et al, 2004). Moreover,
having knowledge of the trends in recent studies can assist policy-makers in the related area when
formulating future plans. The papers specified in the proposed research are considered as significant
advances in infographics as well as other fields.

RECOMMENDATIONS

Although the current research employs an expressive method in order to specify the details of infographics
papers, some criteria should be mentioned (Hoffman & Holbrook, 1993). For instance, the citation
analysis approach does not address why or how a particular study has been cited (Everett & Pecotich,
1993). Additionally, the impact of infographics on a given paper cannot be measured in this way.
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Nevertheless, although the infographic scientists could be utilizing the information from a research in
practice; this would not necessarily result in the paper’s citation.

However, the citation analysis approach could be considered as one of the objective approaches when
evaluating a paper, it can have some disadvantages, such as gratuitous citation, self-citation, and negative
citation (Shih et al., 2008). Hence, it is recommended that a mixture of citation analysis and other
approaches should be utilized in future studies about infographic in order to achieve better outcomes and
similar research should be repeated every five years.
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