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In August 2005, Jorge Hirsch introduced with the h index a
new research performance indicator. His index is an original
and simple new measure that incorporates both quantity and
visibility of publications. Since 2005, a number of corrections
and complementary indices to the h index as well as single-
number alternatives have already been put forward. We ex-
amine in the present study the h index and the most impor-
tant h index variants that have been proposed and discussed
in the literature. The aim of the analysis is to determine em-

pirically the extent to which the usage of the h index and its
variants for measuring the performance of journals results in
an incremental contribution against the Journal Impact Fac-
tor (JIF). JIF, h index, and different variants of the h index
were calculated for 20 organic chemistry journals. As the fin-
dings reveal high intercorrelations, the different performance
measures could be called redundant in empirical application.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

1 Introduction

In August 2005, Jorge Hirsch — a physicist at the Univer-
sity of California, San Diego, USA — introduced a new re-
search performance indicator. His index is an original and
simple new measure incorporating both quantity and visi-
bility of publications: “A scientist has index / if & of his or
her N, papers have at least / citations each and the other
(N, — h) papers have =/ citations each.”l"l All papers by a
scientist that have at least / citations are called the “Hirsch
core”.”l An / index of 20 means that a scientist has pub-
lished 20 papers that each has at least 20 citations. Hirsch!!!
originally suggested the / index for application at the micro
level, that is, as a measure to quantify the scientific output
of a single researcher. The 4 index was put forward as a
better alternative to other citation-based metrics that could
be used to measure research achievement (for example, total
number of citations or citations per paper).>4

The £ index is seen to have the advantage that it gives a
robust estimate of the broad impact of a scientist’s cumulat-
ive research contributions.!'! This means that the / index is
insensitive to a set of infrequently cited (or non-cited) pa-
pers or to one or several highly cited papers.[’! It combines
number of publications and citation counts in a “balanced
way”:[ It “represents an attempt to strike a balance be-
tween productivity and quality and to escape the tyranny
of power law distributions which place strong weight on a
relatively small number of highly cited papers”.l”) The index
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favors “those authors who produce a series of influential
papers rather than those authors who either produce many
papers that are soon forgotten or produce a few that are
uncharacteristically influential”.®l A study of Hirsch[®!0l
found that the /2 index measures not only past productivity,
but also predicts future productivity accurately.

Besides the advantages, a number of disadvantages of the
h index have been named in recent months:[!!:!?1 “One of
these disadvantages is that it is insensible to high perform-
ances as it does not take the number of citations into ac-
count. Another disadvantage is that it never decreases even
if a scientist has long stopped publishing.”!!3! Because of
the disadvantages of the / index to quantify the scientific
output of a scientist, a number of corrections and comple-
mentary indices to the / index as well as single-number al-
ternatives have already been put forward.™ The @ index, for
example, indicates the average number of citations of the
publications in the Hirsch core. This index is meant to im-
prove on the /4 index by giving more weight to highly cited
papers than the /4 index does.

2 Hirsch-Type Indices for Journals

Hirsch!!! originally suggested the / index as a measure to
quantify the scientific output of a single researcher. How-
ever, not only can the /. index be used for the lifetime
achievements of a single researcher but it can also be ap-
plied to any (more extensive) publication set.['*!3 Van
Raanl'® calculates the 4 index for university research
groups in chemistry and chemical engineering in the Ne-
therlands. Braun et al.[%!7-22] propose a Hirsch-type index
for evaluating the scientific impact of journals. The journal
h index can be calculated as follows: “Retrieving all source
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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 number which is still lower than the corresponding
times cited value. This is exactly the /-index of the journal
for the given year.”[

The / index for journals was introduced as “a robust al-
ternative indicator advantageously supplementing journal
impact factors”.?! Journal impact factors (JIFs) are calcu-
lated by the scientific division of Thomson Reuters (Phila-
delphia, PA, USA) and are published annually in the Jour-
nal Citation Reports (JCR). The JIF was developed in the
1960s by Eugene Garfield and Irving H. Sher, who were
concerned that by simply counting the number of articles a
journal published in any given year, the small but influential
journals in their Science Citation Index would be missed.**]
The JIF is the average number of times papers from the
journal published in the past two years (e.g. 2005 and 2006)
have been cited in the JCR year (e.g. 2007).**! However,
owing to the availability and utility of the JIF, promotion
committees, funding agencies, and scientists have taken to
using it as a shorthand assessment of the quality of scien-
tists or institutions rather than only journals. “It has be-
come vital to get papers into high impact-factor journals;
just one such paper can change the prospects of a postdoc
from nonexistent to substantial.”[>]

According to Seglen,*?! JIFs are not statistically repre-
sentative of individual journal papers and correlate poorly
with actual citations of individual papers. A few highly cited
papers can have a very strong influence on the JIE[7 A
study of Oswald?®! of six economics journals shows “that
the best article in an issue of a good to medium-quality
journal routinely goes on to have much more citations im-
pact than a ‘poor’ article published in an issue of a more
prestigious journal”. Furthermore, the JIF is affected by
calculation errors/inconsistencies (particularly because in
the numerator all citations to all types of publications are
counted, and in the denominator only the number of the
so-called ‘citable’ documents is considered).l*”! Since JIFs
are very problematic when used for evaluation purposes, in
the generic statement on criteria and working methods of
the United Kingdom’s Research Assessment Exercise,?% it
is stated that “no panel will use journal impact factors as a
proxy measure for assessing quality”.

Against the background of the JIF disadvantages, the /
index and its variants applied to journals could be interest-
ing alternatives. We examine in the present study the / index
and the most important /2 index variants that have been
proposed and discussed in the literature: g index,*! 4(2)
index,3? ¢ index,3 and r index.?¥ The aim of the analysis
here is to determine empirically the extent to which the us-
age of the / index and its variants for measuring the per-
formance of journals does in fact result in an incremental
contribution against the JIF, as it was claimed, for example,
by Chapron and Huste!'”! for journals focusing on biology:
“If journals were ranked according to their /4 index, the hi-
erarchy would better reflect journal status”. Although the
different performances measures may be conceptualized dif-
ferently, in their empirical application, they may be highly
1472
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correlated with each other. If the present study were to re-
veal high intercorrelations, the indices could be called re-
dundant in empirical application.!

According to Harzing and van der Wal,[3%] “examples of
the application of the /-index to journals are still scarce”.
Our search in literature databases revealed that only four
empirical studies have been published up until now. In the
present study, we investigate for the first time the question
of an incremental contribution of the /i index and its vari-
ants against the JIF for chemistry-related journals.

3 Methods

3.1 Journals Considered in the Present Study

In 1976, Garfield®”! introduced the Journal Citation Re-
ports (JCR) as an instrument to evaluate the significance
of scholarly journals. Today, the most important journals
worldwide are listed in the JCR with a series of bibliometric
data and indicators (e.g. total citations and JIF). Each jour-
nal is classified in the JCR by using 172 subject categories.
For chemistry, the categories analytical, applied, inorganic/
nuclear, medicinal, multidisciplinary, organic, and physical
are used.’® The EUR J ORG CHEM belongs to the cat-
egory organic. In the present study, we calculated the JIF
and different variants of the Hirsch-type indices for this and
for a further 19 journals that are assigned by Thomson
Reuters to the organic subject category (see Table 1). We
did not consider all 56 journals that are classified by
Thomson Reuters in the JCR as “Chemistry, Organic”. To
have a comparable set of journals for statistical analyses,
journals that specialize in certain substance classes (e.g.
HETEROCYCL COMMUN and POLYCYCL AROMAT
COMP) as well as journals that publish only minireviews
(e.g. ALDRICHIM ACTA) or serials (e.g. ADV PHYS
ORG CHEM and ADV HETEROCYCL CHEM) were ex-
cluded.

3.2 Definitions of the /# Index Variants

g index: By holding that “a measure which should indi-
cate the overall quality of a scientist ... should deal with the
performance of the top articles”, Egghel*'! proposed the g
index as a modification of the /# index. For calculation of
the g index, the same ranking of a publication set — papers
in decreasing order of the number of citations received — as
that for the 4 index is used.> Egghel3!l defines the g index
“as the highest number g of papers that together received
g2 or more citations. From this definition it is already clear
that g = h”. In contrast to the % index, the g index gives
more weight to highly cited papers. The aim is to avoid a
disadvantage of the / index that “once a paper belongs to
the top / papers, its subsequent citations no longer
‘count’”.3

h(2) index: Like the g index, calculation of the 4(2) in-
dex also gives more weight to highly cited articles: “A scien-
tist’s 4(2) index is defined as the highest natural number
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such that his /2(2) most-cited papers received each at least
[A(2)]? citations”.B2 An h(2) index of 20, for example,
means that there are at least 20 papers in a paper set, of
which each has been cited at least 400 times. Obviously, for
any paper set, the /1(2) index is always lower than the /
index.

a index: According to Burrell, the A-index seeks to
identify the most productive core of an author’s output in
terms of most received citations”. The « index includes in
the calculation only papers that are in the Hirsch core; it is
defined as the average number of citations of papers in the
core. The proposal to use this average number of citations
as a variant of the /7 index was made by Jin, the main editor
of Science Focus;*3 Rousseaul' referred to this index later
as the a index.

r index: Jin et al.’4 observed critically that with the a
index, “the better scientist is ‘punished’ for having a higher
h-index, as the A-index involves a division by /”. Therefore,
instead of dividing by /4, the authors suggest taking the
square root of the sum of citations in the Hirsch core to
calculate the index. Jin et al.B¥ refer to this new index as
the r index, as it is calculated using a square root. As the r
index — similar to the « index — measures the citation inten-
sity in the Hirsch core, the index can be very sensitive to
just a very few papers receiving extremely high citation
counts.

Some alternatives to the / index, which are not relevant
for the data set examined in this study, were not considered:
As all journals for which indices were calculated in the pres-
ent study publish organic chemical research, i.e. the jour-
nals are categorized by Thomson Reuters in the subject cat-
egory “Chemistry, Organic,” there is no need to compare
index values across scientific disciplines or chemical subfi-
elds. For this reason, we did not use the standardizations
of the / index developed by Batista et al.,*!l Iglesias and
Pecharroman,™?#3 Imperial and Rodriguez-Navarro,[*¥ Le-
vitt and Thelwall,**! and Radicchi et al.[4°]

[40] «

3.3 Statistical Analysis

The aim of the analysis here is to determine empirically
the extent to which the usage of the / index and its variants
does in fact result in an incremental contribution against
the JIF. We used for the analysis the most recent JIFs of
the organic chemistry journals from the 2007 JCR Science
Edition. These JIFs were calculated by dividing the number
of citations in the year 2007 by the total number of papers
published in the years 2005 and 2006 (we included all docu-
ment types in the calculations). To make the Hirsch-type
indices comparable to the JIF,qq;, we used exactly the same
time windows to calculate the index values: the publications
in the years 2005 and 2006 and the citations of these publi-
cations in the year 2007.471 In other studies,*® different
publication and citation windows are considered for the cal-
culation of the JIF and the Hirsch-type indices. However, if
the statistical analyses in these studies point out differences
between the indicators in measuring scientific performance,
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it is not clear whether these differences are the result of
different mathematical index concepts or different time win-
dows used for the calculation.

The citation searches in the Science Citation Index (SCI,
provided by Thomson Reuters) for the determination of the
h index and its variants were conducted in November 2008
through the online database service STN International
(http://www.stn-international.de/)  operated by FIZ
Karlsruhe in Germany. According to the JIF formula
(which counts the citations of all document types dividing
by the number of citable items: only articles, communica-
tions, and reviews), we included all document types in the
calculations of the citations. The counting of the publica-
tions is not relevant when establishing the / index and its
variants by citation ranking because the non-citable items
usually appear outside the Hirsch core.

The type and strength of the correlation between dif-
ferent performance measures (e.g. JIF and /4 index) were
determined by using Spearman’s rank-order correlation. As
we were reluctant to make the assumption of bivariate nor-
mality, we used the Spearman’s rank-order correlation in-
stead of the Pearson’s product-moment correlation.[8] The
assumption of bivariate normality was tested with the skew-
ness and kurtosis test as described by D’Agostino et al.[*’]
but with the adjustment made by Royston.’® The strength
of the relationships between the measures are interpreted
by using the guidelines of Cohen®'l and Kraemer et al.[>?]

4 Results

Table 1 shows the number of publications (V) in 2005/
2006, proportion of reviews among the publications (P,),
JIF5097, h index, g index, /2(2) index, a index, and r index
calculated for 20 organic chemistry journals. Besides indi-
cator values, rank orders for different sortings of the jour-
nals are presented. As Table 1 reveals, there is a great differ-
ence between the journals with regard to the number of
publications in 2005/2006 (min = 45 publications in CURR
ORG SYNTH; max = 3997 publications in TETRAHE-
DRON LETT) and the proportion of reviews (min = 0%
reviews in ORG LETT and SYNTHETIC COMMUN;
max = 71.1% reviews in CURR ORG SYNTH). Since the
h index cannot be larger than the number of papers it is
based on, Braun et al.'¥ recommend that journals publish-
ing only a few highly cited papers should not be included
in a ranking list that is based on the / index — this concerns
mainly journals that predominantly publish reviews.?”) As
the /1 index for the journals in Table 1 with a few papers in
2005/2006 (Np) and/or a high proportion of reviews (P,)
among the papers is clearly smaller than N, it is not neces-
sary to follow the recommendation of Braun et al.l[% to ex-
clude certain journals from this study.

The results in Table 1 indicate that the JIF, « index, and
r index are able to differentiate better between the journals
than the % index, g index, and /(2) index. The reason is
that the first group of performance measures are decimal
numbers and the second group integers. The worst differen-
1473
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Table 1. Number of publications (NN,) in 2005/2006, proportion of reviews among the publications (P,), JIF,qy7, & index, g index, h(2)
index, a index, and r index calculated for 20 journals of the subject category “Chemistry, Organic” (sorted by JIF,g;). Besides indicator
values, rank orders for different sortings of the journals are presented.

Journal N, Pl JIF,y Rankby /index Rankby gindex Rankby /(2)index Rankby  aindex Rank by rindex Rank by
JIF 007 h index g index h(2) index a index r index
ORG LETT 3060 0.0 4.802 1 25 1 29 1 5 1 3092 3 27.80 1
CURR ORG CHEM 229 576 3961 2 13 8 16 8 4 6 17.62 8 15.13 8
J ORG CHEM 3127 3.7 3.959 3 21 2 25 4 5 1 26.76 5 2371 4
ORG BIOMOL CHEM 1195 27 3.167 4 15 6 27 2 5 1 3893 1 24.17 2
EUR J ORG CHEM 1152 75 2914 5 17 4 23 5 5 1 27.12 4 2147 5
TETRAHEDRON 2564 4.6 2.869 6 18 3 26 3 5 1 3217 2 24.06 3
CURR ORG SYNTH 45 71.1 2.844 7 7 11 8 11 2 12 8.29 14 7.62 12
SYNLETT 1555 19 2.763 8 15 6 19 6 4 6 21.13 6 17.80 7
TETRAHEDRON LETT 3997 0.1 2.615 9 17 4 19 6 4 6 19.94 7 1841
SYNTHESIS-STUTTGART 1147 40 2257 10 13 8 15 9 4 6 16.85 9 14.80 9
MINI-REV ORG CHEM 48 333 2.000 11 5 13 8 11 3 10 10.40 10 7.21 13
ARKIVOC®! 606 25 1.253 12 8 10 9 10 3 10 9.50 12 8.73 10
LETT ORG CHEM 379 0.5 0.981 13 5 13 8 11 2 12 9.80 11 7.00 14
SYNTHETIC COMMUN 870 0.0 0977 14 7 11 8 11 2 12 9.00 13 7.94 11
MOLECULES 260 42 0.940 15 5 13 6 15 2 12 6.40 16 5.66 15
ORG PREP PROCED INT 93 161 0857 16 4 18 5 17 2 12 5.75 18 4.80 19
CHINESE J ORG CHEM 593 27 0.766 17 5 13 6 15 2 12 6.40 16 5.66 15
J SYN ORG CHEM JPN 204 422 0628 18 4 18 5 17 2 12 6.75 15 520 17
RUSS J ORG CHEM+ 660 2.6 0.511 19 4 18 4 20 2 12 425 20 4.12 20
INDIAN J CHEM B 560 02 0.368 20 5 13 5 17 2 12 5.20 19 5.10 18

[a] It should be mentioned here that the publication category “review

”»

refers to the document type “review” as used by Web of Science

(Thomson Reuters) for classifying the entire scientific literature. The document types assigned by the journals for classifying their own
publications, however, may differ more or less from the categorization introduced by the database producer. [b] ARKIVOC data were
cleared from publications covered in SCI with ANON as author. These papers with anonymous authors are editorial contributions, which

cannot be matched.

tiation between the journals is visible for the /(2) index. It
assigns only four ranks to the 20 journals in Table 1. This
finding might be in agreement with the statement by Jin et
al.’4 that the /(2) index “is not sensitive enough” to mea-
sure appropriately research performance. However, the
missing precision of integers is not seen by all bibliometrici-
ans as a disadvantage. For Vanclay,> for example, the A
index avoids as an integer “the false impression of precision
conveyed by the three decimal points in the ISI impact fac-
tor”.

The findings in Table 1 show some differences in the rank
order of the journals depending on the performance mea-
sure. These differences are greater for some journals than
for others: CURR ORG CHEM, for example, is one of the
best performers in view of the JIF,yy; (rank 2); sorted by &
index or g index this journal is only on rank 8. In contrast,
small differences between the rank orders are visible for the
EUR J ORG CHEM. For all but one performance measure
is the rank 4 or 5; in view of the 4(2) index, the rank of
this journal is 1. By investigating the different rank orders
of the journals in Table 1 by appearance alone, it is difficult
to ascertain whether there is really an incremental contri-
bution of the /4 index and its variants against the JIF,q7.
This question can only be answered by calculating corre-
lation coefficients for the relationship between the different
performance measures.

In Table 2, Spearman rank-order correlation coefficients
for the relationship between the / index, g index, /(2) in-
dex, a index, r index, and JIF,q,; are presented. All corre-
lation coefficients are statistically significant (that means,
1474
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the coefficients are significantly different from zero) and lie
in a range that can be called much larger than typical in
the applied behavioral sciences (r = 0.70). Similar high cor-
relations are reported in the few other studies that investi-
gated the relationship between the / index, its variants, and/
or the JIF for business-relevant journals,'®* ecological jour-
nals,?"! economics and business journals,?7-3¢! and forestry
journals.[*?! Studies that tested the relationship between the
h index and its variants by using publication and citation

data for single scientists also found high correlation coeffi-
Cients.[32,34,35,55757]

Table 2. Correlations between £ index, g index, /2(2) index, a index,
r index, and JIF,qy; calculated for 20 journals of the subject cat-
egory “Chemistry, Organic” (Spearman rank-order correlation co-
efficients).

h index g index h(2) index aindex rindex  JIF,yy
h index 1.0000
g index 0.95721 1.0000
h(2) index 090162  0.9340@  1.0000
a index 0.8910@ 09732 093311 1.0000
r index 0.9639 09943 (0.92431 09639 1.0000
JTF507 0.8686 09168 (0.85451 0.88601  0.9086121  1.0000

[a] p < 0.05. If a correlation coefficient is statistically significant,
it is significantly different from zero.

5 Discussion

Although the use of different performance measures re-
sults in somewhat different rank orders of the journals, the
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high correlations between the measures found in this and
other studies indicate that the development of the journal /
index and its variants has resulted in hardly any empirical
incremental contribution against each other and the JIF.
Apparently, these findings indicate a redundancy among the
various indicators to measure scientific performance in em-
pirical application. The various indicators seem to measure
similar aspects of scientific performance. The advantage of
the 4 index against the JIF (and against most of the / index
variants) is its manageability: it is very easy to determine
when the citation counts for every single paper in a publica-
tion set are known.

Any bibliometric indicator to measure scientific perform-
ance should be carefully checked for its validity and its abil-
ity to correctly represent scientific quality. The Joint Com-
mittee on Quantitative Assessment of Research®! regard
the validity of the JIF and % index as neither well under-
stood nor well studied. According to Harnad,!*”! “the natu-
ral criterion against which to validate metrics is expert
evaluation by peers”. Up until now, only four stud-
ies[>16:60.611 have examined the validity of the 4 index by
testing the relationship between a scientist’s /2 index value
and peer assessments of his or her achievements. In the only
study for journals, Vanclay®?) compared an expert ranking
of 27 forestry journals with Hirsch-type indices. Although
the results of these studies are positive, we still need further
studies that use extensive data sets to examine the / index
(and the other performance measures) for use in different
fields of application. Future research on the / index should
no longer be aimed at developing new variants, but should
instead test the validity of the existing ones.

As a basic principle, it is always prudent to use several
indicators to measure research performance.l'®%? The pub-
lication set of a scientist, journal, research group, or scien-
tific facility should always be described by using a multitude
of indicators, such as the number of publications with zero
citations, the number of highly cited papers, and the
number of papers for which the scientist is first author. As
publication and citation conventions differ considerably ac-
ross disciplines,[®? it is also important to use additional bi-
bliometric indicators that measure the “relative, inter-
nationally field-normalized impact” of publications!®! — for
instance, the indicators developed by the Centre for Science
and Technology Studies (CWTS; Leiden, the Netherlands).
For Glinzel,['3] “the /-index is a useful supplementary indi-
cator, enrichment for the bibliometric toolset, but it is cer-
tainly not suited to substitute advanced indicators which
have long ago become standard in bibliometric work™.
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