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Jorge Hirsch (2005a, 2005b) recently proposed the h index
to quantify the research output of individual scientists.
The new index has attracted a lot of attention in the sci-
entific community. The claim that the h index in a single
number provides a good representation of the scien-
tific lifetime achievement of a scientist as well as the
(supposed) simple calculation of the h index using com-
mon literature databases lead to the danger of improper
use of the index. We describe the advantages and disad-
vantages of the h index and summarize the studies on
the convergent validity of this index. We also introduce
corrections and complements as well as single-number
alternatives to the h index.

Definition and Advantages of the h Index

In evaluative bibliometrics, the measurement of research
performance at the micro level, that is, at the level of an in-
dividual scientists, is viewed as problematic (Cole, 1989).
The reasons are that (a) a sufficiently large publication output
produced in a manageable time span is necessary to obtain
statistically reliable indicators, and (b) research productivity,
publication numbers, and citation impact are not necessarily
correlated variables (Glédnzel, 2006b). However, due to scarce
resources the quantification of scientific performance is needed
for evaluation and comparison purposes to inform funding
or tenure decisions (Ball, 2005; Hirsch, 2005a).

Jorge Hirsch (2005a, 2005b) recently proposed a new re-
search performance indicator that is designed for application
at the micro level. The Hirsch index, or & index, quantifies
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as a single-number criterion the scientific output of a single
researcher. Hirsch’s index is an original and simple new mea-
sure incorporating both quantity and visibility of publications
(Egghe, 2006b; Egghe & Rousseau, 2006; Moed, 2005b;
van Raan, 2006): “A scientist has index £ if & of his or her
N, papers have at least / citations each and the other (N, — h)
papers have fewer than = £ citations each” (Hirsch, 2005a,
p- 165609; see also Rousseau, 2006b, 2006¢). A h index of 40
means, for example, that a scientist has published 40 papers
that each had at least 40 citations. A scientist’s & index will
never decrease (Sidiropoulos, Katsaros, & Manolopoulos,
2006); an increase is to be expected as new (high-impact)
papers are published, as “sleeping beauties” (van Raan,
2004b) come to life, and as the scientist’s papers attract cita-
tions (Cronin & Meho, 2006; Hirsch, 2005a). & = O charac-
terizes inactive scientific authors (Glidnzel, 2006b) that have
at best published papers that have had no visible impact.
The proposed new measure of research performance was
quickly taken up by Nature (Ball, 2005) and Science
(Anonymous, 2005). The idea of ranking scientists by a single
number and the alleged advantages that the / index has over
other citation-based indices (for example, total number of
papers, total number of citations, or citations per paper)
attracted the attention of scientific news editors. The £ index is
seen to have the advantage that it gives a robust estimate of the
broad impact of a scientist’s cumulative research contribu-
tions (Hirsch, 2005a). This means that the % index is
insensitive to a set of lowly cited (noncited) papers or to one
or several highly cited papers: A scientist with very few highly
cited papers (a “one-hit wonder”) or, alternatively, many
lowly cited papers will have a weak / index (Cronin & Meho,
2006; Egghe, 2006b, 2006c). As a rule, the index favors en-
during performers that publish a continuous stream of papers
with lasting and above-average impact (Anonymous, 2005).
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A further advantage seen for the / index is that the neces-
sary data for calculation is easy to access in the Thomson
Scientific (Philadelphia, Pennsylvania) Web of Science
database without the need for any off-line data processing
(Batista, Campiteli, Kinouchi, & Martinez, 2005). The index
can be calculated by sorting a set of papers (coauthored by
one scientist) using the “times cited” option: scroll down the
Web of Science output until the rank of the paper (in terms
of citations) is greater than the number of citations that it
has. The preceding rank equals the % index (Kelly & Jennions,
2006). According to Glidnzel (2006b), any Web of Science
document type can be considered when determining the
h index, because the 4 index is not changed by adding typical
lowly cited papers (such as meeting abstracts) or typical highly
cited papers (such as reviews).

Application of the h Index

Jorge Hirsch (2005a) originally suggested the / index for
application at the micro level, that is, as a measure to quan-
tify the scientific output of a single researcher (see, for
example, the % indices calculated by Garfield, 2006, for Nobel
Prize recipients, and Glinzel & Persson, 2005, for Derek
J. de Solla Price Medalists). However, the & index can be
used not only for the lifetime achievements of a single re-
searcher but can be applied to any (more extensive) publica-
tion set (Rousseau, 2006b). Van Raan (2006) calculates the
h index for university research groups in chemistry and
chemical engineering in the Netherlands (van Raan’s study
is described in greater detail in the following section). With
calculation of the / index for individual research groups, van
Raan is applying the index for quantification of scientific
performance no longer at the micro but at the meso level.

Braun, Glénzel, and Schubert (2005) propose a Hirsch-type
index for evaluating the scientific impact of journals as a
robust alternative indicator that is an advantageous comple-
ment to journal impact factors (see also Braun, Glinzel, &
Schubert, 2006; Sidiropoulos et al., 2006). The journal /2 index
can be calculated as follows: “Retrieving all source items of
a given journal from a given year and sorting them by the
number of times cited, it is easy to find the highest rank num-
ber which is still lower than the corresponding times-cited
value. This is exactly the s-index of the journal for the given
year” (Braun et al., 2005, p. 8; for a critique of the Hirsch-
type index, see Vanclay, 2006). Since the 4 index can not be
larger than the number of papers it is based on, Braun et al.
(2005) did not include in their exemplary calculations of the
h index of various journals with a high visibility in science
(e.g., Science, h = 13, Nature, h = 10; source year 2001)
the journals Review of Immunology (24 papers in 2001) and
Annual Review of Biochemistry (23 papers in 2001). To avoid
excluding certain journals for comparative purposes and to
calculate a journal / index whose value is largely indepen-
dent of the number of papers published in a journal, Rousseau
(20064a) proposes calculation of a relative journal / index, in
that the 4 index is divided by the number of papers published
in the journal.

Banks (2006) applies the / index to the case of interesting
topics and compounds: Bank’s 2 — b index is found by entering
a topic (search string, like “superstring” or “teleportation’)
or compound (name or chemical formula) into the Web of
Science database and then ordering the results in terms of ci-
tations, by largest first. The 7 — b index is then defined in the
same manner as the & index. With calculation of the & — b
index, it can be determined—while at the same time consid-
ering the previous research time on a topic or compound—
how much work has already been done on certain topics or
compounds, what the “hot topics™ (or “older topics”) of interest
are, or what topic or compound is mainstream research at the
present time. Based on his calculations, for example, Banks
(2006) identifies ‘“carbon nanotubes” (h — b = 167) and
“nanowires” (h — b = 105) as current, revolutionary topics in
physics, as a huge amount of work has been conducted in these
areas in a very short period of time.

Convergent Validity of the h Index

When a new indicator is proposed as a measure of the
output of a scientist’s work, there is always the question of
the convergent validity of the indicator: How does it relate to
other (advanced) bibliometric indicators and to the outcomes
of peer review, both of which are standard means of evaluat-
ing research performance? So far, a series of analyses has
been carried out to examine the convergent validity of the
h index in different fields. Hirsch’s (2005a) own computa-
tions of the & index for physicists that received the Nobel
Prize in the last 20 years, for elected members of the National
Academy of Sciences (Washington, DC) in physics and
astronomy in 2005, and for the most highly cited scientists in
the fields of biological and biomedical sciences (see Thomson
Scientific’s ISI HighlyCited.com) in the period 1983-2002
indicate “that the index £ is a stable and consistent estimator
of scientific achievement” (p. 16572). Like van Raan (2004a)
does for his “crown indicator,” Hirsch (2005a) formulates
for the & index threshold values, based on which the level of
scientific success of physicists can be determined:

An h index of 20 after 20 years of scientific activity charac-
terizes a successful scientist... An & index of 40 after
20 years of scientific activity characterizes outstanding sci-
entists, likely to be found only at the top universities or major
research laboratories ... An & index of 60 after 20 years, or
90 after 30 years characterizes truly unique individuals.
(p. 16571)

Bornmann and Daniel (2006) investigated committee peer
review for awarding long-term fellowships to post-doctoral
researchers as practiced by the Boehringer Ingelheim Fonds
(BIF) — an international foundation for the promotion of basic
research in biomedicine (see also Bornmann & Daniel, 2005a,
2005c). According to Frohlich (2001), managing director of
the BIF, applicants that demonstrate excellence in scientific
work are selected for the fellowships by the BIF Board of
Trustees (seven internationally renowned scientists); other-
wise, the applicants are rejected. To demonstrate that the
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h index is a useful yardstick to compare different scientists com-
peting for research fellowships, the index should be strongly
related to the assessment by peers (Cole, 1989; Moed, 2005a).
The results of the study by Bornmann and Daniel (2005b)
show that the % indices of approved applicants are on average
higher than those of rejected applicants. Therefore, the results
suggest that the / index is a promising rough measurement of
the quality of a scientist’s work as it is judged by internation-
ally renowned scientists in the field of biomedical sciences.

Cronin and Meho (2006) apply the & index to the litera-
ture in the information sciences. Rankings of influential US
information scientists based on raw citation counts are com-
pared with those based on / indices. As the findings show a
strong positive correlation between the two sets of rankings,
Cronin and Meho (2006) suggest that the & index can be
used to “express the broad impact of a scholar’s research
output over time” (p. 1275). In their study, Cronin and Meho
built rankings of the information scientists both using % indices
in which self-citations were included in the calculation and
h indices in which self-citations were excluded from the cal-
culation. Comparison of the two rankings revealed that, in
general, the elimination of self-citations does not much in-
fluence the rank ordering of the scientists.

To analyze the convergent validity of the / index, van
Raan (2006) used the results of an evaluation study covering
147 university research groups in chemistry and chemical
engineering in the Netherlands (total number of publications
about 18,000). Van Raan calculated correlations between
the & index and several standard bibliometric indicators as
well as the results of peer-review judgment of the groups.
The results show that the % index and the standard biblio-
metric indicators “both relate in a quite comparable way with
peer judgments” (van Raan, 2006, p. 491). Kelly and Jennions
(2006) quantified the publication output of 187 individ-
ual editorial board members (ecologists and evolutionary
biologists) of seven journals and measured the / index of
each. The calculation of the relationship between /4 index
and total publication output shows that they are closely cor-
related. In a second step of their analysis, Kelly and Jennions
(2006) inspected a sample of 18 evolutionists and ecolo-
gists ranked by Thompson Scientific as “highly cited.” Their
publication output and citation impact yielded a mean
h index of 45.

While the studies presented above confirm the conver-
gent validity of the / index in general, a study by Lehmann,
Jackson, and Lautrup (2005) raises some doubt as to the
accuracy of the index for measuring scientific performance.
The authors present a general Bayesian method for quantify-
ing the statistical reliability of some one-dimensional mea-
sures of scientific quality based on citation and publication
data. As the database, Lehmann et al. (2005) used papers in
high-energy physics from the Stanford Physics Information
Retrieval System database (SPIRES; http://www. slac.
stanford.edu/spires/hep/). The results of the statistical analy-
ses show that the mean, median, and maximum numbers of
citations are reliable and permit accurate measures of scientific
performance. The £ index is shown to lack the necessary
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accuracy and precision to be useful: The measure does not lead
to a reliable conclusion as to the quality of a scientist’s produc-
tion regarding his or her publication and citation record.

Disadvantages of the h Index

Because of the many advantages that the 4 index offers as
an evaluative bibliometric measure, and due to the simplic-
ity of calculation using the Web of Science database, the
h index has found widespread positive reception. As an al-
ternative to other citation-based indices that could be used to
measure research performance, however, some critical ob-
jections to the new index have been raised. Van Raan (2006),
for instance, states, ““it is not wise to force the assessment of
researchers or of research groups into just one measure,
because it reinforces the opinion ... that scientific perfor-
mance can be expressed simply by one note” (p. 501). Several
indicators are necessary in order to illuminate different
aspects of performance (van Raan) and to provide a more ad-
equate and multifaceted picture of reality (Glidnzel, 2006b).
The proposed disadvantage of the /4 index to quantify as a
single-number criterion the researcher’s scientific output can
therefore also be seen as a disadvantage: It “crashes the mul-
tidimensional space of bibliometrics into one single dimen-
sion” (Glinzel, 2006a, p. 320). This possibility to reduce
multidimensional bibliometrics to one single index has led
some authors to state s index threshold values that are to
be expected of successful scientists in physics and biol-
ogy (Hirsch, 2005a), and ecology and evolutionary biology
(Kelly & Jennions, 2006). In our view, however, the use of
these threshold values for categorization of the research per-
formance of individual scientists is premature. There is still
a need for a great deal of research to increase our under-
standing of the / index in different fields of science.

According to Hirsch (2005a), the / index for a scientist
can be found very easily by ordering papers by “times cited”
in the Web of Science database. However, when searching
for papers by a scientist by means of only the author search
field in the Web of Science database in order to calculate the
h index from citations of these papers, it cannot be ruled out
with certainty that papers by a different scientist of the same
name are entering into the calculation. For this reason we rec-
ommend calculating the 4 index on the basis of a complete
list of publications that is authorized by the scientist himself
or herself. Strictly speaking, the / index for a scientist can be
found easily in Web of Science only if the scientist can be iden-
tified uniquely by name or if accurate publication lists can be
pulled up in Web of Science by using a combination of the
author name and address, or affiliation, search fields.

When calculating /4 indices via publications and citations
in the Web of Science database, it must also be considered
that the real publication and citation data can be much higher
(Roediger, 2006). Only the source journals selected by
Thomson Scientific are used in the database, and unclear
citations (for example, “to appear” or “forthcoming”), incor-
rect citations (such as incorrect starting page number by the
citing author), and publications not indexed by Thomson
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Scientific (e.g., books and conference proceedings) are not
counted (Cronin & Meho, 2006; Egghe, 2006d). Completing
publication lists and manually calculating citation counts
require labor-intensive processes. Cronin and Meho show,
taking the example of the information sciences, what differ-
ent results can be expected when comparing a sample of
h indices derived from Web of Science with 4 indices gener-
ated manually.

According to Sidiropoulos et al. (2006), the 4 index “has
various shortcomings, mainly of its inability to differentiate
between active and inactive (or retired) scientists and its
weakness to differentiate between significant works in the
past (but not any more) and the works which are ‘trendy’ or
the works which continue to shape the scientific thinking”
(p. 16). Since h values (that is, published papers and the
citations papers receive) increase over time (Egghe, 2006a;
Hirsch, 2005a), it is apparent that a scientist’s 4 index depends
on the person’s scientific age (that is, years publishing,
Glénzel, 2006b; Roediger, 2006). Therefore, in ranking sci-
entists, the /4 index always puts newcomers at a disadvantage
and older, well-established scientists at a advantage (Cronin &
Meho, 2006; Glinzel, 2006b). It should also be considered
that when using the / index for comparison purposes, there are
discipline-dependent citation patterns in science (Bornmann &
Daniel, in press; Hirsch, 2005a) that are determined by the
average number of citations in a paper in a given research
field, the average number of papers produced by each scien-
tist in the field, the size of the field (number of scientists),
and the attractiveness of the research area (mainstream or
nonmainstream area). Because of these discipline-dependent
citation conventions, higher / indices can be expected in
some areas of research than in others (Iglesias & Pecharromén,
20006). For instance, citations per paper within the natural
sciences can vary by a factor of up to ten (Bowman & Marx,
2006). With the value of the & index being discipline and
time-dependent, without corresponding standardization the
h index should be used to compare the relative importance of
scientists only if they are of similar (scientific) age and work
in similar disciplines (Kelly & Jennions, 2006; Sidiropoulos
et al., 2006).

New Indices Based on the h Index

Due to the above-mentioned disadvantages of the . index
to quantify the scientific output of a scientist, a number of
corrections and complementary indexes to the & index, as
well as single-number alternatives (for example the g index),
have already been put forward. Some of the modifications and
complements go back to Hirsch (2005a) himself: To correct
the & index for self-citations, for example, “one would con-
sider the papers with number of citations just >/ and count
the number of self-citations in each. If a paper with 7 + n
citations has >n self-citations, it would be dropped from
the & count, and & would drop by 17 (p. 16571). In order to
account for the number of years of a scientist’s career to date,
Hirsch (2005a) divides the & value by the number of years
since an author’s first paper to generate the value m. As an
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alternative to m it is possible to calculate the 4 index not for
a lifetime contribution but for a definite time period (for exam-
ple, for a single publication year and/or citation year). Taber
(2005) calls an index of this type c if it refers to the most
recent calendar year.

Batista et al. (2005) propose an /; index that is comple-
mentary to h; “it lifts the i degeneracy and has the advantage
of being less sensitive to different research fields. This allows
a less biased comparison due to the consideration of coauthor-
ship” (Batista et al., 2005; see also Iglesias & Pecharroman,
2006). Assuming that the coauthorship behavior is character-
istic of each research field, Batista and colleagues “divide &
by the mean number of researchers in the /& publications,
<N,> = N, D/h, where N, P is the total number of authors
(author multiple occurrences are allowed) in the considered &
papers” (Batista, Campiteli, & Kinouchi, 2006, p. 184).
Hirsch (2005a) similarly proposed normalization of 4 by a
factor that reflects the average number of coauthors. Batista
et al. (2006) obtained rank plots of 4 and &, values for four
fields of scientific research in Brazil. The results show that
contrasting to the h-index curve, “the 4; index rank plots col-
lapse into a single curve allowing comparison among differ-
ent research areas” (Batista et al., 2006, p. 179).

Jin (2006) and Egghe (2006b) have each proposed an
alternative to the / index that is supposed to be more sensi-
tive to the level of highly cited papers. Both authors see the
insensitivity of the / index to one or several highly cited
papers not as an advantage but as a drawback. In their opin-
ion, “a measure which should indicate the overall quality of
a scientist or of a journal should deal with the performance
of the top articles” (Egghe, 2006c). Jin’s (2006) index is de-
fined as the average number of citations received by articles
in the Hirsch core (this is the articles on rank smaller than or
equal to /). Rousseau (2006b) calls Jin’s (2006) proposal the
a index. In order to account for the performance of highly
cited papers in an index, Egghe (2006b; 2006¢) proposes a
modification of the & index called the g index. The g index is
“defined as the highest number, g, of papers that together
received g or more citations. In other words, the higher the
number of citations in the top class that skew the citation dis-
tribution, the higher the g score” (Egghe, 2006b; see also
Egghe, 20064d).

Conclusion

Because of the many advantages over other bibliometric
measures that the 4 index offers as an evaluative measure for
assessing the research output of scientists and due to its (sup-
posed) simplicity of calculation based on the Web of Science
database, the / index has been well received in the scientific
community. According to Gldnzel (2006a) “the strength of
this index lies in the potential application to the assessment
of small paper sets where other, traditional bibliometric indi-
cators often fail or at least where their application proved ...
problematic” (p. 320).

The findings by Hirsch (2005a), Cronin and Meho (2006),
Bornmann and Daniel (2005b), van Raan (2006), and Kelly
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and Jennions (2006) on the convergent validity of the / index
in different research fields indicate that the / index is a valid
indicator for research performance at the micro and meso
levels. However, Lehmann et al. (2005) found that the / index
lacks the necessary accuracy and precision to be useful.
As there has as yet been no thorough validation of the
h index—that is, cross-discipline validation on the basis of
broad statistical data—for various areas of application, the
h index with the current state of research should not (yet)
be used as a criterion to inform decision making in science
(the same holds, of course, for the many complementary
indices, modifications, and single-number alternatives).

Only when these studies have been conducted and can con-
firm the validity of the 4 index should the new measure be
implemented. However, as the % index has some disadvan-
tages, just as do many other evaluative bibliometric indicators,
it should, for evaluative purposes, always be applied as an
addition and not as a substitute (Egghe & Rousseau, 2006;
Glénzel, 2006b) for other indicators that have become estab-
lished standards in recent years (van Raan, 2004a).
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