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Abstract

To be able to measure the scientific output of researchers is an in-

creasingly important task to support research assessment decisions. To

do so, we can find several different measures and indices in the literature.

Recently, the h-index, introduced by Hirsch in 2005, has got a lot of at-

tention from the scientific community for its good properties to measure

the scientific production of researchers. Additionally, several different in-

dicators, for example, the g-index, have been developed to try to improve

the possible drawbacks of the h-index. In this paper we present a new

index, called hg-index, to characterize the scientific output of researchers

which is based on both h-index and g-index to try to keep the advantages

of both measures as well as to minimize their disadvantages.

Keywords: h-index, g-index, bibliometric indicators, research evalu-

ation

∗Sergio Alonso (zerjioi@ugr.es) is with the Software Engineering Department, University

of Granada. C/ Periodista Daniel Saucedo Aranda s/n. 18071 Granada, Spain.
†Francisco Javier Cabrerizo (cabrerizo@issi.uned.es) is with the Department of Software

Engineering and Computer Systems, Distance Learning University of Spain (UNED). 28040

Madrid, Spain.
‡Enrique Herrera-Viedma (viedma@decsai.ugr.es) and Francisco Herrera

(herrera@decsai.ugr.es) are with the Department of Computer Science and Artificial

Intelligence, University of Granada. C/ Periodista Daniel Saucedo Aranda s/n. 18071

Granada, Spain.

1



1 Introduction

Nowadays, to measure the scientific output of researchers is an increasingly

important task to support research assessment decisions as accepting research

projects, contracting researchers or awarding scientific prizes.

To do so, there exist several different indicators that allow to quantify both

the production of scientists and the impact of their publications. It is usually

desirable to use a combination of those different indicators in order to obtain a

global view of the scientific output of the researcher being evaluated [22, 29].

Some of the most commonly used indicators to measure the scientific output

of researchers that we can find in the literature are [9, 15]:

• Production indicators: total number of published papers and number of

papers published in a certain period of time.

• Impact indicators (usually based on the received citations): total number

of citations (including or excluding self citations), average number of cita-

tions per paper, number and pecentage of significant papers (papers with

more than a certain amount of cites) and number of citations of the most

significant papers.

• Indicators based on the impact of the jounals: median impact factor of

the journals where the papers are published, relative citation rates (doc-

ument citations compared with the average citations of the papers in the

journal) and normalized position of the journals (computed according to

the location of the publication journals in the ranking of journals ordered

by impact factor).

In the last few years, the scientific community has paid a lot of attention to a

new index, introduced by Hirsch in 2005 and called the h-index [15]. It presents

several good properties (for example, it is simple to compute and it takes into

account both the quantity and impact of the publications). Many papers have

been published about it [1, 3, 8, 10, 14, 23, 24, 30]. A comprehensive list of h-

index related publications can be found at [7]. Additionally, some new indicators

based on the h-index that try to overcome its limitations have been developed

[4, 5, 13, 18, 19, 20, 27, 28]. Among them, we can find the g-index [11, 12].
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The aim of this paper is to present a new index (called hg-index) to charac-

terize the scientific output of researchers. This index is based on both the h- and

g- indices and tries to keep the advantages of both measures while minimizing

their disadvantages.

To do so, the paper is set as follows. In section 2 we introduce both the h-

and g- indices as well as we point out some of their most interesting properties

and drawbacks. In section 3 we present the new hg-index and we discuss its

properties. Section 4 presents a practical example in which the new index is

applied and where some of its benefits are shown. Finally, in section 5 we point

out our conclusions.

2 Preliminaries: the h- and g- indices

The h-index was originally presented by Hirsch in 2005 [15]. The original defi-

nition was:

Definition 1: A scientist has index h if h of his/her Np papers have at least

h citations each, and the other (Np − h) papers have no more than h citations

each.

One of its main advantages is that it measures both the quantity and the

impact of the author’s papers in a single measure, aspects that traditionally

has been measured with several different indicators. Another benefit of this

indicator is that it is quite simple to compute from the citation data available

through the Web of Science of the ISI Web of Knowledge [17]. The h-index

has been proven to be robust in the sense that it is insensitive to a set of lowly

cited papers [30]. Additionally, the difficulty of increasing the h-index grows

exponentially as all the most cited papers of the researcher have to receive

new cites to obtain a higher index. Moreover, the h-index is insensitive to one

or several outstandingly highly cited papers (which is usually considered as a

drawback).

However, the h-index presents some drawbacks that have been pointed out

in the literature [2, 4, 9, 16, 21, 25]. To overcome these issues several authors

have proposed several variants of the h-index, each of them usually centering its

attention on an specific aspect of the index. For example, the A-index [6, 18],
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tries to incorporate the number of cites of the called Hirsch Core papers (the h

most cited papers of the author), the AR-index [18, 19] which also introduces

the age of the papers into the equation as the total number of cites of a paper

is very sensitive to its age or the Dynamic h-index [13] which introduce some

variations to make the h-index time-dependent.

One of the h- related indices that has got more attention is the called g-

index. This index, presented by Egghe in 2006 [11, 12] was designed to provide

more importance to the most cited papers of the author, as in the case of the

h-index, it does not matter if a paper has more than h cites when computing

the measure.

Example 1: Supposse that we want to compare the scientific production

of two different researchers. The first one has published 30 papers. His 20

most cited papers have received 20 cites each. The second researcher has also

published 30 papers but his 20 most cited papers have received 50 cites each

and the rest less than 20 cites. According to the Hirsch definition, both have a

h-index of 20 whilst it is obvious that the production of the second researcher

has a higher impact factor.

The g-index is defined as follows:

Definition 2: A set of papers has a g-index g if g is the highest rank such

that the top g papers have, together, at least g2 citations. This also means that

the top g + 1 papers have less than (g + 1)2 cites.

It is easy to prove that g ≥ h [12]. However, although the g-index is suc-

cessful in evaluating the production of a researcher incorporating the actual

citations of his papers it also presents some drawbacks that have to be taken

into account. For example, the g-index may be greately influenced by a very

successful paper.

Example 2: Supposse that we want to compare the scientific production of

two different researchers. The first researcher has published 30 papers but only

one of those publications has been successful receiving 500 cites (we can think of

a successful general review paper) and the rest have not received any cites. The

second researcher has published 50 papers and all of them have received 10 cites

(all her publications have good visibility). The g-index for the first researcher is

22 (222 = 484 < 500 [the cites of the best 22 papers], 232 = 529 > 500 [the cites
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of the best 23 papers]) whilst the g-index of the second one is 10 (102 = 100

[the cites of the best 10 papers], 112 = 121 > 110 [the cites of the best 11

papers]). In this case both authors have the same total number of cites and

the second one receive cites for all her papers, which can be interpreted as that

all her work has bigger visibility and produces more interest in the scientific

community. However, her g-index is much less than the g-index of the first

researcher that only achieved a big hit paper but whose production (which is

also lower than the second resercher’s one) is almost unknown to the scientific

community.

3 A New Index to Characterize Scientific Out-

put of Researchers

In [26] Rousseau states:

“As to the h- and the g-index: they do measure different aspects of

a scientist’s publication list. Certainly the h-index does not tell the

full story, and, although a more sensitive indicator than the h-index,

neither does the g-index. Taken together, g and h present a concise

picture of a scientist’s achievements in terms of publications and

citations.”

We do agree that both measures incorporate several interesting properties

about the publications of a researcher and that both should be taken into ac-

count to measure the scientific output of scientists.

Therefore, we present a combined index, that we call the hg-index that tries

to fuse all the benefits of both previous measures and that tries to minimize the

drawbacks that each one of them presented.

Definition 3: The hg-index of a researcher is computed as the geometric

mean of his h- and g- indices, that is:

hg =
√

h · g

It is trivial to demonstrate that h ≤ hg ≤ g and that hg − h ≤ g − hg, that

is, the hg-index corresponds to a value nearer to h than to g. This property
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Figure 1: The growth in the hg-index as a function of h and g

can be seen as a penalization of the g-index in the cases of a very low h-index,

thus avoiding the problem of the big influence that a very successful paper can

introduce in the g-index. In figure 1 there is a representation of the growth of

the hg-index as a function of h and g. From the figure it can be seen how the

hg-index softens the influence of a high g-index when the h-index is low.

It is interesting to note that the hg-index can be interpreted in terms of

geometry as the square root of the area of the rectangle with side lengths h and

g.

In figure 2 we represent the hg-index of three different researchers. We can

see that both Researcher A and Researcher B have the same hg-index (hgA =

hgB = 14.97 =
√

hA · gA =
√

hB · gB) whilst Researcher C has a slightly bigger

hg-index (hgC = 16.58 =
√

hC · gC).

Some additional the benefits of this new index are the following:

• It is very simple to compute once the h- and g- indices have been obtained.

• It provides more granularity than the h- and g- indices. This is specially

interesting when compared with the h-index. As we have previously men-

tioned, to increase the h-index is difficult (more when the h-index is high)

and it is usual to find that many different researchers have the same h-
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Figure 2: Geometrical interpretation of the hg-index

index with a very different number of publications and cites. The hg-index

provides a more fine-grained way to compare scientists.

• The hg-index is valued in the same scale as both h- and g- indices (both

represent the number of papers that comply with a condition about their

cites). Thus, the hg-index it is easy to understand and to compare with

those existing indices.

• It takes into account the cites of the highly cited papers (the h-index is

insensitive to highly cited papers) but it significantly reduces the impact

of single very high cited papers (a drawback of the g-index), thus achieving

a better balance between the impact of the majority of the best papers of

the author and very highly cited ones.

Example 3: We part from example 2. The hg-index of the first researcher

is 4.7 (
√

1 · 22 = 4.7) and the hg-index of the second researcher is 10

(
√

10 · 10 = 10). It can be seen how the hg-index has drastically minimized

the effect of the very highly cited paper for the first researcher as the rest

of his production has a very low impact. However, the hg-index of the

second researcher maintains a good value as her production has a very
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h-index g-index g/h hg-index

Braun 25 38 1.52 30.82

Egghe 13 19 1.46 15.72

Garfield 27 59 2.19 39.91

Glänzel 18 27 1.50 22.05

Ingwersen 13 26 2.00 18.38

Leydersdorff 13 19 1.46 15.72

Martin 16 27 1.69 20.78

Moed 18 27 1.50 22.05

Narin 27 40 1.48 32.86

Rousseau 13 15 1.15 13.96

Schubert 18 30 1.67 23.24

Small 18 39 2.17 26.50

Van Raan 19 27 1.42 22.65

White 12 25 2.08 17.32

Table 1: List of scientists with their h-, g-, g/h and hg- indices

constant citation rate. As it can be seen from the example, we believe

that the hg-index provides a much more balanced measure of the impact

of the researcher’s papers.

4 Example of Application

In the following we present a more realistic example of the use of the hg-index in

the evaluation of the scientific output of researchers. We part from the example

given in [12] where some scientists where compared using the h- and g- indices

and the g/h quotient.

We part from the h- and g- indices and the g/h quotient about each re-

searcher and we additonally compute the hg-index. We show these data in

table 1 (alphabetically ordered).

In the following tables we rank the different scientists according to the differ-

ent measures that we have presented. Table 2 shows the rank of the researchers

according to their h-index, table 3 according to the g-index, table 4 according
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to the quotient g/h, table 5 according to their hg-index and table 6 according

to a lexicographical order on the h-index and g-index.

h-index

Garfield 27

Narin 27

Braun 25

Van Raan 19

Glänzel 18

Moed 18

Schubert 18

Small 18

Martin 16

Egghe 13

Ingwersen 13

Leydersdorff 13

Rousseau 13

White 12

Table 2: Scientists ranked by their h-

index

g-index

Garfield 59

Narin 40

Small 39

Braun 38

Schubert 30

Glänzel 27

Martin 27

Moed 27

Van Raan 27

Ingwersen 26

White 25

Egghe 19

Leydersdorff 19

Rousseau 15

Table 3: Scientists ranked by their g-

index

The first thing to notice in the example is that the hg-index (as well as the

g/h quotient and the lexicographical order) provides more granularity than any

of the h- and g- indices separately. This is an advantage as it allows to provide

a better rank between the researchers.

If we pay attention to the g/h quotient ranking we can see that White, who

was the researcher with a lower h-index and also a low g-index is the third in

the rank. That is because the g/h quotient cannot directly be used to rank

the researchers as it is just a measure of how the h- and g- indices relate to

each other. In general the g/h quotient can be used to identify the scientist

with a greater disparity in both indices (which means that only a few of the

publications receive many cites) and the scientists with similar h- and g- indices

(all the best publications have an almost constant amount of cites).

The lexicographical order provides the same granularity as the hg-index but,

in our oppinion, it overestimates the importance of the h-index. For example,
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g/h

Garfield 2.19

Small 2.17

White 2.08

Ingwersen 2.00

Martin 1.69

Schubert 1.67

Braun 1.52

Glänzel 1.50

Moed 1.50

Narin 1.48

Egghe 1.46

Leydersdorff 1.46

Van Raan 1.42

Rousseau 1.15

Table 4: Scientists ranked by their

g/h quotient

hg-index

Garfield 39.91

Narin 32.86

Braun 30.82

Small 26.50

Schubert 23.24

Van Raan 22.65

Glänzel 22.05

Moed 22.05

Martin 20.78

Ingwersen 18.38

White 17.32

Egghe 15.72

Leydersdorff 15.72

Rousseau 13.96

Table 5: Scientists ranked by their hg-

index

h-index g-index

Garfield 27 59

Narin 27 40

Braun 25 38

Van Raan 19 27

Small 18 39

Schubert 18 30

Glänzel 18 27

Moed 18 27

Martin 16 27

Ingwersen 13 26

Egghe 13 19

Leydersdorff 13 19

Rousseau 13 15

White 12 25

Table 6: Scientists ranked by their h- and g- indices (lexicographical order)
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in the case of comparing Van Raan and Small, the lexicographical order gives

a bigger rank to Van Raan just because his h-index is one point higher, com-

pletely ignoring that the g-index of Small is much higher (meaning that his best

publications have received together much more cites). In this case, the hg-index

gives a more balanced rank between them, placing Small two positions higher

than Van Raan in the rank.

From the example, we can say that generally the new hg-index provides a

more balanced view of the scientific output of researchers than the h- and g-

indices separately and that it provides a more fine-grained measurement that

allows to compare scientists more efficiently.

5 Conclusions

In the last years the h-index, a measure of the scientific output of researchers

based on both the quantity and impact of publications, has received great at-

tention from the scientific community. Many papers have dealt with this index

and have proposed new variations of the h-index (for example, the g-index) to

overcome its drawbacks.

In this paper we have presented a new index, called the hg-index, which

is based on the h- and g- indices and that fuses both measures in order to

obtain a more balanced view of the scientific production of researchers and that

minimizes some of the problems that they present. An empirical example shows

the good behaviour of this measure.
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