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Abstract. Few scientists that specialize in information systems would recognize the name one of the field’s
most cited authors, Ike Antkare. It is not that Antkare is from an obscure discipline. This aberration is the result
of a vulnerability of citation analyses. A vulnerability proven with a computer program. Today, funding,
promotion and tenure extension depend on the results of these analyses.

This paper explores the nature of citation analyses in the information systems (IS) field and classifies them
based on an adapted framework of Zupic and Cater (2015). The results illustrate two types of citation analyses.
The first type contains ranking studies using measures of the h-family index calculated on citation networks.
The second type involves co-citation analysis applying cluster or factor analysis to determine the intellectual
structure, trajectory or maturity.

Keywords: Citation analysis, scientometrics, bibliometrics.
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Introduction

Who has met Ike Antkare, one of the most cited computer scientists of the 21t century? Nobody. In
actuality, Antkare’s volume of citations is not the result of distinguished research contributions. It is
because a computer program, developed by Cyril Labbé, created nonsense papers that cite each other
to increase the citation indices of Ike Antkare (van Noorden 2014). In a system where these indices
determine who gets hired, promoted and achieves tenure extension (Cuellar et al. 2016; Rainer and
Miller 2005), it is important to understand the creation of these analyses. Even scholars that publish
regularly must confront these vulnerabilities in citation analyses, e.g., when choosing a journal for
publication or the next university for a job.

Scientrometrics, the quantification of scientific work, is devoted to the analysis of scientific performance
and the source of all these indices. Hassan and Loebbecke (2016) developed a framework to classify
scientometric studies in IS. They identified several unexplored application fields, but they did not
analyze the processes and underlying methods. Other contributions, notably Mingers and Leydesdorff
(2015) focused on source development of citation data and citation metrics. Nevertheless, there is no
contribution that analyzes the relationship between the purpose/objective of studies and their methods
used.

This paper aims to fill this gap and explore the underlying relationships between the objectives and
methods of citation analyses in IS. It pursues the following research questions:

What are citation analyses used for?
How are citation analyses conducted?

To answer these questions, the five-step framework to conduct a bibliometric analysis proposed by
Zupic and Cater (2015) was used. The framework is based on 81 bibliometric management and
organization studies. This paper aims to provide an equal overview of the citation analyses in the IS
field, but also investigates the indicators used and the relationships between the chosen characteristics
of a citation analysis.

The next section gives an overview of the framework for bibliometric analyses. After briefly describing
the methodological processing of collecting citation analysis in the IS field, these studies are
descriptively analyzed. The following discussion focuses on the audit of several statements found in the
IS literature and proposes categories of citation analyses. The conclusion completes the paper.

Conceptual Background

Citation analyses are part of bibliometrics and scientometrics. They use quantitative indicators to
retrieve information based on references. Information scientists discussed the clear definition of the
terms of bibliometrics and scientometrics as well as informetrics, altmetrics and webometrics (Hood
and Wilson 2001).

Brookes (Brookes 1990) stated: “Though the techniques of scientometrics and bibliometrics are closely
similar, their different roles are distinguished by their very different contexts.” While bibliometrics
focuses on “the application of mathematics and statistical methods to books and other media of
communication” (Pritschard 1969), scientometrics includes all quantitative aspects of the science of
science, communication in science and science policy (Hood and Wilson 2001).

Informetrics is broader term that includes scientometrics and bibliometrics (Hood and Wilson 2001)
as well as webometrics. The latter uses contemporary methodologies to analyze the web. Altmetrics is
an alternative to citation metrics with a focus on the consequence of web publications (Bjorneborn and
Ingwersen 2001; Gldnzel and Gorraiz 2015).

Given the focus on citation analyses, not all bibliometric studies are included in the scope of this paper.
For instance, counting articles or authors per article (Cocosila et al. 2009) or a co-word analysis (Liu et
al. 2016) are explicitly excluded. This is important as studies counting the number of pages of articles
belong to scientometrics and miss the underlying network character of citation analyses. Although
Zupic and Cater (2015) claim that their framework is for bibliometric studies, as the majority of their
studies are citation analyses, their framework is particularly suited for citation analysis studies. Their
bibliometric studies follow nine criteria (bibliometric methods, multiple time-periods, selection
methods, databases, bibliometric software, unit of analysis, grouping methods, visualization
methods, and visualization software).
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A random sample of citation analyses from IS confirmed the presumption that the software used for
visualization and bibliometric analysis is often not reported. Hence, these criterions are excluded from
this analysis.

With a focus on the relationship and dependencies between the different criteria, the unit of analysis
and the bibliographic method are combined in a two-dimensional matrix. This allows analysis of the
bibliographic methods used and units of analysis, but also of possible assumptions such as that author-
based analysis always uses co-citation.

The indications from the grouping method and visualization method also correlate. It is not surprising
that studies using multidimensional scaling (MDS) for grouping also use MDS as a method of
visualization. Moreover, the classification of network analysis as a visualization method, as proposed by
Zupic & Carter (2015), is problematic. The network analysis is based on the network theory (Wasserman
and Faust 1994). Besides tools for the visualization of networks, it also offers a variety of indicators to
measure the centrality, distance and other characteristics of a network. Following this argument, a
pooling without differentiation of the clustering method and the visualization method solves the
imprecisions and doubling of the originally terms used.

The variety of indicators is underrepresented in the analysis of Zupic and Carter (2015). With the
introduction of the h-index (Hirsch 2005) and its derivatives (Alonso et al. 2010), the number of
indicators has recently increased (Takeda et al. 2010). Katerattanakul et al. (2003) determined that
journal quality is multifaceted and therefore needs several different indices (in their case, 8). Each
indicator has its own advantages and disadvantages (Bordons et al. 2002; Hirsch 2005). This study
gives a descriptive overview of the use of indicators and their context of use. To achieve that in this
paper, the grouping method and visualization method criteria are merged and the new criteria has been
extended with all used indicators.

The selection method, database and bibliometric method are adopted without major adaptations. The
objective completes this paper’s set of criteria and answers the first research question. The objective
and the bibliometric method were the only criteria used by Zupic and Carter (2015) where relationship
is documented.

Several studies have listed or documented the objectives of bibliometric studies or citation analyses
(Hassan and Loebbecke 2016; Polites and Watson 2009; Zupic and Cater 2015). As the objectives of the
studies were required to be clustered, a listing approach, as used be by Polites and Watson (2009), can
not be used. The framework must classify scientometric studies. While Hassan and Loebbecke (2016)
cluster studies the proposed perspectives (functionalist, normative, interpretive and symbolic) are not
suited to answer the first research question of this paper. The framework targets a more abstract level,
whereas this study investigates citation analyses on a material and practical level. Zupic and Carter’s
(2015) list of research questions for the different bibliometric methods addresses this level. As this list
contains 24 items, it is also not well suited for clustering. Nevertheless, the list was used as a basis for
the later developed objective classification matrix.

The dimension of the analysis method is the core of this study. To date, no study has investigated the
use of different bibliometric indicators in its contextual use in the IS discipline. In the published
literature, several studies discuss advantages and disadvantages of citation indexes (Gldnzel and Moed
2002; Jennings 1998; Seglen 1997). While the earliest studies only count the number of citations
(Hamilton and Ives 1982), later studies add further data analysis techniques like clustering, factor
analysis, and multidimensional scaling (Culnan and Swanson 1986). Although the Institute for
Scientific Information (ISI) has used the impact factor to evaluate journals’ quality a century ago
(Garfield 1972), it was not used in academic studies in the IS discipline before 2000 (DuBois and Reeb
2000).

In contrast to the impact factor, which reflects the number of citations an article receives within the first
two years (Garfield 1972), the h-index considers the achievements across a lifespan (Hirsch 2005). To
compensate the effect that the age of the unit of analysis has a significant impact on the h-index, a
contemporary h-index (hc-index), a trend h-index and a normalized h-index were proposed (Anderson
et al. 2008; Sidiropoulos et al. 2007). Other scientists proposed a modified h-index (hm-index) to
compensate the diverse authorship behaviors in different disciplines (Batista et al. 2006). The hg-index
(Alonso et al. 2010) combines the h-index and the g-index (Egghe 2006), which, like the e-index (Zhang
2009), increases the weight of highly cited articles.

Recent analytical trends are towards social network analysis (SNA) methods. The range of indicators to
measure the centrality strongly varies. Besides simple, non-directional relations measurements (degree,
closeness and betweenness) (Wasserman and Faust 1994), the Bonacich power centrality (Bonacich
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1987) and freeman centrality (Freeman 1978) can be used to determine the centrality. The next step
when using SNA is to build clusters in a network. For such a cluster analysis, several cluster coefficients
(e.g., Jaccard (Jaccard 1912) or Tanimoto (Rogers and Tanimoto 1960)) and algorithms (Murtagh and
Contreras 2012) exist. Alternatively, variables instead of objects can be clustered using factor analysis.

The bibliometric laws complete the dimension of analysis methods. Lotka’s law (Lotka 1926) states that
the number of authors that published n articles is proportional with n-2. Another bibliometric law is
Garfield’s law of concentration (Garfield 1971), which states that all journals can be grouped into three
categories: core, middle and border area.

The dimension of the bibliometric methods as well as the units of analysis were described in detail by
Zupic and Carter (2015). As this study focuses on citation analyses, co-author and co-word analysis are
outside the scope. They are not based on citation but on the rare occurrence of authors or words
appearing together in a single article. Following, citation analysis, co-citation (Small 1973) and
bibliographic coupling (Kessler 1963) remain. Like Gallivan and Tao (2014), the paper classifies the
citation studies additionally in terms of the unit of analysis. Although they did not differentiate between
bibliographic coupling and co-citation, their overview of the used methods in the IS discipline serves as
a good starting point. Some of their claims, like that there are “no papers that employed journal co-
citation analysis” (Gallivan and Tao 2014) can be revised this way.

The definition of the selection methods in Zupic and Carter (2015) is limited. They did not define their
categories (journal, search, qualitative and other), with the exception of some examples and the note
that the methods can be combined. Hence, this study will use this dimension (selection method) to form
an explorative perspective. Depending on the results of the analysis of the studies, the categories may
need adjustment.

The final dimension concerns the data source. This is a widely discussed topic in scientometrics
(Harzing and Alakangas 2016). Beside the long-established Web of Science (Garfield 1964), with Scopus
(2004) and Google Scholar (2006) (Harzing and Alakangas 2016), two additional major citation
databases have been established. The results for organizational science indicate a strong dominance of
the Web of Science (69.1%) (Zupic and Cater 2015). Unfortunately, the results do not display the
chronological development of the proportions. They also only consider Scopus, not Google Scholar, as
an alternative data source. Other alternative services like Microsoft Academic Search (Harzing 2016)
are rarely used. Even for Google Scholar, Gallivan and Tao “were unable to locate any published studies
that relied on Google Scholar as the citation data source for performing co-citation analysis” (Gallivan
and Tao 2014). This and other statements were investigated in this study.

Methodology

As studies investigating citation analyses in the IS field are rare, an explorative approach was chosen.
In the first step, a systematic literature review (vom Brocke et al. 2009) was used to identify citation
analysis studies in IS. Following the suggestion of Webster and Watson (2002) the “AIS basket of eight”
and the top AIS conferences (AMCIS, ECIS, ICIS and PACIS) were examined to identify an initial set of
studies (see Table 1). An expansion on all outlets in these databases would bring up several more citation
analyses from different fields, as these are all (except for the AIS Library) cross-disciplinary literature
databases such as Science Direct. For this database this would result in around 400 studies. The vast
majority of these studies are from different disciplines. This study aims on a representative, rather than
a comprehensive, collection. While the first iteration was restricted to theses top outlets in order to
maintain precision (Biittcher et al. 2010) and quality of publication, the backward and forward search
extends the scope for a representative overview.

After excluding studies that did not conduct a citation analysis, 34 studies were left. It should be noted
that the missing keyword search of SpringerLink resulted in 17 false negative (type 2 errors). The only
publication containing ‘citation analysis’ in the keywords, which was excluded, is Li et al. (2009). They
analyzed citations of patents and were therefore excluded.

Using a reference backward search (Levy and Ellis 2006), 45 further studies were identified. After a
second sorting, 24 of the 45 studies remained. A concurrently executed author forward search resulted
in five additional studies. The second iteration of the backward search also revealed only eleven studies.
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Table 1. Literature search

Outlets | Database Search term Hits
EJIS Springer Link | "citation analysis" 15
ISJ EBSCOhost KW"citation analysis" 0
ISR Informs citation analysis (in Keywords) 0
JIT Springer Link | "citation analysis" 7
JMIS EBSCOhost KW"citation analysis" 2
JAIS EBSCOhost KW' citation analysis" 5
MISQ | EBSCOhost KW' citation analysis" 4
JSIS ScienceDirect | TITLE-ABSTR-KEY(citation analysis) | 1
AMCIS | AIS Library “citation analysis” (in subject) 6
ECIS AIS Library “citation analysis” (in subject) 4
ICIS AIS Library “citation analysis” (in subject) 3
PACIS | AIS Library “citation analysis” (in subject) 5
52

In the following phase, notices for all studies and lists of manifestations of the five characteristics
(database, selection method, bibliometric method, analyzing method, objective) were created. It turned
out that to avoid counting studies multiple times, studies like Grover et al. (2006b), Wade et al. (2006b)
and the commentary of each other’s studies (Grover et al. 2006a; Wade et al. 2006a) were removed
from the list. Beside this, bibliographic studies analyzing co-authorship (Cocosila et al. 2009) or journal
ranking comparison (Rainer and Miller 2005) were also excluded, as these articles do not apply citation
analysis.

In the next step, the objectives and methods of analysis were clustered. In the case of the objectives, a
two-dimensional matrix became apparent that was similar to the bibliometric method. Every objective
had a descriptive goal (ranking, maturity, trajectory or intellectual structure) and a hierarchical level
(document, author, journal, discipline or topic). Due to the number of different methods of analysis
used within the citation analyses, a clustering based on their resemblance was necessary. Rarely used
indicators (e.g., the number of citations per article, author or time) were grouped as relative number of
citations. Indicators that were described on different levels were aggregated. While most contributions
defined the type of centrality (e.g. between, closeness etc.), others did not go into detail.

Analysis

Gallivan and Tao (2014) stated that they were not able to find a study applying co-citation that drew
their data elsewhere than the Web of Science. Even though two studies (Bernroider et al. 2013; Hansen
et al. 2006) using Google Scholar were found in this study, the results confirm the general tendency that
these studies usually apply the Web of Science to generate the data for a co-citation analysis. This is in
contrast to the general trend, that Google Scholar is becoming the preferred source for citation analyses
(Harzing 2016; Harzing and Alakangas 2016). This is even more surprising as in Information Systems
and its cognate disciplines, like Computer Science, grey literature is important but the Web of Science
in contrast to Google Scholar does not list this literature.

Google Scholar, on the other hand, is mainly employed for ranking studies. These contributions have to
balance their scope of considered publication sources carefully. When choosing a narrow scope, which
some researchers reproach the Web of Science of doing because of its selection of journals, publications
with major practical impact are underrated. On the other hand, a citation in a practical journal has to
be rated differently from a citation in a top journal. Therefore, the choice of data source should consider
the objective of the analysis. Beside these options, the new Microsoft Academic (Harzing 2016) offers
an additional choice, which makes the decision more complex.

In IS, the Web of Science is still the dominating data source. However, as Figure 1 presents, more and
more studies use Google Scholar (launched between 2004 and 2006). During that time, Hirsch (2005)
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published the h-index. These two occurrences mark a change in the citation analyses (dotted line in the
diagram).

B Google Scholar & Web of Science A Journals @ Other
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Figure 1. Longitudinal development of the used databases

The number of citation analyses published in IS has strongly increased, but also the methods of analysis
have changed. The first ranking studies (Cooper et al. 1993; Holsapple et al. 1994) used the number of
citations and relative number of citations to assess journals according to their influence. Later studies
applied more complex indicators, like the impact factor (DuBois and Reeb 2000; Katerattanakul and
Han 2003; Walstrom and Leonard 2000). The introduction of the h-index saw several studies calculate
the h-index for authors and institutions (Dwivedi and Kuljis 2008; Truex III et al. 2008) or journals
(Bontis and Serenko 2009; Cuellar et al. 2008; Truex III et al. 2009).

Beside the h-index, its many derivatives played a part in contributing to the increased number of
ranking studies. Table 2 gives an overview of the indicators used. Due to the unique indicators (e.g.
Katerattanakul and Han 2003), especially utilized in the earlier studies, this study pooled them as
relative number of citations. The same was done for the different measures of centrality. Indicators that
are barely related to citation analysis, like the type of cited publications (Hamilton and Ives 1982), are
not listed in the table.

Table 2. Utilized methods of analysis
Indicators No. of studies Indicator No. of studies
No. of citations 37 e-index
Rel. no. of citation 13 Lotka’s law 2
Citation ratio 1 Yule-Simon’s law 1
Cited half-life 1 Centrality 8
Impact factor 3 Density 2
h-index 10 Fragmentation index 2
hc-index 7 Cluster Analysis 9
hg-index 2 Factor Analysis 13
hm-index 1 Multidimensional Scaling 8
g-index 5

The results illustrate the many different derivatives of the h-index (hc-index, hg-index, hm-index, g-
index, e-index). These and the relative number of citations, the citation ratio, the cited half-life, and the
impact factor are used to rank authors, institutions, publications or journals.
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As Gallivan and Tao (2014) stated, the majority of citation analyses include descriptive ranking studies
that produce a ranking of documents (Cordoba et al. 2012; Stein et al. 2016; Walstrom and Leonard
2000), authors (Cuellar et al. 2016; Serenko et al. 2011; Stein et al. 2016; Takeda et al. 2011; Truex III
et al. 2008), or journals (Bernroider et al. 2013; Bontis and Serenko 2009; Cooper et al. 1993; DuBois
and Reeb 2000; Grover et al. 2006a; Hamilton and Ives 1982; Holsapple et al. 1994; Katerattanakul
and Han 2003; Lowry et al. 2013). A unique study of note is the obituary of Heinz Klein (Truex III et al.
2011), which exhibits a demonstration of his influence and achievements.

Beside the two observed phases of indicators used within ranking studies, the simple and relative
number of citations, as well as the impact factor and the family of the h-index (Hirsch 2005), the SNA
was proposed as an alternative approach (Truex III et al. 2011). The objectives of the application of SNA
varies from ranking journals (Lowry et al. 2004) over the intellectual structure of IS (Oh et al. 2006),
the trajectory of platforms (Porch et al. 2015), to the maturity of cloud computing (Wang et al. 2016).

Only a very few studies, like Cordoba et al. (2012), use a ranking approach as an intermediate result.
They applied a document co-citation analysis with the most cited articles of the MISQ and EJIS. These
two stages were both recorded in this study. The source of data is the Web of Science, and they use a
simple document citation analysis using only the number of citations to rank documents. Hence, this
contribution has two bibliometric methods and two objectives. This is quite unusual.

Also uncommon is the use of citation analysis to determine the intellectual structure. But two studies
used citation analysis to determine the intellectual structure of a topic (Fischer 2011; Serenko et al.
2010), six for IS as a discipline (Hamilton and Ives 1982; Moody et al. 2010; Nerur et al. 2005; Oh et al;
Polites and Watson 2009; Takeda et al. 2010), and Mingers and Leydesdorff (2014) for the
determination of the intellectual structure of business and management. Generally, co-citation analysis
is particularly well-suited to gain an understanding of the intellectual structure or a research trajectory
by studying relationships (Raghuram et al. 2010).

This bibliometric method constitutes the second type of citation analysis, co-citation analysis. For this
method, the literature shows contrary results. Gallivan and Tao (2014) stated, that there is no co-
citation analysis using journals as their unit of analysis. Shiau et al. (2016), however, call the document
co-citation analysis, the author co-citation analysis and the journal co-citation analysis all equally as
frequently seen. The results of this analysis only reveal one study (Mingers and Leydesdorff 2015) using
journal co-citation analysis.

Co-citation analyses usually aim to determine the intellectual structure, the trajectory or the maturity
of IS as a discipline or specific themes. Studies investigating the intellectual structure (Renaud et al.
2016; Shiau et al. 2016; Yang et al. 2016) use either: the dimension author, institution, or document.
The trajectory extends that view by the chronological development (Culnan 1986; Culnan and Swanson
1986; Lang et al. 2010; Porch et al. 2015). The maturity, however, compares disciplines or topics. These
studies use different approaches from the analysis of incoming and outgoing references (Grover et al.
2006Db) to social network and factor analysis (Wang et al. 2016).

Independent from the objective, the vast majority of citation studies following these goals use co-
citation as their bibliometric method. They use the number of citations to generate a matrix based on
either authors or documents using an initial set of articles. Depending on the numbers, the pairs with
the highest co-citations are selected, and a network is created with the authors or articles as nodes and
the citations as links. Based on these networks, a factor (Gallivan and Tao 2014; Hsiao and Yang 2011;
Pilkington and Meredith 2009; Renauld et al. 2012) or cluster analysis (Raghuram et al. 2010) is often
performed. The results are often represented using MDS (Eom et al. 1993). Recently several studies
applied SNA. The first study (Oh et al. 2006) measuring centrality was published in 2006. Several other
studies followed soon after (Bernroider et al. 2013; Kim and Barnett 2008; Lowry et al. 2013; Polites
and Watson 2009; Wang et al. 2016).

Many cluster and factor analyses (Shiau et al. 2016; Yang et al. 2016) do not provide any information
about the similarity coefficients, clustering algorithms and methods to determine the optimal number
of clusters used in the study (Hardle and Simar 2015). In contrast, studies using SNA usually detail the
indicators used (Lowry et al. 2013; Porch et al. 2015; Takeda et al. 2011).

Although the procedures of co-citation analyses look alike, there are no studies using the same method
of analysis that aim toward different objectives. Contrarily, there are several different approaches to
answer the same or like research question (Grover et al. 2006a; Wade et al. 2006a). Although there are
studies that determine the intellectual structure, majority or trajectory that use the number of citation
and MDS, additional methods set their objective. For example, the combination of the number of
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citations, a factor analysis and MDS aims for the intellectual structure of a topic (Eom et al. 1993;
Pilkington and Meredith 2009; Renauld et al. 2012).

Comparing the overall results (Table 3) partly confirms the findings of Zupic and Cater (2015).
However, differences between organizational science and information systems are exhibited. The
smaller proportion of co-citation studies may be due to the relatively recent advance of information
systems. The ranking studies, which dominated the field in the last decade, commonly use citation
analysis.

Table 3. Results comparison with Zupic and Carter (2015)
Criteria Manifestation Studies | Proportion | Zupic and Carter
Bibliometric method | Citation 44 66.7% 66.7%
Co-citation 26 39.4% 72.8%
Bibliographic coupling | o 0.0% 3.7%
Co-author - - 7.4%
Co-word - - 13.6%
No - - 48.1%
Selection method Journal 38 57.6% 50.6%
Search 16 24.2% 58.0%
Qualitative 2 3.0% 22.2%
Other 10 15.2% 6.2%
Database SSCI 41 62.1% 69.1%
Google Scholar 13 19.7% -
Scopus 0o 0.0% 3.7%
Other 6 9.1% 4.9%
Self-constructed 7 10.6% 16.0%
Not reported 2 3.0% 6.2%
Unit of analysis Document 23 34.8% 55.6%
Author 24 36.4% 33.3%
Journal 21 31.8% 8.6%

The higher proportion of Google Scholar could be because most studies were published after 2005 and
the popularity of Publish or Perish (Harzing 2007), a bibliometric tool, only supported Google Scholar
before 2016.

Discussion

Although this study does not claim to be a comprehensive selection, it is the largest known collection of
citation studies in IS. It contains, beside the studies of other collections of publications in the field
(Gallivan and Tao 2014; Hassan and Loebbecke 2016; Mingers and Harzing 2007), several additional
studies to achieve a representative picture.

The focus of this analysis was on citation analysis and its methodologies. The case of the two studies
(Grover et al. 2006b; Wade et al. 2006b) conducting the same analysis with the same objective and
coming to a different result illustrates the sensitivity of citation analyses and their interpretation. Both
studies used Web of Science and a selection of journals to generate their data. They used the number of
citation on a journal citation network and yet generated different results. While Wade et al. (2006b)
came to the conclusion that IS has not yet attained the status of a reference discipline, Grover et al.
(2006b) reached a different conclusion. Both research teams cross referenced each other’s approach
and discussed their scope choices (Grover et al. 2006a; Wade et al. 2006a). Chua et al. (2002)
demonstrated the sensitivity of the choice of journal basket on the measures and their validity.
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The cases of Grove et al. (2006b; 2006a) and Wade et al. (2006a, 2006Db) illustrate the importance that
the audience of a citation analysis critically reflects the results and conclusions. It is essential to be able
to systematically understand the decisions made and their implications. This study adapted the
framework of Zupic and Carter (2015) to classify citation analyses in IS. The results reveal that rankings
use citation analysis as their bibliometric method without exception.

Most of the few citation analyses ranking publications (Stein et al. 2016) or authors (Truex III et al.
2009) use the outcomes as a mid-result. For example, to generate a set of publications for a co-citation
analysis (Bernroider et al. 2013; Cordoba et al. 2012; Cuellar et al. 2016; Sadiq et al. 2011). The more
popular journal citation analyses, however, are often used as a substantive contribution (Bontis and
Serenko 2009; DuBois and Reeb 2000; Holsapple et al. 1994; Lowry et al. 2013). Although they all rank
journals, their criteria differ from measuring the impact with the impact factor (Lowry et al. 2013) to a
multiple criteria assessment of the quality (Forgionne and Kohli 2001).

Another application of the ranking capability of citation analysis was not found, although the character
could be used within literature search, as an example. This finding confirms other results (Hassan and
Loebbecke 2016), that citation analysis have yet not been used as a literature search tool. This is a
prominent gap and highlights the need for bibliometric tools in literature searches.

The second identified type uses co-citation analysis to determine the intellectual structure, trajectory or
maturity of IS or a subfield of IS (e.g. decision support systems). Although the objective of co-citation
studies varies, they all follow a straightforward procedure finishing with a factor or cluster analysis
sometimes combined with MDS. Recently, SNAs have also been used to determine the intellectual
structure (Kim and Barnett 2008). Beside the upcoming use of SNA in citation analysis, another
emerging trend that has not been used in IS is the application of bibliometric methods for the detection
of trends in research (Glianzel and Thijs 2012; Zitt 2015).

Table 4 summarizes the common options for the five dimensions including justification for their
inclusion. Upon scrutinization of the summary, some relationships can be identified. The table, and
data, show a strong dependency between the objective and bibliometric method. The method of analysis
depends on the bibliometric method as well as on the objective. The h-index ranks the unit of analysis
and is calculated based on a citation network. The selection method and database, however, are
sometimes not well reported and in very few cases scrutinized. Usually the choice is related to the
accessibility of databases and tools. In many cases Google Scholar is not reported as the used database,
but Publish or Perish (Harzing 2007). Only through the date of publication (before 2013) and the
statement of Harzing (2016) can these studies can be unambiguously identified as a study using Google
Scholar.
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Table 4. Conducting citation analysis

Dimension | Options

Database Web of Science | Google Scholar MS Journal
e Selective e Comprehensive Academics e Selective
collection of e Includes grey e Alternative | ¢ Not
outlets literature for WoS recommended
Selection Comprehensive | Search Journal Qualitative
method e General e Systematic e Topic-oriented  |e Subjective
statements literature review |e Comparisons
- e Topic-oriented
(<D}
- . . . . . . . . .
S | Bibliometric | Citation analysis Co-citation analysis
2 | method e Ranking e Intellectual structure
3
&) o SNA (Intellectual structure, trajectory, e Trajectory
maturity) o Maturity
Method of Sim. number of | Rel. number of | h- SNA Multivariate
analysis citations citations family |e Explor- | analysis
e Co-citation e Ranking index ative e Co-citation
e Comparisons e Comparisons * Ranking analysis
e Citation
analysis
use | Objective Ranking Intellectual Trajectory Maturity
structure
Conclusion

This paper aims to analyze the objectives and procedures of citation analyses. The framework for
conducting bibliometric analysis was adjusted and used to classify citation studies. In contrast to Zupic
and Carter (2015), this study focuses more on the methods to analyze citation networks. As co-word and
co-authorship based on the number of occurrences in conjunction with two words or authors, the
indicators evidently distinguish from studies considering references.

Although a wide-scale literature search was conducted, this study does not claim to be a comprehensive
analysis, but rather a representative analysis. As the proportion of different bibliometric methods is of
secondary interest, this analysis considers all studies despite the implication of replication studies.
Similar studies from the same author or team of authors (Eom et al. 1993; Eom 1996; Eom and Farris
1996) were all considered.

Finally, 66 citation analyses were classified. The results represent an overview of the purposes for which
citation analyses are used in the IS discipline. The two identified types of citation analyses are ranking
studies which nowadays mainly use measures of the h-index family. Co-citation analyses, the second
identified type, is used to determine the intellectual structure, trajectory or maturity of IS or a specific
topic (e.g. knowledge management). They usually use a factor or cluster analysis to group the authors
or publication. Furthermore, SNAs are increasingly used for the same objectives by utilizing co-citation
as well as citation networks.

The adapted framework, with its options for every dimension (see Table 4), serve as a guideline for
interested scientists for the evaluation and classification of citation analysis as well as for authors
conducting a citation analysis.
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