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The Aggregation of Bibliometric Indices to Evaluate the
scientific Output of Researchers: A Case of Study in the Fuzzy
Community

F.J. Cabrerizo
Pepl. Software Iingineering
and Computer Systems
Distance Learning University
of Spain (UNEID)
28040, Madrid, Spain
cabrerize@issi.uned.es

Abstract

1This paper examines how the aggre-
salion of hibliometric indices is an
appropriate way to combine infor-
mation integrating the best qualities
of every aggregated index. To do
s, we analyze a new index, the hg-
index, based on the aggrogation of
the Hirsch's fi-index and ligghe's g-
hndex and using Lhe geometric mean
as aggregation operator, and how it
provides results that iontegrate ihe
information from both indices, al-
lowing the combination ol their best
quadities. Moreover, we study its
vorrelation with the h- and ¢- indices
and we analyze the results over a
sl ol researchers specialized in fuzey
iheories.

Keywords: Aggregation, Rescarch
Ivaluation, Bibliomelric Indices, fi-
wdex, g-index, Geometric Mean.

“i Infroduction

cmiseire scientific output of researchers is
finereasingly bmportant task for the scien-
community,  In fact, nowadays, almost
researeh assessment decision (accepting

tehi projects, contracling researchers or
wilsng scientific prizes) depends to a great
sipd upon the sclentific merits of the in-
sinl reseanrchers. To do so, the computation
Gihilisanetric measures has attracted signifi-
interest, due Lo the benefits of oblaining

diased and [air oriterion [3, 19].
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University of Granada
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There exist several diflerent indicators that
allow the quantification of hoth the produc-
tion of scientists and the impact of their pub-
lications. In 2005, J.15. Hirsch presented the
h-index {14}, which, in a short period of time,
has became extremely popular. The original
definition was:

“A scientist hos index b of b of his
or her N,y papers have ol least b ci-
tations cach, and the other (Ny — )
wapers have < h citations each.”

The I-index has altracted a lot of attention
among scientometricians and information sci-
entists, and it has been applied to a vari-
ety of areas {6, 8, 9} and ¥ has been ana-
lyzed in some studies [12, 18], Purthermore,
Egghe [13] and Alonso et al. {2} have devel-
oped [wo review papers about the h-index,
and a comprehensive list of h-index related
publications can be found at the web page:
http://sci2s.ugr.es/hindex/biblic. php.

The main advantage of the f-index is that it
combines a measure of quantity and impact in
a single indicator, aspecis thal traditionally
have been measured separately by using dil-
ferent indices. However, the h-index presents
olber drawbacks that have been pointed out
in the literature [4, 7). Lo overcome these is-
sues, several authors have proposed variants
of the A-index, each of them usuvally center-
ing its attention on a particular aspect of the
h-index [5, 11, 15, 19}, One of the A~ related
imndices that has got more aitention is the so
calied g-index, presented by Igghe in 2006
[10]. The g-index is defined as [ollows:
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“A sciendisl has index g if ¢ is the
highest rank such that the top g pa-
pers have, logether, ol least g? cita-
tions. T'his also means thai the lop
g - 1 papers have less than (g + 1)*
citelions.”

As Bornmann et al. {5] point out, the dif-
ferent indices stand for very different dimen-
sions of the scientist’s research output, but
they can complement each other very well.
Therefore, the combination of different indices
using some aggregation operator will provide
us a more complete evaluation of the scientific
production of researchers.

One of the aggregation operators, which can
be used to combine the information provided
by different bibliometric indices, is the geo-
metric mean, because, among its properties,
it takes into account all the aggregaled values
and 1% is not influenced by extramely high val-
ues, ohlaining a value which fuses the infor-
mation provided by every aggregated value.

In (17}, Rousseau states:

“As Lo the h- and the g-index: they
do measure different aspects of o sci-
enlist's publication list.  Certeinly
the h-index does not tlell the full
story, and, although a more sensitive
indicator than the h-index, necither
does the g-index. Taken logelher, g
and h present a concise piciure of a
sciendist’s achievemends in terms of
publications and citations.”

Following this idea, in {1}, Alonso et al.
preseiit a combined index, called hg-index,
based on the aggregation of the i- and g- in-
dices and using the geomelric mean as aggre-
gation eperator. This index tries to [use all
the benelits of both previous measures while
minimizing the drawbacks that each one of
them presented.

The aim of this paper is to examine how
the aggregation of hibliometric indices, which
measure different aspects of the scientific pro-
duction of researchers, can provide us with
a more complete evaluation of the scientific
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oulput of researchers than if only one hwdeg
is used. ‘lo do so, we show how the hy
index fuses the inlormation that the b and ¢
indices provide separately. Furthermore, we !
study the correlation among the h-, g- wndd
hg- indices and we analyze the resulls over 4
set of researchers specialized in fuzzy theaing

The paper is set out as follows. Section |
infroduces the geometric mean and seme ol il
properties. In Section 3, we present the hy:
index. In Section 4, the hg-index is applisd Hi
an example where some authors specialized 1
fuzzy theories are compared. In addition, |
correlation among the h-, g- and hg- indie
is studied. Finally, some concluding ronsii
are pointed out in Section 5.

2 The Geometric Mean

T'he geometric mean is a type ol mean i
erage, which indicates the central tendeni:
typical value of a set of numbers, Tt is o
as the n-th root of the product of o set of
numbers. The geometric mean can b i
stood in Lerms of geometry as the groms
mean of two numbers, a and b, is simpl
side length of the square whose aren i
to that of a rectangle with side lengths o

b.

Some properties of the geomelric nwg
the following:

¢ It is Che only one.

o It takes into account all the values
sel of numbers.

o [4 only applies to positive numbes

o 1t is the center of gravity ol i
numbers in multiplicative ternes.

H is more robust than the aiitd
niea Lo high values, but nol to ¥
ues.

It is more than or equal Lo Lhe il
value of the set of numbers aned |

or equal to the arithimetic menial's
of numbers.



U Figure 1, there s a represenfation of the
sirowth of the geometric mean as function of
Cwnd b [0,1) x {0, 1] Tt can be seen how
the geometric mean of two numbers, a and b,
“sidtens Che influence of a high value of & when
e value of @ is low.

Figre 10 The growth of (he geometric mean
i afinction of @ and b in [0, 1] x 10, 1]

'T'he hg-Index

B deand g- indices incorporate several in-
eating properties about the publications of
fesearcher and, therefore, both should e
eiinlo account to measure the scientific
it of researchers:

# The h-index mainly reflects the number
ol muost cited articles (h-core) of a re-
searcher, but the actual number of cipa
Lions does not influence its value.

# Ihe g-index combines the number of
mosl cited articles of a researcher with
(e intensity of their citations.

Alonso et al. present the fg-index, that
sl luse the different aspects of evaluation
aith previous measures.

ition 1. The hg-index of a researcher
shipited as the geometric mean of his/her

ainl y- indices, that is:
hg = \/h gy
s trivial Lo demonstrate that A <hg <g

Pl by --h < g~ hg, that is, the hg-index
mpands Lo a value nearer 1o & than to g

EURQFUSE'09. Preference Modelling and Decision Analysis

Some benelits of this index are the following:

e I is very simple ta compule once the k-
and g- indices have been obtained.

The hg-index is valued in the same scale
as both k- and g- indices {both represent
the number of papers that comply with
a condition aboul (heir citations). Thus,
the hg-index is easy to understand and
to compare with those existing indices.

* It takes into account the number of ci-
tations of the highiy cited papers {Lhe
h-index is insensitive Lo highly cited pa-
pers) but it significantly reduces the i
pact 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 au-
thor and very highly cited ones.

s It provides more granularity than the h-
and g- indices. his is specially inter-
esting when compared with the f-index,
because increasing the h-index is diflicult
(more when the A-index ig kigh) and it
i usual to find that many different, re-
searchers have the same h-index with a
very different number of publications and
citations.

4 Case of Study

In Chis section, we analyze the behavior of the
hg-index in comparison with the A- and g- in-
dices in an example where some authors spe-
cialized in fuzzy theories are compared, and
we study the correlation among these indices

4.1  Example Based on Researchers in

Fuzzy Logic and Soft Computing

In the following, we present an example of use
ol the hg-index in the evaluation of the scien-
tific output of researchers. In [16], the top
authors with the word fuzzy in the 18I Web
of Knowledge are shown. We part from the fif-
teen most cited researchers and we compute
the h-, g- and hg- indices about each one of
them. This information has been collected on
01-05-2009 and it is shown in Table 2.
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~ Table 1: Researchers ranked by

their h-, g-, and hg- indices.

LA

‘ g [ hgy |

H. Prade 45
R.R. Yager | 41
D, Dubois 4]
J.C. Bezdek | 39 H. Prade
I, Herrera | 38 1D, Dubois
LA Zadeh | 34 1 J.M. Mendel
J.M. Mendel § 331 J.C. Bezdek
W. Pedrycz | 331 T Herrera
S Pal 28 | W. Pedryez
H. ishibuchi § 28 S5.K. Pal
J.J. Buckley | 27 | H. Ishibuchi
N.R. Pal 22 | J.J. Buckley
M. Sugeno | 21 N.R. Pal
DAL Linkens | 2% R. Lowen
R. Lowen 20 | D.A. Linkens

L. AL Zadeh
M. Sugeno
R.R. Yager

156 | L.A. Zadeh | 72.83
23 . Prade BR.A&
76 R.R. Yager | 55.82
74 D. Dubols 55.45
75 1 J.C. Berdek § 52.25
74 1 J.M. Mendel | 49.42
70 F. Herrera 47.35
59 | W. Pedrycz | 41.82
53 M. Sugeno | 41.75
53 S.K. Pal 38.52
5i H. Ishibuchi | 37.79
51 | J.J. Buckley | 37.11
48 N.R. Pal 32.50
40 R. Lowen 28.28
32 | DAL Linkens | 25,92

Table 2: List of researchers with their h-, ¢-
and fig- indices.
| [ iy hg ]
LA Zadeh | 34| 156 | 72.83
R.R. Yager | 41| 76 | 55.82
H. Prade 45| 76 | 53848
D. Dubois |41 [ 75 | 55.45
M. Sugenc | 21| 83 | 41.75
J.M. Mendel | 33 ] 74 | 49,42
J.C. Berdek | 301 70 | 52.25
W. Pedryes | 33 1 53 | 41.82
SK.Pal |28 | 53 | 3852
N.R. Pal 22| 48 | 32.50
R. Lowen 20 | 40 | 28.28
F.oHerrera | 381 50 | 47.35
H. Ishibuchi | 28 1 51 | 37.79
JJ Buckley | 271 81 | 37.11
DA Linkens | 21 | 32 | 25.92

If we pay altenlion to Table 2, we can see
how the rescarchers obtain significant varia-
lions among the values of their indices. [t
proves that these indices stand for very dil-
{erent aspects of the scientist’s research out-
put: whereas the A-index reflects the core of
most cited papers, but it does not take into
account the actual number of citations, the g-
index provides more importance to the most
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cited papers of the rvesearcher. Finally, tlu
hg-index takes into account both aspects -
the scientific output of each researcher wiwi
thereflore, provides us a more balanced view
of the scientific outpul of researchers.

In fact, il we rank Che different researchers s
cording to the diflerent indices {Table 1), wi:
can see thal the Ag-index provides more wins
ularity than any of the A- and g- indices s
arately. This is an advantage of the agor
tion ol bibliometric indices as it is more ki
to provide a complete ordering of rescarcly
because it takes into account the informatis
provided by every aggregated index.

If we compare M. Sugeno with respect Lo D
Linkens, we see thal they present the ws
h-index {21}, while their g-indices are v
different (83 and 32, respectively). 'f'hi
detected by the hg-index, which awnrds
Sugeno with respect to DAL Linkens, S
larly, il we compare W. Pedryez with ros
to 5. K. Pal, we see that they present the
g-index (53}, while heir hi-indices are vory d
ferent, (33 and 28, vespectively). 1'his nls
detected by the hg-index, which awanrds §
Pedrycz with respect to S.K. Pal.

The problem is that the h- and g il
measure different dimensions of the scientd
research output. However, the hg-indey




finguishes better among researcher because it
ghes to account Lhe information provided

by the h- and g- indices.

From the example, we can say that, gener-
ul yspeaking, the hg-index provides us a more
mlanced view of the scientific cuiput of re-
nwehers than the fi- and g- indices sepa-
ilely. Lo addition, it provides us a. more fine-
sined measurement Lo compare researchers
srire efliciently.

1.2 Correlation Among the Indices
Based on the Example

Uhie Tact that the h- and g- indices measure
illerent dimensions of the scientist’s research
st can be proved by the weak correlation
wtweon these indices. To gquantily it, as i€ is
iif cloar whether the values of the indices [ol-
wonormal distribution, we have computed
arman’s rank-order correlation coeflicients

“Table 3).

e 30 Spearman’s rank-order correlation
cilicients p.

Lol b [ g ] g |
Ao 1000 | 0.637 | 0.886
g | T 1.0067 0617
hy - - 1.000

hix case, we show Lhe Spearman’s rank-
fer correlation coeflicients among all the
tHed indices. These data speak for them-
veu, The correlation betwsen the i+ and g-
bees s 0.637, which is low and can be ex-

ined because the h-index can be low while
G getidlex can be high due to that a few
jrers receive many citations. However, the
selalion between the hg- and h- indices is
toand between the fig- and g- indices is
the correlation between the fig-
iex and the fi- and ¢- indices is high. To
alive i, Figure 2 shows the A- and ¢- in-
v in dependence on the hg-index.

iy, e,

e, Laking into account the results drawn
5 Lhe nbove section and the high correlation
I+ the h- and ¢- indices, we can state that
¢ h-index s homogeneous, robust, has a
#l hehavier and allows one (o obtain an

EUROFUSE' 09, Preference Modelling and Decision Analysis

160 - h-inéﬂex . l I .
140 | g-index e
120 B
100 + k
80 - * ., e -
60 | , s .
40 + . v =T A
- i 4 1 +
20 Bt i =
O 1 i | i 1
20 30 40 50 60 70 80
hg-index

Figure 2: Scaiter plot of h- and g- indices
versus frg-index

adequate ranking among researchers. We see
how the aggregation of bibliometric indices
provides us a more complete ordering than if
we use the indices separately.

5 Concluding Remarks

In this work, we have analyzed how the ag-
gregatlion ol bibliometric indices in an appro-
priate way can provide us a more complete
view of the scientific outpul of researchers.
Using the hg-index, which integrates the best
qualities of the h- and ¢- indices using the
geometric mean as aggregation operator, we
have shown how it is possible to allow an
index more complete withoul increasing the
complexity in its computation. Therefore, the
aggregation of bibliemetric indices provide us
significant advantages as a more granularity
to compare researchers more efficiently and a
more balanced view of the scientific output of
resgarchers. However, although the fig-index
shares Lhe same scale that the h- and ¢- in-
dices, it certainly does nol have the ease of
interpretation of either the h- or g- index.
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