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n the meaningful and non-meaningful use of reference sets in bibliometrics

In a paper published recently, Kaur, Radicchi, and Menczer (2013) used data from the Scholarometer
http://scholarometer.indiana.edu/) to examine the effectiveness of various metrics, such as the h index (Hirsch, 2005) and
he new crown indicator (Lundberg, 2007; Opthof & Leydesdorff, 2010; Waltman, van Eck, van Leeuwen, Visser, & van Raan,
011a; Waltman, van Eck, van Leeuwen, Visser, & van Raan, 2011b) in generating field-normalized citation scores. While
he subject of field-normalization in bibliometrics has up to now been discussed primarily at the paper level (Bornmann

 Leydesdorff, 2013), Kaur et al. (2013) have been looking at the author level: which metric allows an effective method of
eld-normalization with which scientists can be compared across different fields? There have already been numerous calls

or benchmarks for comparative assessment in order to evaluate individual scientists (Garfield, 1979; Kreiman & Maunsell,
011). Something that is very difficult to implement for individuals (Coleman, Bolumole, & Frankel, 2012; El Emam,  Arbuckle,
onker, & Anderson, 2012) can be achieved at the institutional level with the data from the rankings, as Bornmann and de

oya Anegón (2014) have shown in their study (provided that one accepts the reasoned decisions which are made for
onstructing the rankings).

We  would like to use the paper by Kaur et al. (2013) as a starting point for an investigation into an appropriate method
f field-normalization (at individual scientist level). In bibliometrics, in order to allow cross-disciplinary comparisons of
itation impact at the level of individual papers, a reference set made up of all the papers from the same field (and the same
ublication year) is compiled for each paper. One can expect that the Web  of Science (WoS, Thomson Reuters) and Scopus
Elsevier) have a good coverage of the literature in the natural and life sciences (Mahdi, d’Este, & Neely, 2008). Only by taking
ll the comparable papers into account is it possible to ensure that the measurement of the impact of the paper in question
s valid compared to similar papers (Bornmann & Marx, 2013a). If only some of the total numbers of papers are used in the
eference sets, there is no comparison with the relevant reference sets.

In their study, Kaur et al. (2013) use bibliometric data for scientists who have used the Scholarometer tool to normalize
etrics at the level of individual scientists. As we  can assume that not all scientists worldwide use this tool (nor a sample
hich can be interpreted as meaningful, such as all scientists with at least one paper in WoS), it is not possible to generate
eaningful and valid reference data at the level of scientists on this basis. In order to test the various metrics in their study,

he authors would have had to normalize each scientist recorded in Scholarometer with an appropriate valid reference set
including all scientists). Only then would they have been able to verify the effectiveness of the metrics using the example
f scientists from Scholarometer.

Where the new crown indicator is concerned, which Kaur et al. (2013) included in their comparative study along with
thers, there is an additional problem in that it was  obviously also calculated with Scholarometer data. The expected citation
ate for a publication is therefore not – as is a currently standard in bibliometrics – calculated over the impact of all the
ublications in a subject category of the Web  of Science (WoS, Thomson Reuters) or in a Scopus (Elsevier) subject area and

 publication year, but over the impact of a selection of publications which users of the Scholarometer have entered quite
andomly and assigned to certain disciplines. Can we call this a valid reference set? We  would say not.

Bibliometric data used to evaluate research on the level of individual scientists is highly critical data and should therefore
e compiled very carefully (Bornmann & Marx, 2013b; Marx & Bornmann, 2014). In the Scholarometer, users can enter names
f scientists as they wish, assign these scientists to certain disciplines, and compile their publication sets. Even though there
re processes implemented in the Scholarometer which are supposed to prevent serious misclassifications (Kaur et al., 2012),
ne can assume that these assignments are not high-quality. However, we need high-quality data when we  put reference
ets together and use them for the evaluation of research. Indeed, the database operator Chemical Abstracts Services, for
xample, employs a number of highly specialised people to assign individual publications in chemistry and its related fields
o specific subject categories (Bornmann, Marx, & Barth, 2013; Bornmann, Mutz, Marx, Schier, & Daniel, 2011). Thomson

euters (WoS) and Elsevier (Scopus) have addressed the problem of subject matter classification by assigning journals (and
ot individual papers) to subject categories. Despite much criticism (Bornmann, Mutz, Neuhaus, & Daniel, 2008b; Rafols &
eydesdorff, 2009), this classification is currently used as a standard in bibliometrics.
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Unlike other studies which have looked at the normalization of citation impact, Kaur et al. (2013) normalize on the
level of individual scientists. If one normalizes at the level of individual authors, it is essential to take into account not
only the publication year and the field of the papers, but also the academic age of the scientist (Bornmann & Marx, 2013b).
Biochemists in the Scholarometer database may  perform better than biologists on average, only because on average the
biochemists who used the tool were older than the biologists. The differences in performance which Kaur et al. (2013) show
in Fig. 1, for example, are not necessarily related to the subject. So when working at the level of individual authors, one
should also normalize for the year in each case. It is possible to do this by dividing the metric by the academic age. With the
m quotient, which was proposed by Hirsch (2005), h is divided by the number of years since the first publication. There is
another option: to include only scientists of a specific academic age in a reference set. For example, one could include all the
scientists whose first publication appeared within a certain period.

The final points that we would like to address concerns (1) the metrics which Kaur et al. (2013) included in their tool
and (2) the data base used (Google Scholar, GS). (1) Strictly speaking, the metrics are not directly comparable with each
other. As a number of studies of the h index and its variants have shown, primarily these studies measure output and not
impact (Bornmann, Mutz, & Daniel, 2008; Bornmann, Mutz, Daniel, 2009; Bornmann, Mutz, Daniel, Wallon, et al., 2009). It
is therefore not possible to compare them to pure citation-based measures such as the new crown indicator. (2) We  do not
advise to use GS as a sole basis for a bibliometric analysis. Several studies have pointed out that GS has numerous deficiencies
for research evaluation (Bornmann, Marx, et al., 2009; García-Pérez, 2010; Jacso, 2009, 2010). For Jacso (2008) GS “does a
really horrible job matching cited and citing references” and “often can’t tell apart a page number from a publication year,
part of the title of a book from a journal name, and dumps at you absurd data.” Meho and Yang (2007) conclude that overall,
GS is “not conducive for large-scale comparative citation analyses” (p. 579).
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