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In 2005, Hirsch (2005) introduced the h index for quantifying the research output of scientists (Bornmann & Daniel,
2007, 2009). The index was proposed as an alternative to standard bibliometric indicators (such as total citation counts)
and is defined as follows: “A scientist has index h if h of his or her N, papers have at least h citations each and the other
(Np —h) papers have <h citations each” (Hirsch, 2005, p. 16569). The h index is based on a scientist’s lifetime citedness,
which incorporates productivity as well as citation impact. The h index is approximately proportional to the square root of
the total citation counts (Franceschini & Maisano, 2010). Up to the end of 2010, the paper of Hirsch (2005) has been cited
about 660 times, which shows that the index is fascinating to many people. The considerable impact of the h index on both
bibliometricians and the wider scientific community can be traced to its simplicity and intuitive meaning (Franceschini &
Maisano, 2010).

In the Essential Science Indicators (Thomson Reuters), a research front exists to the h index (entitled “GOOGLE SCHOLAR
H-INDEX; SCIENCE CITATION INDEX; GENERALIZED HIRSCH H-INDEX; H INDEX; GOOGLE SCHOLAR CITATIONS”) consisting
of a group of highly cited papers. “A research front is a group of highly cited papers, referred to as core papers, in a specialized
topic defined by a cluster analysis. A measure of association between highly cited papers is used to form the clusters. That
measure is the number of times pairs of papers have been co-cited, that is, the number of later papers that have cited both of
them. Clusters are formed by selecting all papers that can be linked together by a specified co-citation threshold. Research
fronts can reveal emerging areas of science through citation patterns” (Thomson Reuters, 2008). The 45 papers shown in
Fig. 1 form the core papers of the h index research which were published between 2005 and 2010 with more than 3000
citations in total (date of search in Web of Science: May 2011). For each paper the percentage of the Global Citation Score
(GSC%) was calculated: It is the percentage difference between the average annual citation counts of a paper in the core and
the mean of the average annual citation counts over all 45 papers (m=15). For example, Jacso (2005) (paper no. 1 in Fig. 1)
was cited 15 percentage points below the average over all 45 papers.

We used HistCite (Garfield, 2004, 2009; http://garfield.library.upenn.edu/algorithmichistoriographyhistcite.html) to ana-
lyze the structure and relationships of the 45 papers forming the h index research front. This paper is similar to the paper
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Fig. 1. Historiograph of the 45 papers forming the h index research front. The nodes represent the 45 papers, the circle diameters are proportional to the
GCS and the arrows indicate the citation direction. GSC% is the percentage difference between the average annual citation counts of a paper in the core and
the mean of the average annual citation counts over all 45 papers (m=15).

of Zhang, Thijs, and Gldnzel (2011) who “trace the diffusion of h-related literature over a five-year period beginning with
the introduction of the h index.” Whereas Zhang et al. (2011) included all relevant literature devoted to the h index (n=755
papers) we focused on the h index research front papers. The historiography in Fig. 1 displays the linkages between these
papers. The pathway arrows indicate which later papers cited which earlier papers. The circle diameters are proportional
to the number of citations (GCS) until May 2011. Each of the papers was cited at least 5 times. The graph illustrates how
the nodes are positioned on the pathways between the papers (the so-called centrality). The interconnectedness helps to
identifying central publications. Visual overviews like those in Fig. 1 can help researchers and analysts interested in a certain
research field to identify relations between key papers and the development of topics (Aris, Shneiderman, Qazvinian, &
Radev, 2009).

As the figure shows most of the papers in the h index research front were published between 2006 and 2008. All these
papers have a high degree of interconnectedness. The most cited papers measured by GCS% are the introductions of the h
index itself (Hirsch, 2005) (paper no. 2) and the g index by Egghe (2006) (paper no. 8). Since we were interested in the topics
of research on the h index at the front, we classified each paper in Fig. 1 according to its main topic. Six topics (inductively
generated) were sufficient to classify the 45 papers: (1) citation database, (2) empirical validation study, (3) new application,
(4) theoretical analysis, (5) new index development, and (6) literature review. Eleven studies deal with the citation databases
(Web of Science, Scopus, Google Scholar) which can be used for the calculation of the h index. The main research question
of these studies is whether the databases provide different index values for the same unit (e.g., one and the same scientist).
The comparison of the feeless Google Scholar with the fee-based Web of Science and Scopus databases (for the h index
calculation) is of particular interest here.

The disadvantages discussed in connection with the hindex (Bornmann & Daniel, 2007, 2009) have led to the development
of a now large number of h index variants. These are new indices based on the h index (Alonso, Cabrerizo, Herrera-Viedma,
& Herrera, 2009; Bornmann, Mutz, Hug, & Daniel, 2011) that are supposed not to have one or more disadvantages. Eleven
studies in Fig. 1 have a focus on the development of new variants. For example, the g index proposed by Egghe (2006) (paper
no. 8) places more weight on the citation performance of a set of papers than the h index does. Further variants related to the h
index research fronts are the rindex and ar index (Jin, Liang, Rousseau, & Egghe, 2007) (paper no. 19) and successive h indices
(Schubert, 2007) (paper no. 16). The indices at aggregated levels — group, research facility or country - can be calculated
analogously to those of individual researchers or as successive h indices at higher aggregate levels (Kosmulski, 2006; Prathap,
2006). Only a small part of the ever introduced h index variants are included in Fig. 1. For a recently published meta-analysis
on the h index, Bornmann et al. (2011) identified 37 h index variants in total. Their study shows a high correlation between
the h index and its variants with an overall mean value between .8 and .9. This means that there is redundancy between
most of the h index variants (also those introduced in the core papers in Fig. 1) and the h index.
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The h index is no longer being used only as a measure to quantify the research output of scientists, but also to qualify
journals (Braun, Gldnzel, & Schubert, 2006) (paper no. 10) as an alternative to the Impact Factor for journals (Garfield, 1972)
and to evaluate ensembles of papers related to keyword or compound specific research topics (Banks, 2006) (paper no. 9).
The latter can help to differentiate between hot topics and older topics in a discipline. Both (new) applications of the h index
are part of the h index research front in Fig. 1 and seem to be the most important new areas of application as opposed to
others, e.g., the library’s h index proposed by Liu and Rousseau (2009).

In recent years a lot of studies have analyzed different aspects of the h index and its variants which are summarized
by Alonso et al. (2009), Bornmann and Daniel (2007, 2009), Egghe (2010), Norris and Oppenheim (2010), Panaretos and
Malesios (2009), Thompson, Callen, and Nahata (2009), and Zhang et al. (2011). The first published literature overview of
Bornmann and Daniel (2007) (paper no. 34) is part of the citation network in Fig. 1.

Two further groups of papers are included in the research front: the one group (named theoretical analysis in Fig. 1)
contains mathematical-statistical descriptions of the h index (or its variants) (Gldnzel, 2006) (paper no. 11) or informetric
models (Egghe & Rousseau, 2006) (paper no. 7) for the h index (or its variants). The other group of papers present the results
of empirical studies which investigated the validity of the h index and its variants (like the g index). Most of the studies
analyzed the convergent validity while they compared the h index (and its variants) with standard bibliometric indicators
(e.g., citations per paper, total citation counts) (Costas & Bordons, 2007) (paper no. 24) and with the assessment by peers
(Bornmann & Daniel, 2005; van Raan, 2006) (paper no. 4, 12). van Raan (2006) found, e.g., that the “h index . .. relate[s] in a
quite comparable way with peer judgments” (p. 491) for 147 Dutch research groups in chemistry. Other papers under this
topic deal with the robustness of the h index with regard to self-citations (Schreiber, 2008) (paper no. 39) and to perturbations
in the tail of the citation distributions (Vanclay, 2007) (paper no. 26). Hirsch (2007) (paper no. 30) investigated whether the
h index is better than other standard bibliometrics indicators in predicting future scientific achievement.

Since the h index is a fast-growing field of research, it would be interesting to see whether the h index research front
will develop within the framework of the six topics in Fig. 1 or whether other topics will become important. If the research
follows directions proposed, e.g., by Mingers (2009) the framework will not change substantially. According to Mingers
(2009) “more research is needed to study the h-index for larger and more diverse groups of researchers, especially those
earlier in their career; carry out more comparisons both across and within social science disciplines; undertake comparisons
with the more sophisticated bibliographic measures to validate the reliability of the h-index; develop rigorous stochastic
models to understand its theoretical properties” (p. 1151). We would like to add the application of the h index to topic-specific
ensembles of papers (Banks, 2006). Since the selection (retrieval) of the corresponding papers based on search terms like
keywords or materials (specific chemical substances or extensive classes of compounds) is a real challenge, more research
is needed here.

Further interesting questions for future research on the h index research front would be: When did the front appear for
the first time? What is the typical life time of a paper in the front? What is the typical life time of a topic in the front? What
are possible reasons for the fact that certain topics emerged or disappeared?
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