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Abstract
The pure h-index, introduced by Wan, Hua and
Rousseau (2007) takes the number of collaborators, possibly the rank in the byline and the actual
number of citations into account. We propose a
new method to calculate an alternative h-type
index, referred to as the adapted pure h-index.
This method leads to a new Hirsch core. We
claim that our new approach is an improvement
over the pure h-index as it is less biased with
respect to authors with many multi-authored
articles.

1 Introduction
Since the h-index was proposed by J. E. Hirsch in
2005 (Hirsch, 2005), this index of citation excellence has become a focal point in international
scientometrics (Ball, 2005, 2007; Perkel, 2005).
The h-index has been accepted as an index providing a good representation of a scientist’s
lifetime achievement (Bornmann & Daniel,
2007). It has, moreover, been shown to provide
an acceptable (best among a series of other single-number indicators) prediction for future
achievements (Hirsch, 2007). Although introduced in the context of publications and citations,
it became soon clear (Braun et al., 2006; Egghe &
Rousseau; 2006) that the basic structural

framework for its calculation can be applied to
many other source-item relationships. Following
this idea h-indices have been calculated for
journals (Braun et al., 2006), topics (Banks,
2006; Rousseau, 2007; STIMULATE, 2007),
library loans (Liu & Rousseau; 2007) and over
other publication-citation periods than a scientist’s total career. For a review on recent developments related to the h-index we refer the
reader to (Rousseau, 2008).

2 Variations on the h-index
theme
Although clear and simple, or maybe because it
is clear and simple, several colleagues have tried
to improve the h-index. Many of these proposals
do not use citations in order to determine a
cut-off line but take the actual number of citations into account. Among these we mention
Egghe’s g-index (Egghe, 2006), Jin’s A-index
(Jin, 2006) and the R-index proposed by Jin et al.
(2007). Other proposals deal with the calculation
process in order to determine the cut-off line.
Examples of this type of variations on the
h-index theme are: calculating a real-valued or a
rational h-index (Rousseau, 2006; Ruane & Tol;
2008), taking self-citations into account or not
(Schreiber, 2007), or considering different databases (Bar-Ilan, 2008; Sanderson, 2008). In
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this list of different calculation procedures we
now focus on the idea of taking the number of
co-authors into account.

pure h-index of author A, denoted by hp(A) is
then defined as
hp ( A) = h

3 Taking co-authorship into
account
In his original article Hirsch (2005) observed
that the h-index is a better single-number indicator than ‘total number of citations received’
because the total number of citations can be
inflated by a small number of hits, maybe even
co-authored with many others. Yet, he does not
discuss the fact that also the h-index can be inflated if a scientist has written many co-authored
articles. Probably Batista et al. (2006) were the
first to consider the idea of taking collaboration
into account. They simply divide h by the average
number of researchers in the publications of the
Hirsch core, leading to an indicator denoted hI.
As an alternative they propose dividing by the
median number of researchers. This alternative
eliminates problems in case a researcher has been
part of a large team (as is sometimes the case in
particle physics, epidemiology or demography).
Burrell (2007) noted that hyper-authorship, quite
common in many fields, may lead to an inflated
h-index for individuals. Clearly, credit should be
discounted, and hence also the contributors’
h-index.
Recently Wan et al. (2007) introduced another
way of taking the number of co-authors and –
possibly - the rank of a given author, into account. Their so-called pure h-index, denoted as
hp, is defined as follows.
First a normalized score is determined for each
author in a publication. The term ‘normalized’
refers to the fact that the sum of all scores of one
publication must be one. Hence an author of a
single-authored paper always receives a score of
one for his contribution. If N co-authors receive
an equal score, then this score must be 1/N.
However, other scoring methods, taking (unequal) contributions into account are allowed.
Next the equivalent number of co-authors of
author A in document D, denoted by NE (A,D), is
1
, where S(AD) denotes the
defined as
S ( AD )
normalized score of author A in document D. The

h

∑

N E (A,D)

(1)

D ∈ H(A)

where H(A) denotes the h-core of author A and
the square root serves as a suitable sub-linear
∑ N E (A,D)
function applied to E(A) =

D ∈ H(A)

, the
h

average equivalent number of authors of scientist
A’s core articles. Clearly, when author A has
written all his/her articles in the h-core as sole
author, h(A) = hp(A). In all other cases hp(A) <
h(A).

4 Taking co-authorship into
account and changing the
h-core
The previous approach never changes the
original h-core. Yet, it might be argued that the
approach outlined in (Wan et al., 2007) is at
times still biased in favour of authors with many
collaborators. Consider for instance two authors
each with an h-index equal to 10. The first one
has an article that is cited 12 times, and this
article is the result of collaboration among 10
authors, where author A is nor the leading nor the
corresponding author. Author B has a single-authored article that is cited 9 times. Author
A’s 10-person article contributes to his h-index
and hence to his pure h-index, while author B’s
single-authored article does not contribute to her
h-index and hence also not to her pure h-index.
Clearly, the pure h-index is still biased in favour
of multi-authored papers, and hence, in favour of
scientists that write many multi-authored papers.
Yet, in order to correct for this bias one must be
willing to change the original h-core. Indeed,
Burrell (2007) already notes that if discounting is
performed before the determination of the h-core
this core itself can be altered.
Recently, Schreiber (2008) proposed a simple
modification to the h-index calculation which
takes co-authorship into account, and which
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changes the h-core. This approach has already
been proposed by Egghe (2008). Indeed, Egghe
(2008) presents a mathematical theory of the
h-index (and also of the g-index) in case of fractional counting. In this theory Egghe considers
fractional counting of citations as well as fractional counting of publications.
Fractional counting of publications is the
proposal published by Schreiber. Articles are
ranked according to the number of citations, but
the rank itself grows according to the number of
co-authors. This leads to an h-index, denoted as
hm, (and denoted hF by Egghe) for which the
hm-core (the hm-defining set of articles) contains
more articles than the h-core. Yet, all articles
belonging to the h-core also belong to the
hm-core.

5 An adapted pure h-index
In this article we propose the following method to
calculate an adapted pure h-index. This new
h-index will be denoted as hap. In order to determine this index for author A the following
steps must be taken.
Step 1. Determine for each article co-authored by
A the equivalent number of co-authors in the
same way as for the pure h-index;
Step 2. Determine for each article the equivalent
number of citations, defined as the actual number
of citations obtained divided by the square root of
the equivalent number of authors (of A);
Step 3. Rank A’s articles according to the
equivalent number of citations.
Step 4. As the equivalent number of citations is a
real number, also hap is defined as a real number.
This is done applying the method already proposed by Rousseau (2006) for the (real-valued)
h-index. Let us denote the equivalent number of
citations received by the article ranked r as CE(r),
and its piecewise linear interpolation as CE(x),
this is: the function connecting the points (r, CE
(r)), where r denotes the rank (r = 1, 2, ...), then
hap is defined as the abscissa of the intersection of
the lines y = x and the observed function CE(x). If
the h-index of the equivalent number of citations
is he then hap lies between he (inclusive) and
he+1. It is easy to check that hap is obtained as:

hap =

( he + 1) * C E ( he ) − he * CE ( he + 1)
C E ( he ) − C E ( he + 1) + 1

(2)

In particular, if CE(he) = CE(he+1) then hap= CE
(he). If the last rank is r = he then the previous
formula (2) can not be used. There are two options in this case: one either takes hap= r or one
adds a fictitious article with zero citations and
one calculated hap using formula (2). If an author’s articles are all single-authored, then her
real-valued h-index is always equal to her hp =
hap. In general the hap is always smaller than or
equal to the real-valued h-index. All articles
having an equivalent number of citations larger
than or equal to hap form the hap– core. As will be
shown in the next (fictitious) examples, this hap –
core can be totally unrelated to the h-core.
Our proposal does not coincides with Egghe’s
(2008), even if author’s have an equal contribution. The difference is that Egghe divides citations by the number of authors, while we divide
by the square root of the (equivalent) number of
authors. Taking a square root reduces the influence of mega-authored articles on an author’s hap
-index.
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Two fictitious examples

We present an extreme, fictitious, example where
none of the articles in the new core belongs to the
standard h-core (Table 1).
Table 1: Author A’s most-cited articles
(fictitious example)
A
B
C
D
E
Article 1
10
7
3.78
4
Article 2
10
7
3.78
5
Article 3
8
5
3.58
6
Article 4
8
5
3.58
7
Article 5
6
4
3
8
Article 6
6
4
3
9
Article 7
5
1
5
1
Article 8
5
1
5
2
Article 9
4
1
4
3
Article 10
4
2
2.83
10
Article 11
4
2
2.83
11
A: articles; B: number of citations; C: number of
authors = equivalent number of authors; D:
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equivalent number of citations; E: new rank (step
3)
Author A’s h-index is 6. Assuming that the
equivalent number of authors is always equal to
the actual number of authors, his average
equivalent number of authors is equal to 32/6,
and hence his pure h-index is equal to 2.60. The
new, adapted pure h-index is 3.82. The hap – core
consists of the original articles 7, 8 and 9, none of
which belonged to the original h-core.
We know consider another example where we
take the rank of author B into account by using
arithmetic counting (Table 2). Recall that in this
counting procedure the author who is ranked R
among N co-authors receives a normalized score
2 ⎛
R ⎞
of
⎜1 −
⎟ and the corresponding
N ⎝
N +1⎠
equivalent number of authors of this article is
N ( N + 1)
.
2( N + 1 − R )
Table 2: Author B’s most-cited articles
(fictitious example)
A
Article 1

B
10

Article 2

10

Article 3

8

Article 4

8

Article 5

6

Article 6

6

Article 7

5

Article 8

5

Article 9

4

Article 10

4

Article 11

4

C
4th
among 5
4th
among 4
3rd
among 3
4th
among 4
3rd
among 3
4th
among 4
Sole
author
Sole
author
Sole
author
2nd
among 3
3rd
among 3

D
7.5

E
3.65

F
4

10

3.16

6

6

3.27

5

10

2.53

7

6

2.45

8

10

1.90

10

1

5

1

1

5

2

1

4

3

3

2.31

9

6

1.63

11

A: articles; B: number of citations; C: author
rank in the byline and number of authors; D:
equivalent number of authors; E: equivalent
number of citations; F: new rank (step 3)
Author B’s h-index is also 6. His average
equivalent number of authors is equal to 49.5/6,
and his pure h-index is equal to 2.09. The new,
adapted pure h-index is 3.74. The hap– core consists of the original articles 7, 8 and 9, none of
which belonged to the original h-core.
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Practical considerations

We admit that there is a precision problem and
that the practical calculation of the hap-index is
more difficult than the calculation of the h-index
or the hp-index. Yet, with a suitable software
program this does not need to be a real problem.
Indeed, we wrote a program suitable for use in
the CNKI (China National Knowledge Infrastructure) database. This program collects and
calculates the information shown in Table 3.

Table 3: Information obtained from our CNKI
program
A

B

C

D

E

F

G

Author
I

6

11

2.09

34.90

14.00

3.74

Author
II

5

7

2.74

29.63

21.29

4.15

Author
III

5

7

2.67

25.75

15.06

3.52

Author
IV

5

5

2.11

20.52

14.15

3.88

Author
V

2

2

1.07

8.71

8.71

2 (or
2.43)

A: Authors; B: h-index; C: number of articles; D:
hp; E: equivalent number of citations; F:
equivalent number of citations of articles in the
core; G: hap
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Author V is a special case where r = 2 = he.
Adding a fictitious article with zero citations
leads to a hap value equal to 2.43.

8

A real-world example

As an example we determined Ronald Rousseau’s
h, hp and hap-index based on Web of Science data
(May 31, 2008). Rousseau’s h-index is 16, his
pure h-index is h 2.4375 ≈ 10.25, and his
adapted pure h-index is 12.43. His hap-core consists of 12 articles, three of which (single-authored) do not belong to his h-core.

9

Note

In practical situations the h-index is usually
larger than or equal to hap. Yet, it is possible that h
< hap. Consider, for instance, Table 4.
Table 4: Author C’s most-cited articles
(fictitious example)
Rank

Citations

Authors

1
2
3

5
3
2

4
1
1

Equiv.
citations
2.50
3
2

Author C’s h-index is 2. His he-value is also 2.
His hap-value is: 2.33. Note that the original
real-valued h is different from hap and equal to
2.5. Also when a fictitious article when zero
citations is added it may happen that h < hap (see
Table 3).

10 Discussion
Many known h-type indices such as the h-index
itself, the R-index (Jin et al., 2007) and the pure
h-index make use of the same core as the original
h-index. The proposal presented in this contribution changes the core itself, adapting it to observed citation data. We think that our approach
results in a less biased, hence more logical result.
It was already observed by (Wan. et al., 2007)
that the pure h-index could be increased by using
another core. Yet, we considered this approach
too time-consuming and dismissed it at that time.
In the terminology of (Liu & Rousseau, 2007) the

precision problem increased. In retrospect we
think that fairness should prevail, and hence,
although more tedious to determine, hap is to be
preferred above hp. As we consider the possibility that contributions are weighted, the hap-index
is slightly more general than Egghe’s fractional
h-index, hF. In general the precision problem can
largely be ignored by using a dedicated software
program similar to the one mentioned in this
article for the CNKI database.
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