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Abstract 
A review is given of recent developments related 
to the h-index and h-type indices. Advantages 
and disadvantages of the h-index are listed. 
Properties of generalizations of the h-index are 
shown. Woeginger’s axiomatic approach to the 
study of impact indicators is highlighted as the 
most exciting development in recent months. 

1 Introduction 
    Since its introduction by Hirsch in 2005 
(Hirsch, 2005) the h-index has evolved into a 
real hype (Ball, 2007). In the Web of Science 
alone Hirsch’s article has been cited already 129 
times (May 30, 2008), and many more articles 
related to the h-index are in the pipeline. In this 
note we give an overview of some of the recent 
developments related to the h-index. Already 
published reviews on this topic include (Born-
mann & Daniel, 2007; Bornmann et al., 2008).  

Let us first recall the definition of the h-
index. Consider the list of articles [co-] authored 
by scientist S, ranked according to the number of 
citations each of these articles has received. 
Articles with the same number of citations are 
given different rankings (for the moment the 
exact order does not matter). Then scientist S' 
Hirsch index is h if the first h articles received 
each at least h citations, while the article ranked 
h+1 received strictly less than h+1 citations. 
Stated otherwise: scientist S’ Hirsch index is h if 
h is the largest natural number (representing a 
rank) such that the first h publications received 

each at least h citations. The first h articles in 
such a ranked list form the h-core. It seems rea-
sonable to rank articles with the same number of 
citations in anti-chronological order, i.e. young-
est article first. If necessary, further ties can be 
solved by taking the impact factor of the journal 
in which the article is published into account 
(lowest IF first). It is further noted that if the last 
article in the list occupies rank r and receives c 
> r citations then this scientist’s h-index is equal 
to r.  

2 Advantages and disadvan-
tages of the h-index 

    We first present a list of advantages and then 
add comments. This list is mainly derived from 
Hirsch (2005), Glänzel (2006) and Liu & Rous-
seau (2007). 

Advantages of the h-index 
• It is a mathematically simple index. 
• It is a better index than total number of 

publications or total number of citations 
alone. 

• It encourages high quality (or at least 
highly visible) work. 

• The h-index can be applied to any level 
of aggregation. This means: not only to 
scientists but also to different groups of 
scientists, such as all scientists belong-
ing to a research institute, belonging to 
a university, even belonging to the 
same country. 
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• It combines two types of activity (in the 
original setting this is citation impact 
and publications). 

• Increasing the number of publications 
alone does not have an immediate effect 
on this index. 

• It is a robust indicator in the sense that 
small errors in data collection have no 
or little effect. 

• Single peaks (top publications) have 
hardly any influence on the h-index. 

• In principle, any document type can be 
included. 

• Publications that are hardly ever cited 
do not influence the h-index.  

 
Comments: The first items in this list of advan-
tages were already brought forward by Hirsch 
(2005). The fact that the h-index is a robust indi-
cator has been observed and (partially) explained 
by Rousseau (2007) and Vanclay (2007). 

Yet, it is well-known that the h-index has 
several disadvantages. Some of these it shares 
with any other citation-based indicator. 
• Like most pure citation measures it is 

field-dependent, and may be influenced 
by self-citations. 

• There is a problem finding reference 
standards. 

• There exist many more versatile indica-
tors for research evaluation. 

• The number of co-authors may influ-
ence the number of citations received. 

• It is rather difficult to collect all data 
necessary for the determination of the h-
index. Often a scientist’s complete pub-
lication list is necessary in order to dis-
criminate between scientists with the 
same name and initial. We refer to this 
problem as the precision problem. 

 
Comments: Iglesias and Pecharromán (2007) 
proposed a correction factor (based on the Es-
sential Science Indicators) in order to compare 
h-index calculations in different fields. We 
would like to remark though that we do not fa-
vour  the idea of cross-field comparisons. The 
relation between the h-index and self-citations 
has been studied by Schreiber (2007). Not sur-
prisingly, the influence of self-citations on the h-

index goes from negligible to considerable. The 
pure h-index (Wan et al., 2007) takes the num-
ber of co-authors and possibly their contribution 
to the article into account, as does Schreiber’s 
hm (Schreiber, 2008) and the adapted pure h-
index (Chai et al., 2008). In the first approach 
citations are counted fractionally, while in the 
second approach articles are counted fraction-
ally. A mathematical approach to fractional 
counting of publications as well as of citations 
has been written by Egghe (2008a). The preci-
sion problem will play an important role in this 
review when it comes to decide between differ-
ent proposals aiming at removing some of the 
disadvantages of the h-index in its original form. 

Some of the disadvantages are more specifi-
cally related to the h-index itself. 
• The h-index, in its original setting, puts 

newcomers at a disadvantage since both 
publication output and observed citation 
rates will be relatively low. In other 
words, it is based on long-term observa-
tions. 

• The index allows scientists to rest on 
their laurels since the number of cita-
tions received may increase even if no 
new papers are published. 

• The h-index is only useful for compar-
ing the better scientists in a field. It 
does not discriminate among average 
scientists. 

• The h-index lacks sensitivity to per-
formance changes: it can never de-
crease and is only weakly sensitive to 
the number of citations received.  

This last point is the reason for the introduction 
of most other h-type indices. 
 
Comments: The fact that the h-index puts new-
comers at a disadvantage is only true for the 
original context of the h-index as a life-time 
achievement index. In this context this not a 
disadvantage but just a part of the aim of the 
index. However, if the h-index is not meant as a 
life-time achievement index, but, for instance, is 
used to evaluate the contemporary quality of a 
scientist, then the h-index must be defined in a 
slightly different way. This can be done, for 
instance, by restricting publications to the latest 
Y years. A solution for the fact that the h-index 
never decreases and that scientists can ‘rest on 
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their laurels’ is provided by Jin’s AR-index (Jin, 
2007). The h-index can be refined, yielding real 
or rational values, hence discriminating among 
average scientists. This is discussed in the next 
section. 

3 Refinements of the h-index: 
the real-valued and the ra-
tional h-index  

3.1 The real-valued h-index, hr (Rousseau, 
2006b) 
Let P(r) be the production of the rth source  in a 
ranked list of articles according to citations and 
let P(x) be its piecewise linear interpolation, then 
hr is the intersection of the function P(x) and the 
line y = x. This approach seems most useful 
when the number of citations is also a real or 
rational number, which is the case when cita-
tions are counted fractionally. Clearly: h ≤ hr < 
h+1. 
 
3.2 The rational h-index, hrat (Ruane & Tol, 
2008) 
This h-index, denoted as hrat, also satisfies the 
inequality h ≤ hrat < h+1. It is defined as (h+1) 
minus the relative number of scores necessary 
for obtaining a value h+1. 

Let n be the number of citations necessary for 
obtaining an h-index one higher. This number n 
is divided by the highest possible n, namely 
2h+1. Indeed, the lowest possible situation lead-
ing to a h-index of h consists of h articles with h 
citations, followed by an article without any 
citation. In order to get an h-index equal to h+1 
one needs one more score for each of the first h 
sources, h scores in total, and h+1 scores for the 
last one: a total of 2h+1. 
Example a. The ranking 3 – 3 – 3 – 0  (articles 
ranked according to the number of citations) 
leads to h = 3. Its hrat = 4 – 7/7 = 3. 
Example b. The ranking 4 – 4-  4 – 3 has h = 3; 
its hrat = 4 – 1/7= 27/7, or almost 4.    
Example c. The ranking  x – y-  z – 3 with x ≥ y 
≥ z ≥ 4 has the same hrat as example 4, showing 
that, as the original h, also hrat is not sensible to 
the exact number of citations (and neither is hr). 

The rational h-index seems an intelligent and 
useful extension to the original h-index. It helps 
to overcome the problem of ranking scientists 

with the same (classical) h-index. We recom-
mend its use. 

 
4   Generalizations of the Hirsch in-

dex 
 

    Because the h-index is only weakly sensitive 
to the actual number of citations received Egghe 
proposed another index, referred to as the g-
index (Egghe, 2006). The g-index is calculated 
as follows: one draws the same list as for the h-
index, but now the g-index is defined as the 
highest rank such that the cumulative sum of the 
number of citations received is larger than or 
equal to the square of this rank. Clearly h ≤ g. 
The g-index has the disadvantage that it needs 
more data than the h-index and hence aggravates 
the precision problem. 

This disadvantage is overcome by another h-
type index, called the R-index (Jin et al. 2007). 
As a mathematical formula the R-index is de-
fined as: 
 

=

= ∑
1

h

j
j

R cit                     (1 ) 

 
In formula (1) the numbers of citations (citj) are 
ranked in decreasing order. Note, that, as long as 
the h-core contains exactly h elements, the R-
index is unambiguously defined (one does not 
need a specific definition for the h-core). It is 
also clear that h ≤ R. The R-index, moreover, 
uses the same data as the h-index so that the 
precision problem is exactly the same as for the 
original h-index, and is not increased as was the 
case for the g-index. For this reason we consider 
this the best index among those that take cita-
tions into account. 

Other h-type indices include the pure h-index 
(Wan et al., 2007), Schreiber’s hm (Schreiber, 
2008) mentioned above and the tapered h-index 
(Anderson et al., 2008).  

Jin Bihui introduced the AR-index (or its 
square the AR2-index) in order to incorporate 
the age of published articles (Jin, 2007). This is 
a good idea as, clearly, for research evaluation 
purposes work performed twenty years ago is of 
less importance than work performed four years 
ago. The AR-index is defined as:  
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∈

= ∑ p

p H p

cit
AR

a
                  (2) 

 
In this formula, H denotes the h-core and p de-
notes a publication; citp denotes the number of 
citations received by publication p; ap denotes 
the age of article p. Recent investigations (Rous-
seau & Jin, 2008) seem to suggest that it is 
somewhat better to remove the square root and 
use AR² instead. 

Two scientists can have the same h-index, 
and even the same R-index but one’s career can 
be on the rise (citation-wise), while the other 
one’s is stagnating. A so-called dynamic index 
taking this aspect into account is proposed by 
Rousseau and Ye (2008).   
 
5 Use of the h-index 

 
The h-index can not only be used for lifetime 

achievements (as Hirsch did), but also in the 
context of many – but not all - other source-item 
relationships. Consequently, the Hirsch index 
has been calculated for other periods than a sci-
entist’s lifetime, journal citations (Braun et al., 
2006; Rousseau, 2006a), topics (Banks, 2006; 
STIMULATE, 2007) and library loans per cate-
gory (Liu & Rousseau, 2007), 

Mugnaini et al. (2008) use the h-index to 
compare scientists of the Brazilian Academy of 
Sciences with their counterparts in the USA. It is 
not surprising that the Americans stand out. Yet, 
among Brazilian scientists physicists and 
mathematicians perform relatively better. 

In Does the h-index have predictive power? 
Hirsch (2007) shows that the h-index is better 
than total citations, citations per paper and total 
number of publications in predicting future sci-
entific achievements. In this article he also dis-
proves claims by a group of Denmark-based 
researchers (Lehmann et al., 2005) who argue 
that the mean number of citations per year is a 
superior indicator of scientific quality. 
 
6 Prathap’s approach to research 

evaluation and successive h-
indices 

 
   In a brief letter published in Current Science, 
Prathap (2006) proposed two levels for using the 
h-index in institutional evaluations, taking into 
account a first order h-index (h1) and a second 
order h-index (h2), where the institute’s first 
order h-index is equal to h1 if the institution (this 
is the group of all its researchers) has published 
h1 papers, each of which has at least h1 citations; 
and its second order h-index is h2 if the institu-
tion has h2 researchers, each having an individ-
ual h-index which is at least equal to h2. The 
calculation of Prathap’s h2 is a special case of 
Schubert’s idea of successive h-indices (Schu-
bert, 2007). Prathap’s main idea is to compare 
h1 and h2, using them as complementary indices. 
Indeed: h1 can be high because the institute has 
many researchers that are highly cited, or be-
cause the institute has just a few scientists with a 
very high h-index. The difference between the 
two cases is made clear by h2. Arencibia-Jorge 
and Rousseau (2008) present an example of the 
application of Prathap’s method. They study the 
twelve most productive Cuban institutions in the 
field of human brain research. 
     In a somewhat similar vain Egghe and Rao 
(2008) consider several h-indices for a group of 
authors, e.g. those working at the same institute. 
They study and model the h-index of all publi-
cations, denoted as hP, reflecting the authors – 
number of publications relation; the h-index of 
all citations received, denoted as hC, reflecting 
the authors-number of citations relation; and 
Prathap’s h1 (denoted as hG by Egghe & Rao) 
and h2 indices. These indices reflect the articles-
citations relation and the authors versus h-
indices relation. They show that in the power 
law model h2 < hP < hC and h2 < h1. We observe 
that they could have added an h-index reflecting 
the authors – number of collaborators relation. 
 
7  The influence of the database 

used for calculation an h-type 
index 

 
Judit Bar-Ilan (2008) compared h-indices of 
highly cited Israeli researchers based on citation 
counts retrieved from WoS, Scopus and Google 
Scholar. Often, results obtained through Google 
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Scholar differed considerably from results ob-
tained from the other sources. Moreover, the 
precision problem for Google Scholar becomes 
very hard as illustrated by Meho and Yang 
(2007). 
 
 
8 Time series of journal h-indices: 

definitions 
 
    As it is utterly impossible that one number 
such as the h-index fully characterizes a scientist 
or a journal one is often not so much interested 
in the h-index itself, or any other h-type index, 
but more how this index changes over time. This 
leads to the idea of series of h-indices. A study 
of the change of this number over time comes 
one step closer to a complete description, and 
still has the advantage of being a summary sta-
tistic. The first to study series of h-indices was 
Liang Liming (2006). Rousseau (2006a) consid-
ered a time series of h-indices for the journal 
JASIS and suggested that for the calculation of 
journal h-indices a normalization with respect to 
the number of published articles would be ap-
propriate. Burrell (2007a), based on a linear 
relation between the h-index and age (career age 
in the case of life-time achievements), proposed 
the h-rate as an alternative indicator.  

Many different types of series of h-indices 
are possible. Liu & Rousseau (2008) give ten 
examples and propose a notation for unambigu-
ously describing the type of h-series actually 
used or studied.  They also use a clear visualiza-
tion for time series of citation data based on a 
publication-citation matrix (Ingwersen et al., 
2001). Examples of series of h-indices are given 
in Liu et al. (2008). 
 
9 Mathematical models 
 
    Hirsch (2005) proposed a baseline model in 
which the number of publications is the same 
each year, and each published article receives 
the same number of citations each year. Under 
this model h increases linearly with age. 
    Egghe (2007a,b), using a power law model for 
the citation function, this is the number of arti-
cles receiving n citations, found that if the cita-

tion function at time t = ∞ (the asymptotic 
power law) is given then the corresponding 
power law at a finite time t can be found.  From 
this knowledge the h (and g) -index at time t can 
be derived. He showed that these time-
dependent functions are concavely increasing 
with a horizontal asymptote. During recent years 
he wrote many articles applying his power law 
model to the h-index and h-type indices.  Also 
Burrell (2007b) devised models describing the 
h-index and its generalizations. Glänzel (2008a) 
studies statistical properties of the h-index in the 
context of extreme-value statistics. Merging or 
concatenation of publication lists and the effect 
on the resulting h-index has been studied by 
Egghe (2008b) and Glänzel (2008b). 
 
 
10 Other developments: statistics 

and axiomatics 
 
     The h-index can be considered a stochastic 
variable defined using a sample (a scientist’s 
publications). Each publication is assumed to 
have the same citation distribution function, 
which is either discrete or continuous.  In 
Egghe’s publications this citation distribution 
function is always a power law, i.e. a Pareto 
distribution. Clearly the h-index depends on the 
sample size. Interesting statistical articles are 
Burrell’s (2007b), Glänzel’s (2008a,b) and Beir-
lant & Einmahl’s (2007). 
     A very interesting new line of investigation 
was introduced by Gerhard Woeginger (2008a). 
He takes an axiomatic approach to the h-index 
and h-type indices. Representing a researcher 
with n ≥ 0 publications by a publication-citation 
array x = (x1, …,xn) with non-negative integer-
valued components x1 ≥ x2 ≥ … xn, where xk 
denotes the number of citations received by the 
k-th publication (during the period under inves-
tigation), he defines a scientific impact index as 
a function f from the set  X of all publication-
citation arrays into the set of non-negative 
integers satisfying the following three axioms. 
Note that also the empty array belongs to X. 
 

• If x is the empty array then f(x) = 0. 
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• If x = (x1, …,xn) and y = (x1, …,xn, 0) 
then f(x) = f(y). 

• Monotonicity: if x = (x1, …,xn), y = (y1, 
…,ym) and xk ≤ yk for 1 ≤ k ≤ n = 
min(n,m) , then f(x) ≤ f(y). 

 
Woeginger (2008a) succeeds in finding addi-
tional axioms characterizing the h-index, the g-
index (Woeginger, 2008b) and some other indi-
ces.  
 
11 A classification 
 
    Some authors have tried to refine h-index 
calculations; others use combinations of the h-
index with a secondary index, while a third 
group wants to replace the h-index by a ‘better’ 
one. This is schematically shown in Figure 1. 
 

 
                                                 Figure 1 
 
 
 

12  Conclusion 
 
The study of the h-index, its generalizations and 
its applications is a fruitful field of investiga-
tion. It is our conviction that, besides the h-
index itself, the statistical and the axiomatic 
lines of investigation show the most promise for 
having a long-lasting influence on the field of 
informetrics. Woeginger’s articles are certainly 
the most exciting development of the latest 
months. 
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