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Abstract Of the existing theoretical formulas for the 4-index, those recently suggested by
Burrell (J Informetr 7:774-783, 2013b) and by Bertoli-Barsotti and Lando (J Informetr
9(4):762-776, 2015) have proved very effective in estimating the actual value of the A-
index Hirsch (Proc Natl Acad Sci USA 102:16569-16572, 2005), at least at the level of the
individual scientist. These approaches lead (or may lead) to two slightly different formulas,
being based, respectively, on a “standard” and a “shifted” version of the geometric
distribution. In this paper, we review the genesis of these two formulas—which we shall
call the “basic” and “improved” Lambert-W formula for the h-index—and compare their
effectiveness with that of a number of instances taken from the well-known Glidnzel—-
Schubert class of models for the h-index (based, instead, on a Paretian model) by means of
an empirical study. All the formulas considered in the comparison are “ready-to-use”, i.e.,
functions of simple citation indicators such as: the total number of publications; the total
number of citations; the total number of cited paper; the number of citations of the most
cited paper. The empirical study is based on citation data obtained from two different sets
of journals belonging to two different scientific fields: more specifically, 231 journals from
the area of “Statistics and Mathematical Methods” and 100 journals from the area of
“Economics, Econometrics and Finance”, totaling almost 100,000 and 20,000 publica-
tions, respectively. The citation data refer to different publication/citation time windows,
different types of “citable” documents, and alternative approaches to the analysis of the
citation process (“prospective” and “retrospective”). We conclude that, especially in its
improved version, the Lambert-W formula for the h-index provides a quite robust and
effective ready-to-use rule that should be preferred to other known formulas if one’s goal is
(simply) to derive a reliable estimate of the A-index.
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Introduction

Some simple and basic bibliometric indicators, such as the total number of citations C, the
total number of publications with at least a number of citations k each, T}, the total number
of citations for the ¢ most cited papers, C;, the average number of citations per paper
(ACPP), m = C/T (where, hereafter, T stands for Ty), as well as the A-index (Hirsch 2005;
Braun et al. 2006; Schubert and Glinzel 2007; Harzing and van der Wal 2009), are
routinely used to measure the relevance and citation impact of journals when computed
according to suitable, pre-specified timeframes. In particular, time-limited versions of the
ACPP lead to different types of “impact factors”, with possible variants defined according
to different pre-specified publication and citation time windows, and also depending on the
degree of overlap between these timeframes (synchronous and diachronous impact factors;
Ingwersen et al. 2001). Similarly, alternative versions of the h-index have been defined
(synchronous and diachronous h-indexes; Bar-Ilan 2010). In general, all these indicators
merge information about the number of citations received by a journal within a pre-
specified time window—typically a huge amount of data—into a single representative
value interpretable as a measure of a journal’s “quality”. Their computation requires
knowledge of the entire citation pattern, or at least most of it. In recent years, a certain
interest has been shown in developing theoretical models with which to “estimate” one
such indicator given the values of certain others. Well-known representative examples are
theoretical models with which to obtain the value of the A-index, h:

as a function of C (Hirsch 2005),

as a function of T (Egghe and Rousseau 2006),

as a function of T, (Burrell 2013a),

as a function of C and T (Glidnzel 2006; Iglesias and Pecharroman 2007; Schubert and
Glédnzel 2007; Bletsas and Sahalos 2009; Egghe et al. 2009; Egghe and Rousseau
2012),

e as a function of C, T} and C, Bertoli-Barsotti and Lando (2015);

but also theoretical models with which to estimate C, as a function of & (Petersen et al.
2011), or as a function of m and h (Egghe et al. 2009), or as a function of T and
h (Burrell 2013b), and so on. These models—usually based, in their turn, on the
assumption of a specific probabilistic model for the citation distribution—may be
effective, for instance, when the indicator of interest cannot be obtained directly because
it is not accessible, or when the availability of citation data is incomplete. For example,
there may be the case in which 4 is not available but we know C and T (Glédnzel 2006;
Schubert and Glanzel 2007; Bletsas and Sahalos 2009), or the case in which we have to
impute missing values of impact factors using the availability of the h-index as a pre-
dictor (Bertocchi et al. 2015).
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In particular, in this paper we focus mainly on the problem of obtaining an explicit
“universal” formula for estimating the actual value of the h-index. Recently, Burrell
(2013b) and Bertoli-Barsotti and Lando (2015) introduced a model that has proved very
effective in estimating the actual value of the h-index for individual scientists. More
precisely, these approaches lead (or may lead) to two slightly different formulas, being
based, respectively, on a “standard” and a “shifted” version of the geometric distribution.
In the first part of section ‘Methods’ we present a (functional) equation, based on the
geometric distribution, that constitutes a theoretical basis for both these approaches.
Indeed, this equation allows us to derive a closed-form estimator of the h-index, expressed
as a function of (some of) the above citation metrics. We shall call this estimator, for
reasons which will be apparent below, the Lambert-W formula for the A-index.

In the related scientific literature, authors often limit their analysis to the problem of
estimating the unknown parameters of a suggested theoretical parametric model for the
h-index, under the assumption of knowing the real values of the h-index. Instead, in this
paper we consider the more practical (and in a certain sense, opposing) problem of
determining the (unknown) A-index on the basis of a ready-to-use formula for it. Then, in
our empirical analyses we will use the actual values of the A-index but only to evaluate,
a posteriori, the performance of the proposed ready-to-use formulas and not to determine
(maybe for interpretative reasons) unknown parameters of a theoretical parametric
model. In this paper, we will concentrate on the case of the h-index for journals (Braun
et al. 2006). One of the major differences between the cases of an individual scientist
and a journal is that, in the latter, the #-index should be computed in a “timed” version,
i.e. limited to suitable, usually relatively short, publication and citation time windows. In
this regard, it should be noted that a familiar definition such as “a journal has index A if
h of its publications each have at least 4 citations and the other publications each have
no more than A citations” is somewhat inaccurate because it does not specify the time
windows to be considered for the calculation of /. One of the aims of our study will also
be to test the robustness of the formula empirically against different possible choices of
(1) length of the time windows and (2) type of approach adopted for analyzing the
citation process: “prospective” (diachronous) or “retrospective” (synchronous) (Glénzel
2004). We shall also focus on a comparison of effectiveness between the Lambert-
W formula for the A-index and a popular class of alternative models, related to the so-
called Glianzel-Schubert formula, that have already been proved to be highly correlated
to the h-index.

In the second part of section ‘Methods’ we review the existing literature on the
Glinzel-Schubert family of models (and related models) and discuss some problematic
aspects linked to the presence of unknown parameters in their expressions. Then, in
section ‘Two empirical studies’, we report the results of an empirical comparison
between the Lambert-W formula for the A-index and these alternative models, using two
different dataset of journals. For this task, we downloaded citation data from the Scopus
database on about 100,000 and 20,000 publications, respectively, for the first and the
second dataset. Based on the results of our research study, we conclude that the Lambert-
W formula for the h-index provides an effective ready-to-use rule that should be pre-
ferred to other known formulas if one’s goal is (simply) to derive a reliable estimate of
the A-index.
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Methods

Models of the relationship between # and other simple metrics based
on citation counts

A basic equation connecting h, T and C

A model of a hypothetical equation of the type
f(h,T,C)=0 (1)

is sought, connecting &, T and C. Naturally, we do not assume a deterministic relationship
among observed values of h, T and C, rather, we shall determine a “probabilistic” rela-
tionship. Indeed, the problem addressed here is that of deriving a formula for predictions.
In particular, we try to identify a model that is able to predict one input-term given the
other two (e.g. h given T and C, or C given h and T, or, which is the same, C/T given h and
T, and so on). A preliminary solution of the functional Eq. (1) can be obtained by “as-
suming” (which here represents a simple working hypothesis) the geometric distribution
(GD) with parameter P,

P*

p(x) :W’

x=0,1,2,..., (2)

where p(x) gives the probability of observing x and P, P > 0, represents the expectation of
the GD (Johnson et al. 2005, p. 210). Then the value n(x) = Tp(x) expresses the “ex-
pected” number of articles with x citations (size-frequency function). Now, since for every

k
koke{1,2,3,..}, S i px) =1 - (HLP) , the predicted number of papers with at least

Ti=T- (Hip)k. 3)

h
By definition of the h-index, A, this yields the equation (ﬁ) —% = 0. Then, assuming

k citations is

m = C/T as an estimate of the expectation P (see Johnson et al. 2005, Eq. 5.12, p. 211),
we derive the following model of functional equation

(Him)h—; —0. (4)

We note in passing that this model yields, as a byproduct, the formula n(0)/T =

(1+ m)fl for the “uncitedness factor”, providing proof of the result conjectured by Hsu
and Huang (2012) (see also Egghe 2013; Burrell 2013c). This equation represents a the-
oretical model of the relationship among the /-index, the number of publications 7 and the
ACPP, m. Equation (4) can be solved with respect to any of its arguments. In particular,

(a) Given h and T, we easily obtain an estimate P* of the expectation P as follows:
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"
P = (5)
1/’
1= (7
and
(b) Given T and C, we obtain an estimate of & as follows. Equation (4) is equivalent to
sa’ = =T, where a = {7, and s = —h. Then, multiplying each side of the latter
equation by log a, and substituting 7 = sloga, we obtain ze* = —T loga, which
leads immediately to the solution
z=W(-Tloga), (6)

where W(-) represents the so-called Lambert-W function (Corless and Jeffrey 2015).
Remember that the Lambert-W function is the function W(y) satisfying
y= W(y)ew(y>, and can be currently computed using mathematical software, for
example the Mathematica® 10.0 software package (Wolfram Research, Inc. 2014; it
is implemented in the Wolfram Language as “LambertW”), or also using the R
statistical computing environment (R Development Core Team 2012).

Hence

m m
—hl =w(-T1 7
g W< °g1+m)’ (7)

that is, equivalently,

© _ W(Tlog(l+m™))
hy = -
log(1 +m™1)

, (8)

where we have adopted a new symbol for differentiating the “predicted” h-index,

h§2>, from the actual value & of the h-index. Note that the GD approach has been
previously suggested by Burrell (2007, 2013b, 2014) but without giving an explicit
formula, in closed form, for the estimation of the A-index.

An equation connecting h, T; and C

As a general rule, one should expect that knowledge of other (i.e., other than m and T)
simple summary statistics of the raw citation data will help increase the precision of the h-
index estimate. Indeed, if we also assume that we know T, a modified version of the above
formulas can be easily introduced by taking the shifted-geometric distribution (SGD) with
parameter Q

_e-p"
o

where p(y) represents the probability of observing the number of citations y of a paper cited
at least once, and Q, Q > 1, represents the expectation of the SGD. Since for every &,
ke{l1,2,3,...}, Zl;:lp(Y) =1- (%l)k, then T (%)k represents the number of
papers with at least k + 1 citations. Then, assuming m; = C/Tj, the average number of
citations of articles that have been cited at least once, as a proxy for the expectation Q, we
derive the following functional equation

p(y) y:1727"'7 (9)
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h—1
n’l1*1 h
2. 1
(m) r=0 (10)

This equation can be solved with respect to any of its arguments. In particular,

(c) Given h and T, we obtain

B\ V=) -1
0 = (1 - (ﬁ) ) (11)
and

(d) Given T; and C, and following a completely analogous sequence of steps as in the
above point (b), we obtain the estimate of i

(1 _ —1 , o o
hy log(i—m 1) W(]ml_1 log(1 — m] )). (12)

A formula for the h-index, as a function of T;, C and C;

If we also know the total number of citations of the most cited paper, C;, we can hope to

improve the accuracy of the above formula h(u1,> further. Indeed, with the use of the trimmed
mean—that is, the sample mean obtained omitting the most highly cited paper—m; =
(C—Cy)/(T1 — 1) instead of m;, we obtain a modified (improved) version of the above

formula, which we shall define fzg,),

o -1 no el
hy, ~loe(l — ) W(l_ﬁ111 log(1 — )). (13)

As is well known, citation distributions are highly skewed; hence the sample mean is
distorted by extreme values. In particular, the presence of individual highly-cited papers
tends to overestimate C, and consequently hw, in comparison to the true s-index—that is
clearly insensitive to a single very highly cited paper. In this sense, the use of a trimmed

mean is simply a technique for reducing this possible bias.

To summarize, we have: h§8) = hg‘?)(C ,T) or also, equivalently, hgy = h$)(T,m), and
ﬁ(v‘l,) = i;(ul,)(C, C,,T)) or also, equivalently, ﬁg,ll,) = fz&,)(Tl,nﬁl). We shall refer to these
formulas as Lambert-W formulas for the i-index, respectively, in a “basic”, hg;), and an

“improved” version, ﬁ(wl,). The formula ﬁ(wl,) has been considered elsewhere Bertoli-Barsotti
and Lando (2015) for the estimation of the A-index for individual scientists.

Theoretical parametric models for the A-index related to the Glinzel-
Schubert formula

A well-known alternative “theoretical model of the dependence of the citation A-index on
the sample size and the sample’s mean citation rate” (Schubert et al. 2009) is the one
proposed by Schubert and Glidnzel (2007), who noted that the h-index is approximately
proportional to “a power function of the sample size and the sample mean”, namely to the
function m"T"'~" (Schubert et al. 2009; see also Glinzel 2007, 2008). In applications, this
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fact has given rise to a plethora of “variants”, as possible parametric models for the A-
index. It is useful to distinguish each of them with the following nine cases.

(a)

(b)

(©)

(d)

Iglesias and Pecharroman (2007) derived the following one-parameter family of
models of the h-index:

2n —1\"
hip(n7) = (”T> m'T' ", (14)

where 1 > 0.5 (the formula was reported by Iglesias and Pecharroman with
parameter (1 —#)/n). Glidnzel (2008) estimated this model in an empirical com-
parative study of h-index for journals. He found that the estimate of the power
parameter depends on the length of the citation window considered. In particular, he
found that the formula /;p(2/3) (o = 2 in his notation, which corresponds to n = 2/
3 in ours) is appropriate “for small windows comprising an initial period of about
3 years after publication”.

From the above model, Iglesias and Pecharroman (2007) also obtained, for 1 = 2/3,
the ready-to-use formula:

hip(2/3) = 4~ B3T3 (15)

(see also Panaretos and Malesios 2009; Vinkler 2009, 2013; Ionescu and Chopard
2013).

By starting from a continuous probability distribution—a Pareto distribution of the
second kind, P(II)(a,0) (Johnson et al. 1994, p. 575; Arnold 1983, p. 44), also

known as the Lomax distribution (Lomax 1954), where ¢’(c + x)fo, 0>0,0>0,
represents the probability of observing a number greater than x, x > 0—and
estimating its expectation (0 — 1)71 (that exists if 0 > 1) by the sample mean m,
Schubert and Glinzel (2007) (see also Glédnzel 2006) derived a slightly more general
two-parameter model:

h(n,y) = ym'T" " (16)

here defined as also reported by Bletsas and Sahalos (2009); see their Eq. (4)), as an
approximate (and generalized) solution of the equation

Tm’(0 — 1) (6 + h) "=, (17)

where 0 =#(1 — ;7)71. In words, model (16) states that “the h-index can be
approximated by a power function of the sample size and the sample mean”
(Schubert et al. 2009). It is important to note that the model Ag(#, ) is similar to but
different from the above model /p(#), because in the former the proportionality
constant is not merely a function of the power parameter #, while in the latter y
represents a free parameter. This gives rise to a more flexible model. Malesios
(2015) estimated the parameters of model (16) in a study on 134 journals in the field
of ecology and 54 journals in the field of forestry sciences. He obtained the best fit,
respectively, with the estimates (0.64, 0.7) and (0.66, 0.78) for the pair (7, y) (in our
parameterization).

The above Pareto distribution of the second kind P(II)(g,0) has also recently
become known as the Tsallis distribution (Tsallis and de Albuquerque 2000). More
specifically, with reparameterization 0= (g—1)"' and o= (g—1)"'27",
g > 1, 2 > 0, the probability of observing a number greater than x, x > 0, becomes
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equal to (1 + A(g — l)x)_q+‘ (see Bletsas and Sahalos 2009; Shalizi 2007). Bletsas
and Sahalos (2009) suggest obtaining an estimate of the h-index as the numerical
solution of the Eq. (17), that is

1 1
2_g\T/ 2-— =7
T<m ") (m q+h> —h, (18)
q—1 q—1

for a pre-specified fixed value of the unknown parameter g. Let us call hgs = hps(q)
the (implicit) solution of Eq. (18). It is important to stress that, unlike all the other
estimators of h-index considered in the present study, a closed-form expression for
ht does not exist. Nevertheless, in an empirical application to a set of electrical
engineering journals, Bletsas and Sahalos (2009) found a very good fit between
measured and estimated values of the %-index, assuming Tsallis distribution with
parameter ¢ = 1.5 and ¢ = 1.6. It is interesting to note that these values correspond,
respectively, to n = 2/3 and # = 0.625, since n = g~ .

(e) For a special choice of the power parameter (n = 2/3 in the present parameteri-
zation) in model (16), Schubert and Gldnzel (2007) derived the celebrated one-
parameter model

hSG(V) — ,yc2/3T—]/3 — Vm2/3T1/3, (19)

also known as the Glinzel-Schubert model of the h-index. This model has been
widely used (mainly for interpretative purposes—i.e. to provide a better under-
standing of the “mathematical properties” of the i-index) because several empirical
studies suggest the existence of a strong correlation between A-index and m?/3T/3.
Its drawback (as with model (16)) is obviously that the value of the proportionality
constant y is unknown. Certainly, this parameter can be determined (ex post)
empirically, but it is likely to vary from case to case (Prathap 2010a; Alguliev et al.
2014). Then, as a ready-to-use formula for estimating the h-index a priori, the
Glinzel-Schubert model is in fact unusable. Sometimes researchers find an ex post
least square estimate of the parameter y, starting from known values of the i-index.
In different contexts, and for different datasets, the estimate of the y parameter has
been found to vary appreciably, in that it turns out to range approximately from 0.7
to 0.95. Indeed, for example, Schubert and Glinzel (2007) found, for 7y, the estimates
0.73 and 0.76, in a study on the h-index for journals, for two different sets of
journals, while Csajbok et al. (2007) found an estimate of y of 0.93 in a macro-level
analysis of the h-index for countries. Instead, other authors, among them Annibaldi
et al. (2010), Bouabid et al. (2011) and Zhao et al. (2014), have found values of
around 0.8. In quite different contexts (partnership ability and A-index for networks)
Schubert (2012) and Schubert et al. (2009) have estimated the parameter y of the
model hgg(y), obtaining values within the range 0.6-0.96.

(f) 1In the absence of a specific value of the proportionality constant y, researchers
sometimes decide to set y equal to a fixed arbitrary value 7y, obtaining a ready-to-use
formula

hs (7o) = ”/0m2/3T1/3~ (20)

In the framework of the analysis of the i-index for journals, ready-to-use formulas
for estimating the s-index with the formula /gg (7,) have been adopted, for example,
by Bletsas and Sahalos (2009), with the choice 7y, = 0.75. Instead, for example, Ye
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€3]

()

®

(2009, 2010) and Elango et al. (2013) adopted the rule to set y, = 0.9 for journals
and y, = 1 for other sources. Abbas (2012) and Vinkler (2013) also adopted the
choice y, = 1. It is worth noting that the latter value leads to the formula hgg(1),
which coincides with the so-called p-index defined by Prathap (2010b). Finally, note
that hsg (471/3) = hip(2/3).

As noted above, empirical analyses suggest a “strong linear correlation” between
the h-index and the function m"T'~" (Schubert and Glinzel 2007; Glidnzel 2007;
Schreiber et al. 2012; Malesios 2015). Strictly speaking, this only means that when &
is plotted against m"T'~", the data fall fairly close to a straight line. In other terms, %
is approximately equal to & + ymT'~", for suitable choices of the parameters & and
7. Indeed, the following three-parameter model has been considered in literature (see
Bador and Lafouge 2010)

he(8,7,1m) = &+ ym"T' ™. (21)

In a comparative analysis of two samples of 50 journals (taken from the °‘Phar-
macology and Pharmacy’” and ‘‘Psychiatry’’ sections of the Journal Citation
Reports 2006), Bador and Lafouge (2010) obtained the LS estimates of the
parameters ¢ and y for different fixed values of the power parameter 1 (values of “a
close to 2”, in their parameterization, where n = «/(o + 1)). Their best estimates of
the proportionality constant y ranged from 0.7 to 0.8, with an intercept point always
very close to 1. Based on these results, hgs(#,7) and a fortiori hsg(y), underestimate
the h-index.

For the particular choice of the power parameter n = 2/3 in the above model
hg(0,7,1), we obtain the two-parameter model

hrap(8,7) = 8+ - m* T3, (22)

This model directly generalizes the above Gldnzel-Schubert model hsg(y) by
introducing a free intercept parameter, 0. Tahira et al. (2013) tested this model in a
scientometric analysis of engineering in Malaysian universities. They found the
estimates 0 = —0.28 and y = 0.97.

Finally, by assuming a linear dependence between the h-index and the function
m'T'™" in a double logarithmic axis plot (log-log plot), one may define the
following three-parameter model (see Radicchi and Castellano 2013)

hre(o, @,n) = o(m'T" )" (23)

Indeed, after taking logs, this corresponds to a regression relationship between log &
and the linear model ¢ + ¢ - log(m"T'~"), where g = ¢, Needless to say, model hgc
is similar to but essentially different from the above models (a)-(h). Radicchi and
Castellano (2013) analyzed the scientific profile of more than 30,000 researchers.
They found a good linear correlation, in a log—log plot, between the true s-index and
the values given by the model hrc (0, @, ). Using this relationship, they obtained, in
particular, the least square estimate of the parameter #: #j = 0.41. It is quite puzzling
to observe that the solution reached by Radicchi and Castellano is out of the
parameter space of all the above models (y > 0.5).
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Two empirical studies
A first dataset of journals
Journal selection

The Research Evaluation Exercise for the period 2011-2014 named “Valutazione della
Qualita della Ricerca 2011-2014” (hereinafter VQR) is a national research assessment
exercise organized under the aegis of the Italian Ministry of Education, University and
Research for evaluating and ranking all Italian scientific institutions (typically, all national
universities and research centers), on the basis of the quality of their research outcomes.
The results obtained are particularly important because they determine the allocation of
government funding to Italian universities. The VQR is carried out under the responsibility
of a National Agency for the Evaluation of University and Research, the “Agenzia
Nazionale di Valutazione del Sistema Universitario e della Ricerca” (ANVUR), and is
organized with reference to 14 different academic fields, or Areas. The research assessment
is actually conducted by Groups of Evaluation Experts (GEV, in the Italian acronym), one
for each Area. For our first empirical analysis, we consider the so-called Area 13—Scienze
economiche e statistiche—Economics and Statistics. The evaluation of each researcher is
based on the quality of his/her research outcomes published during the period 2011-2014.
As a general rule, the evaluation of a research product for Area 13 is made at journal-level.
This means that journal bibliometric indicators are used as surrogate measures to quantify
the quality of each individual research product (published in that journal). For this purpose,
a list of “relevant” journals for Area 13 has been compiled by the corresponding GEV (the
so-called GEV 13) and suitable journal-based metrics are extracted to this end from three
sources, that is: Web of Science (WoS), Scopus, and Google Scholar (GS). The full list of
the “relevant” journals for Area 13 includes 2717 journals and may be found on the
ANVUR website (www.anvur.org). Each journal on the Area 13 list was individually
assigned to one of five sub-areas, among them “Statistics and Mathematical Methods”
(S&MM). For the purpose of our case study, we selected a somewhat homogeneous list of
journals using the following steps:

(a) we considered all and only the journals (568 journals) belonging to the sub-area
S&MM,;

(b) to facilitate possible comparisons between databases, the journals selected were
subsequently restricted to only those (253) journals indexed by all three databases:
WoS, Scopus and GS;

(c) we excluded 15 journals with incomplete issues within the period under
investigation, 2010-2014;

(d) finally, in order to preserve the homogeneity of the sample, we excluded 6 journals
with a “too large” number of published papers (more than 2000) and 1 journal that
publishes only online.

Our final sample included 231 journals. According to the Scopus classification, these
journals belong to a number of different “Subject Areas”. Table 1 shows the “Subject
Areas” in which the 231 journals selected from the S&MM list are placed by Scopus (it
should be recalled that Scopus classifies journal titles into 27 major thematic categories and
a journal may belong to more than one category).
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Table 1 Scopus “Subject

Areas” of the 231 journals within Subject area Count %

the S&MM list .
Mathematics 239 38.3
Decision sciences 79 12.7
Computer science 63 10.1
Social sciences 51 8.2
Engineering 45 7.2
Economics, econometrics and finance 37 5.9
Medicine 23 3.7
Business, management and accounting 17 2.7
Environmental science 13 2.1
Others 57 9.1

Estimating the h-index

After selecting the S&MM list of journals, we retrieved citation data from the Scopus
database. According to the VQR time-span, we considered all documents within the
publication window of 5 years (2010-2014) (in fact GEV13 considers the 5-year Google
Scholar’s h-index, for the period 2010-2014) and the citations that these items received
until the time of accessing the database (last week of December 2015). This means a 6-year
citation window, 2010-2015, over a 5-year publication window: 2010-2014. Harzing and
van der Wal (2009) considered similar timeframes in a study on a set of journals in the area
of economics and business. Overall, the dataset obtained included 99,409 publications
receiving (until December 2015) a total of 485,628 citations. The complete list of the 231
journals in the S&MM dataset is reported in Table 2, where each journal is identified by its
ISSN code. For each journal, we manually computed, on the basis of the citations
downloaded, the actual value & of the h-index, as: the largest number of papers published in
the journal between 2010 and 2014 and which obtained at least /4 citations each, from the
time of publication until December 2015. Table 2 reports, for each journal, the A-index, A,
and its estimates, obtained (1) with the Lambert-W formulas for the A-index, h(()) ﬁ&l,), and,
as a comparison, (2) with the Gldnzel-Schubert formula, s (y,), for different values of
the proportionality constant y,, namely, 0.63, 0.7, 0.8, 0.9, 1 (note that y, = 0.63 = 4-1/3
identifies formula f1p(2/3)), and (3) by means of a numerical solution gs(qo) of Eq. (18),
for different values of gy, namely, 1.2, 1.4, 1.6. Table 2 also reports: the total number of
citations, C; the total number of publications, T; the total number of publications cited at
least once, Ty; the total number of citations of the most cited paper, C;. To facilitate
comparisons, hﬁ,g), ﬁg,‘l,), hsc (7o), and hps(qo) have all been rounded to the nearest integer
to produce numbers in the same range of values as the h-index.

A second dataset of journals

Journal selection

We also analyzed a second dataset, based on the citation data of the top 100 journals,
within the Scopus subject area of “Economics, Econometrics and Finance”, ranked

according to the Scopus journal impact factor, i.e. the Impact per Publication (IPP) 2014.
The list (let us call it the EE&F list) may be found at http://www .journalindicators.com and

@ Springer


http://www.journalindicators.com

Scientometrics (2017) 111:1415-1448

1426

8 8 8 01 6 8 L 9 6 8 6 ST SIT 681 ¥ $68S-8101  +C
6 6 8 )i 6 8 L 9 6 8 6 € SST 197 7§ 6S65-L170 €T
L L L 6 8 L 9 9 8 8 L I €6 vl 80€ 6v€9-TEST  TT
9 9 9 L L 9 S S L L L 9l 8 w1 €97 8¥96-6920 1T
11 0T 6 u 11 0T 8 8 6 6 6 S¥ 69 SE€9  9€0T 8160-19€0 0T
9 9 9 8 L 9 S S L L L« s 8L 161 0018-2621 61
L L L 6 8 L 9 S 8 8 8 €t 6 0ST  €I€ 0191-TSET 81
8 8 L 6 8 L 9 9 8 L 8 o 91 96T €9 660L-LT60 LI
01 6 6 11 )i 6 8 L of 6 Il 9§ vST  PEE 859 010S-€0ST 91
S S S 9 9 S S v S 9 ¢ € Ly 98 €1 65506660 ST
6 6 8 I 0t 8 L L 6 6 6 6l 9LT €8T LLS P66T-9€L0 1
S 9 9 L 9 9 S ¥ 9 9 9 ¥z 8t €8 991 9865-S1€0 €I
6 6 8 0T 6 8 L 9 8 8 oI ol 861  0T€ €8S 9687-6910  TI
9 9 9 L L 9 S S L 9 L 101 T2 062 9L12-950T 11
8 8 L 6 8 L 9 9 8 8 6 If 611  SOT  Sob 7650-0171 01
S S S 9 S S b v S 9 § 0C 19 0z €91 8961-L110 6
P u 6 P u I )i 6 o 6 11 8¢ ¥SL  SSST  €€0C 9260-19€0 8
6 6 8 ot 6 8 L 9 8 8 6 LS 1L ISE 68§ 0686-2000 L
L L 9 8 L 9 S S L L L ST T stT €T 0TLE-LS60 9
9 9 S L 9 S S ¥ 9 9 9 Tl LL orT 10T 9z81-180T S
8 8 L 6 8 L 9 9 8 L 6 LLT LT LSS 189€-S1€0 ¥
S S 4 S S ¥ ¥ € S S s g 1L 991  8SIT XS60-L100 €
9 S ¥ 9 S S b ¥ 9 S 9 ¥l 11T 09 9.2 L9€6-C10T z
z z z z z z z I € € € 9 e 413 B2 STYL-SOpT I

O STy  (y1) Sy (T1) Sy (DO (€)%Y §)Oy )%y €)%y Y of ) ¥ I D 3pod NSSI #

(sonfeA papunoI) Se[NULIOJ JUAIAJJIP JO SULAW AQ PIAJB[NO[LD XIPUl-y YOSITH 2 Jo suonewrxoidde oy) pue spewmnol jo IS NS 2U) 10J sonsne)s diseq g d[qel,

pringer

Qs



1427

6 3 01 6 8 L L 6 6 6 6C ¥81 ree <19 0v86-v680 8%
8 3 01 6 8 L 9 6 6 6 ¥€ 98 621 S9¢ 0v0-6£00 LY
4! 1 91 4! €l I 0r ¢l Tl ¥l oSS St S69 691 $596-¥600 9%
vl 1 Ll Sl ¢l ! (0] SR/ S A SR BT €S T8 gg6l XO0L9-8FLT  S¥
8 3 6 8 8 L 9 8 8 6 0C 9IT 961  SOF XETH-T8°0 b
S S 9 9 S 4 14 9 9 9 €I 8S €01 ¥ST €99¥-7€00  €F
91 €1 61 LT St €l T €1 T 91 oF Y6 9PST  691¢ TSIL-L910  TF
6 6 11 01 6 8 L 6 or 6 0¢ 621 L9T 9L X8v€-8120 It
6 3 01 6 8 L 9 6 8 0l +tC LT €8T  #bS SEE€1-9200  OF
8 8 01 6 8 L 9 8 6 8 ¢ 8 8C1  9¥¢ TI91-06C1  6€
L L 8 L L 9 S 8 L 8 T 9L ovl T8¢ CLVI-69€1  8€
9 S L L 9 S S L 9 8 8T 91 Tk vep €9L6-0CTT L€
1 0T €l 1 o1 6 8 T 0o ¢ 9S o 9%  6L6 ¥219-6001  9¢
6 6 11 o1 6 8 L or oI 6 Lt 96 ovl  hb 9GLE-H00T  S€
01 6 11 01 6 8 L 6 6 01 LI 681 €8T €49 TSTS-8YOT  tE
01 6 4! 01 6 8 L or 6 01 0C 60T £5¢  6EL X685-€801 €€
L L 8 L L 9 S L L 8 g 06 L sog 01SZ-8191 ¢
8 L 6 8 L 9 9 8 8 0l 0¢ LEY 1L LSH T61€-97C1 1€
01 6 11 01 6 8 L 6 or o1 Ig LE1 €61 9TS 99L1-02¢1  0€
11 01 ¢l 11 01 6 8 I o1 I 9 80C  LgE €IS ¥$65-€200  6C
8 8 o1 6 8 L 9 8 8 8 €I 86T S9T  08% 9LTL-0200 8T
6 3 11 o1 6 8 L 8 6 6 ST 9T €gv  LEL 8007-40€0 LT
8 3 6 8 L L 9 8 8 8 €T 6 81 9¢€ X8L9-1LVT 9T
Sl €l L1 91 4! 4! 1 ¢l ¢ € €€ 8IS 106 ¥9I¢ €9L¥-9920 ST

G0 S (TS MOy (6)O%y  ®)%y ()OS (€95 G oy D 'z 1z D 9pod NSSI #

Scientometrics (2017) 111:1415-1448

penunuod 7 dqel,

pringer

As



Scientometrics (2017) 111:1415-1448

1428

L L 9 8 L 9 9 S L L L Iz 01 8L YOE LE6V6120  TL
6 6 6 11 01 6 8 L 6 6 6 6C ovl  L0T  TIS ve6T-Terl 1L
11 I 11 €1 4 o1 6 8 I Ig 6L1 85T 19L T8L6EVI0  OL
01 o1 01 4 I o1 6 3 1 SR § S 15 68 ST g6b 00576191 69
€1 (4 11 vl €1 I 01 6 (4 S § ) S} LLT 6Ty 8601 90pE-vSOT 89
€1 ! vI L1 91 ! 4 1T 2 ST Ol ¥6T €6 SET  L£8 SLLL-LYLT L9
S1 S1 €1 L1 <1 4! (4 I €1 € $I €€ 66€ 78S  TOLI LLE9-L9TO 99
o1 o1 6 I o1 6 8 L o 6 0l 9¢ 8LT  SOE  S¥9 198S-L8ET €S9
11 11 o1 €1 (4 o1 6 8 I 11 Tl 9 00T  L6T  €6L €867-€680 9
I I o1 €1 4 o1 6 3 I I I st 81 6vT  SEL LYSE-09ST €9
€1 €1 I S €1 4 o1 6 4 SN § S 15 8v€  L6S  €£S€1 TEELLLEO 79
1T 61 91 € 0T 81 91 vI 91 ST 81 IL L06  PEET  668€ 8GLE-8LE0 19
91 S1 €1 L1 91 ! (4 I €1 Tl ST #¢ 019  9€0T  90€T 97209201 09
11 I o1 €1 I o1 6 8 I oI ITI 8l 6LT 09T  6IL 0€T0-LSTO 65
€l Tl 11 ! €1 I o1 6 I 1T €1 Sg 12 LLY 8911 70061200 8S
11 (4 11 ! (4 11 o1 6 I I I Lg 10c 697 18 8198-1000 LS
I 11 o1 €1 I o1 6 3 or oI Il L€ 10C 06T  OLL 9I8S-LYST 9
1 I o1 Tl I o1 6 3 I or Il ¥t 6L1  TLT  6IL €8V5-€960  SS
o1 o1 6 11 o1 6 8 L I 6 T T SST 10 699 vO61-vTST S
o1 o1 6 4 01 6 8 L or oI 11 9¢ 6v1 87T L6S TITT-8680 €S
11 11 01 €1 4 01 6 ) or IT 1T 09 681  S8T  TLL LSTE-0T00 TS
6 6 6 I o1 6 8 L 6 6 0l o9¢ 6c1 90T  1IS YTLS61€0 IS
L 8 L 6 8 L 9 9 L 8 L Ig 0T 65T 9¢€ LST0-6120  0S
o1 o1 6 (4 o1 6 8 L o 6 0l 99 0Ll €0€ 649 0T9L-86€0 6V

O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 5pod NSSI #

penunuod g Jqel,

pringer

Qs



1429

Scientometrics (2017) 111:1415-1448

11 (4 4! ! €1 I o1 6 (4 S S 4 2N €11 6v1 69 8E6V-LYLO 96
9z T Iz 8T ST €T 0T 8T 0z 61 9z 9€I €101 OLET  LESS vLTI8IZ0  S6
A 4 11 ! €1 I o1 6 (4 SR § SR SN°) S81  00€  S06 T9L8-6120 6
91 S1 €1 L1 91 ! 4 I v1 €1 ST c€ 8€y  TS9 9981 TLYPT981 €6
8 8 8 6 6 8 L 9 8 8 6 65 €01 OLT 6L 0LSL-08€T  T6
6 6 6 I o1 6 8 L or oI 0I ¥¢ LL 81T 0V 1L18-€981 16
11 4 11 4! €1 11 o1 6 (4 S/ S S 4 8T 0T L¥L €I1ST6ET 06
! €1 (4 S1 ! (4 11 or Tr Tl €I cE oge 8% Izl 6879-€801 68
L1 91 <1 61 L1 S1 €1 91 vl LT LL YOy €59  00IT 889.-6971 88
I I o1 €1 I o1 6 3 [ SR § S 15 ST 91T €99 €765°L910 L8
€1 4 I vl €1 I o1 6 (4 SN § SRS S 7 v0E 06y I611 vE6I-€€C0 98
o1 11 o1 €1 11 01 6 8 I 1 I 9 ST T6I 979 919v-6600 S8
6 6 6 I o1 6 8 L or or I L€ 68 0ST  Lt¥ 19€0-S1S0  +8
11 (4 11 ! (4 11 o1 6 LS SN § S S > 6LT  ¥ST €08 65756120 €8
3 8 3 o1 6 8 L 9 8 6 8 L L 61T  gg¢ SLS8-0680 T8
11 11 o1 €1 11 o1 6 3 ol oI 0l 8L 961 93T  69L 10929260 18
I o1 6 4 I o1 8 3 1T ol 11 92 01T 96¢ 68 9705-7€60 08
8 8 8 6 6 8 L 9 8 8 8 6§ 8Tl 9vT  8Sh YOLSHEIT 6L
o1 I I €1 4 o1 6 3 | SRS § 4 SN vIT  8SI LSS 987S-TLST 8L
11 11 o1 €1 11 01 6 8 [0 SN § N § S SLT  €9T  SEL XOrT-Sevl  LL
A 4 A S1 €1 (4 o1 6 (4 S/ S 4 S ) 091  LIT T8 €699-LLT0 9L
8 6 6 I 6 8 L L 6 6 6 €T 8 €I o€ X86T-18€T  SL
11 Tl 11 4! Tl I o1 6 I I 11 Ig v81 86T 6LL X900-8VLT L
! €1 11 S1 ! (4 11 6 | S € G2 S TS 8L8  PELI LLTS€€00 €L

O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 5pod NSSI #

penunuod 7 dqel,

pringer

Ns



Scientometrics (2017) 111:1415-1448

1430

€1 €1 €1 91 ! €1 11 Ol Tl €I € €1  v6I 98T  SLOI v091-6€ST 0TI
o1 o1 6 4 o1 6 8 L 1T 0ol Tl S LTl 9vT  LI9 9890-€€11 611
9z T 1z 8T ST €T 0T 81 0z 0T vt 16 996  9vTI  TOES SILYTT00 811
01 11 I €1 (4 o1 6 3 I I I €9 6L ST wes LYEST98T  LII
4 €1 €1 S vl 4 11 or €1 €1 ¥l 6b €91  ¥T 006 L8LT9LOT 911
01 01 01 (4 11 01 6 8 I ol € ¢b €1 IWT  0L9 SOET-€000  STI
o1 01 o1 (4 I 6 8 L of  OoI 0I #9 0cT TG 9§ S0S8-TSET  PII
€1 ! ! L1 <1 ! (4 I ¥ #I ST LS 0cT 79T 88 XL6V-SY6T €11
€1 €1 4! S1 ! 4 11 of €1 € €I I8 0T L6T  9€01 S88%-8120  TII
1 4 A ! €1 4 o1 6 aououw 0T ¥LT 016 0261200 111
S1 S1 S1 81 91 S1 €1 I ¥ SI ST o v6T  SLE  66b1 S97L-0SET 011
o1 11 11 €1 (4 01 6 8 I 11 2 101 €8 LT €9§ YELL-90E0 601
€1 €1 €1 91 ! €1 11 of €1 €1 I €€ 90T 99T 6101 €020-9v20 801
0T 0T 61 €T ¥4 61 91 ST 81 81 0T S8Il  ¢hv OLS  TILT 6LL0-0960  LOT
€ (44 0T 9 €T ¥4 81 91 61 61 1T 06 €99 €68  0L8E 7895-0910 901
11 11 11 ! (4 11 o1 6 (4 SN § S 4 S ST SIT  LEL 9129-9¥10  SOI
A 4 A S1 ! 4 I 6 T €1 ST ¥Tl vel ¥81 €6L 0Tr-68€1  ¥01
81 L1 91 0T 81 91 vl €1 91 ST 61 If 08€ €S 9L0T L108-8¥LO0 €01
8 8 3 o1 6 8 L 9 6 8 6 8¢ 6L 8Tl LES 8€TI-OPE0 201
6 6 6 11 01 6 8 L 0ol 0l 6 8¢ 6L LI €1P €0L9-v260 101
6 6 6 11 o1 6 L L 6 6 6 S¢ 88 vEL SO XT80-1LPT 001
A (4 A ! €1 11 o1 6 (4 S/ S 4 S O 881 95T 898 8689-€0€0 66
¥4 0T 81 €T ¥4 81 91 YL LT LT 1T 68 0S9  SI6  6T€€  X6ST-LYOO 86
! ! 4! 91 ! €1 11 ol €I Tl 9 8¢ 89T LI 08Tl S86L-0700 L6
O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 5pod NSSI #

penunuod 7 dqel,

pringer

Qs



1431

Scientometrics (2017) 111:1415-1448

w w 1T 9 €T ¥4 81 91 0c 0T 1T S8 vIS 819  sLizg 0TH1-9€00 i1
(44 w 0T ST €T 0T 81 91 0z 0T I 09 88y  S6S  LTIE 81L6-6700 €1
11 4 A ! €1 I o1 6 TooT I 09 011 8vI SS9 98669L01  T#I
vl ! vl L1 S1 ! 4 11T 21 1 Tl S$C 0Ic  ¥IE  €pal 8819-GS01  I¥1
€1 vl €1 91 S1 €1 11 0r €1 ¥I ST 9 661 09T  €L0I SITI9bPST  Opl
61 61 81 €T 0T 81 91 vI 81 81 0T O¢ e ELE 680C ¥9TS-0S0T  6€1
S1 91 91 61 L1 S1 €1 TT ST 9T 9T 8L vIT 79T 0S€l PPOT-€100  8€T
0¢ 8T T (43 6T 9 €T 0T T¢ TC 9T T91  SETI  I¥ST  €0TL €LY6-L910  LET
91 L1 91 0T 81 91 ! €1 L1 91 81 TS 9cT  STe 1191 60070811  9€I
vT w 61 ST €T 0T 81 91 61 81 IT 061 T8  IvTl  SOSH 0€€S¥ST0  S€1
o1 I I €1 (4 I 6 3 (4 S A o) 13 €38 0l vES 6661-98€1 V€l
o1 11 11 €1 (4 11 6 8 Iz 6 6 98 9IT  €€S 12Tr-89¢€1  €€1
61 61 81 €T 0T 81 91 ¥ 81 81 0T 8L v6E  80S  80KT €009-9760  TEI
53 €€ 6T 8¢ ve I¢ LT Yo LT 9T S¢  S6 S6TT  1€91  61S6 659676680  I€T
! ! ! L1 <1 4! (4 I ¥ #I ¥1 #S 691  TIT €201 ¥$T6-6€00  0€1
1T 0T 81 €T 1T 61 91 ST 81 LI 0T 9L TIS 969  Th6T 9578-6680  6C1
91 91 S 81 L1 S1 €1 T 91 SI 81 €S 0ST  8S€  SO0SI 86€5-L760  8CTI
1 11 1 ! 4 I 01 6 (4 S ) S 671 €81 789 LTTL-S8OT LTI
(44 K4 61 vT w 61 L1 ST 61 81 T 19 119  6v8  TShe 100S-5260 921
S1 S 1 81 91 ! Tl I St ¥l LT €€ 80T  €0€  S6TI 9994-9970  STI
vl ! €1 L1 S1 €1 (4 Ol € € ST 621 0¢€c LTE  T1TTl LY8E-€TE0  PTI
! 4! ! L1 91 2! (4 IT  #I  #I ST TSI SST  8TT 6801 L80T-€P10  €TI
61 81 91 1T 61 L1 <1 €1 S1 ST ST b LLS  T6L  TS9T 6vIHH0€0 7Tl
0g LT € 43 6T ST @ 0c It It LT T oTtrl  6¥8I  TTLL 8209-bEvl 121
O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 D 9pod NSSI #

penunuod 7 dqel,

pringer

Ns



Scientometrics (2017) 111:1415-1448

1432

¥T T w LT ST w 61 LT 1T 1T vt SL S96¢  LIL  ¥S8€  XIPE9000 891
ST T Iz LT ST w 61 LT 1T 61 ST Tl 0S8  09T1 €60 00€8-€0€0 91
8T LT vT 1€ 8T ST w 0C € € ST 081 SIS  I€0l  98SS ITLL-0T00 991
€ €T (44 LT ST w 61 LT 1T T¢ St €L 08  I6b  S9IE LLTS9901  S91
L1 81 L1 K4 61 L1 S1 €1 Ll L1 8T €L LET 06T 1991 0098-1901  +91
81 81 LT 1T 61 L1 S1 €1 81 LI LT 0S L8T 9L 2061 X989-v¥10 €91
T T 44 8T ST (44 0T 81 T¢Iz ST TIT  +€S 199  96LE 6T10-€9€0 791
61 0T 0T T (44 61 L1 ST 0C 0T TT 86 9tT 18T 1661 0768-9920 191
4! €1 €1 91 S1 €1 4 or  vI  vI €I ¢F €1 €1 L 9v95-5680 091
61 61 61 €T 1z 81 91 vI 81 81 0T 9S €€ 80v  LTTT 86L1-1600 661
91 91 91 61 L1 S1 €1 T STo91 SIS 08T LV S9SI 1L86-SEvT  8S1
L1 L1 91 0T 81 91 ! T 91 91 LI Lb €1€ 80V PRLI 1S08-8L10  LSI
A €1 €1 91 ! €1 11 of €1 ¥I  ¥I ST vl 9vT LLL ¥862-6v60  9ST
! S1 <1 81 91 ! €1 IT ST ST ST TIel  PI  S61 7901 €816-L610  SST
€z (44 0T 9 €T ¥4 81 91 0z 81 ¥T TIT  S89 SOOI ¥EId 6€TE€-TT00 ST
61 61 81 €T 1T 81 91 vI 81 81 61 €9 06€  99F  65€T 66€1-9€00 €61
0T 0T 61 €z 1z 61 91 ST 81 81 0T 19 vEy  SPS  LE9T ¥956-6200 TSI
S1 ! Tl 91 S1 €1 11 0 € T 91 Op v0S €18 LS8 9pTI-¥901  ISI
ST ST €z 6T 9 €T 0T 81 € T 9 T vZS 859 PS6E €965-S¥ST 0§
@ w ¥4 9 vT 1T 81 LT 0T 1T ¥T 06 866 69V  P06T  XES8I-69€l  6vl
81 81 L1 1T 61 L1 S1 ¥I LT LT 61 061 80€ 9T  8¥0C SOPO-LIOT  8¥1
9 91 9 61 L1 <1 €1 T 9T 9T LT 19 081 LTt  L£T1 XS9LP9E0  Lp1
&4 0T 61 T ¥4 61 L1 ST 81 81 61 L 69F  TLS  6LLT L899-L910  9¥1
81 81 L1 1T 61 L1 <1 €1 L1 LT 81 b 0¢ T8¢ 1881 XLIS-OVLO  Sbl
O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 5pod NSSI #

penunuod 7 dqel,

pringer

Qs



1433

Scientometrics (2017) 111:1415-1448

0T 1T 0T ST @ 0T L1 S1  0C 0T TT S8 vIE  T6E  90KT PPPE-9000 261
6C 6T LT ve 1€ LT vT 1T 9C 9T 0 S9I 609  €CL  TEES 9L0P-H0E0 161
67 8T ST 43 6T 9 €T 0 v¢ vt LT 08 vLL  9€6  0£9S 00S1-¥SOT 061
LT 8T LT €€ 0€ LT €T Ic 8t LT 6T 6 L8€  69F  SLIY 675678100 681
0T K4 0T T w 0T L1 91 0z 0T T 8Tl 98T  S9E  6E€T €8€6-9880 881
01 11 A S1 €1 4 01 6 (4 S!S 4 Y 08 €6 9¢¢ LLS9-89T0  L8I
€1 ! 4! L1 91 4! (4 IT €1 ST €1 9.1  6IT  8ST €16 $99¢-6£00 981
(4 €1 ! L1 <1 ! (4 I ST ST #1  #¢ 33 €I TSL S90F-TT00  S8I
11 11 4! S1 €1 4 o1 6 (4 SS) S § L8 101 8SS 8TLP-TEO0 P8I
81 61 61 €T 1z 81 91 vI 61 61 LI 9§ 01T T oLl PryS-brST €81
! 91 L1 K4 61 L1 ! €1 91 LI 91 99 TIT SIT L0OT SEIT-9TLT T8l
6 6 6 11 6 8 L L I 6 11 8¢ 18 10C  #8% 16€0-bv61 181
L1 81 81 w 0T L1 <1 v 61 81 LI T8 91 SIT  66VI 89Y9-TLI0 08I
€1 4! ! 81 91 ! (4 1T #I ST ¥1 €21 SIT  6¥I  LO06 TOTT-L000  6LT
! S1 <1 81 L1 S1 €1 T ST 9T ¥I 9% 6v1  SST 1801 X¥90-6880  SLI
0T L1 ! 0T 81 91 ! €1 ¥ €1 6l Ib 0S6  ¥9ST  TLSE 89VS-TYLT  LLI
L1 81 L1 1z 61 91 ! €1 L1 91 61 601 ¥8CT 80K 1681 PLIE-0960  9LI
L1 L1 L1 K4 61 L1 vl €1 81 LI 61 €L 90T  SLT 0951 1968-7L81  SLI
6 o1 o1 (4 I o1 6 3 I I I 9 L SIT 19 60¥8-6LY1 VLI
4 €1 €1 91 vl €1 11 or  ¥I  ¥I €1 9€ vEL  ILT  TE8 TLE6EI9T  €LI
(44 (44 0T ST €T 0T 81 91 TC 61 YT YL vy 8v9  LOTE ¥8I8-TE61  TLI
134 w 8¢ 6 44 6€ ve I€ € S¢ Ob 6CIT  6¥Cl  LIPT  $98°TT  SS98-L9T0  ILI
Tl €l €l 91 ! (4 11 ol € € T 9 LST 60T 988 6v06-S0€0  OLT
4! €1 €1 91 ! €1 11 of €1 €I ¥I  9¢ 6v1 681 VS8 LT91-0960 691
O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 D 9pod NSSI #

penunuod 7 dqel,

pringer

Ns



Scientometrics (2017) 111:1415-1448

1434

S 91 L1 1T 61 L1 ! €1 L1 8T 91 S6 801  OvI  OIII 6£00-6610 91T
Iz w (44 9 T 1z 81 LT 1T T¢ € Tl €T ¥0E  LYET PPOr-Sorl  SIT
61 1z 1z 9 €T 1z 81 91 T¢ T¢ T €bl €SI 861  SS8I 1T6L-8600 V1T
0€¢ 0€ 6¢ 9¢ 43 6T ST € 6 6T 0f 0Tl L8y  ¥SS  860S  X¥9E-0£00  €1T
<1 91 91 61 L1 <1 €1 Tl 81 9T LT Lyl TEL  Y9T  I¥El 17€9-8€ST  TIT
I€ I¢ 6T 9¢ €€ 6T ST € LT 8T 0f L8T  S¥9 9L  088S 6€7L-69T0  TICT
&4 €T €z 8T 9 €T 0T 8T vz vt YT LET 861 8T  bEET 0T8S-v8ET 01
44 w 8¢ 6 44 6€ ve 1€ € ¥€ 98¢ T TIST 6891 S8I6El  008€-40€0 60T
6€ 6€ LE 9% w LE 43 6c S€  SE€  LE  S6 0S8 976  6TS6 0T€8-1S60 80T
91 L1 L1 1z 61 L1 ! €1 91 LI ¥ 88 TLl 1T Igpl €TIE-€E00  LOT
91 81 81 w 61 L1 S1 vl 81 81 61 I8 091 661  LIbI 96¥7-T00 90T
! S1 91 0T 81 91 ! €1 9T LI ST 60l 901  6I1 9.6 6£SP-89ST  S0T
LE ve 0¢ o 9¢ 43 8T ST 8T LT S§& €29  FIET  08LT  90S0T  SIL9-LLTO  +0T
i€ I¢ 6T 9¢ €€ 6T ST € 6T LT €€ 98 L89  TL8 919 TECHTLTO  €0T
61 0T 0T ST @ 0T L1 ST 0z 0T <TC S80I  ¥€C 98T  SSOT TSTL-€880  TOT
ve €€ 0g 6€ ce I¢ LT Yo 1€ 8 €¢ 801 8IS  90Il T96L vIT10-5910 10T
vl S1 vl 81 91 ! 4 1T 91 SI 91 6L €1 seT IplI 90L1-0v00 00T
St St w 43 Ly w LE €€ 66 65 Sy 9SI  SEIT 191 €LEE]  8SO-SOEO 661
93 ce vE w LE €€ 6T 9¢ T€ TE LE ISE  LI9  IEL  6STL 1169-L910 861
vT vT € 8T ST €T 0T 81 IT TC ¥T 99 796 199 pL8E 0orzE-9erl  L61
9T 9 T 0€¢ LT T ¥4 61 vT vt LT Y6l  Tvb  L9S  L66E 0195-6200 961
34 154 6€ 0S 9% o s¢ 1€  9¢ LE TH 8§ 6CIT  ILTT  LISTI  8ITI-89FT  S61
¥4 ¥4 61 T (44 61 L1 ST 0C 61 TC T €€ ¥IS  ObLT LST9-TE6T P61
<1 91 91 61 L1 S1 €1 T 91 91 LT 0S LLT  ¥E€T  LSTI 86617960 €61

O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 D 9pod NSSI #

penunuod 7 dqel,

pringer

Qs



1435

Scientometrics (2017) 111:1415-1448

9T 4T ‘T T = %b “0b Jo sonyea juaIayyIp 103 (81) by jo wonnos [eouowNU

)X (0)

o) (06)SHy ‘T ‘60 ‘8°0 ‘L°0 ‘€9°0 = O ‘04 Jo soneA JUSIQIIP I0J ‘B[NULIOJ 1IAqNYIS—[ozuRD oy (O4)OSy ‘Xopul-y 9y} 10} SeINULIOJ M-}IoquIe| A\_s: ¢ My cxapur-y ay) Jo anfeA

remoe oy i ‘1oded pa)Id IsOW AY) JO SUOTILIID JO JAQUUNU [210) A L) “@ou0 3B Je payto s1aded Jo roquuinu [e1o) |7 ‘sroded Jo Toquinu [©10) oY) 7 ‘SUOTIEIID JO JOqUINU [©10) Y} )

91 L1 81 w 61 L1 <1 vI 81 81 81 16 ST L81  PLEL 11SS-0L01 €T
9 6T 1€ 6€ Se 3 LT SC 06 T€ € Sy 6bI 691  98IE TIVL-69ET  0€T
Ly 8t <% 9¢ 0S Sy 6¢ S¢Sy TP SS 996  I¥8  ITIT  SO0‘VI  SEYPTEST  6TT
61 0T 0T T (44 0T L1 9T 0t It 1T SLE  IST  LET 6061 LETH-€880  8TT
61 ¥4 ¥4 9 T ¥4 81 LT 61 TC 8T 09% IST 961 988l 1L1€-LT00  LTT
€€ ve ve |82 LE €€ 6T 9z €€ €€ Ig SIE  €€F 98y  Sg€8¢ ¥9€5-0600 9T
LT 81 81 w 0T L1 <1 vI 61 81 Iz TOl €SI I1z  9Lbl 70877960  STT
9z LT 9z 43 6T 9 w 0c 9T 9T 9T VL oL  0Tr  PILE 0LEE-0LO0  ¥TT
6 st 9% S¢S 0S 44 6¢ S¢ 6¢ Ov PP YIT  9ISI  9€91  €S9°91  XO09I-0LPI  €TT
vT 9 LT €€ 0 9 €z It St 8t ¢ 16 ¥lt 1€ 6LST €€L8-8LE0  TTT
€1 vl 1 81 91 vl 4 1T €1 ST ¥ 8T 66 SIT €08 IVCI-6v00  1TC
6T 6T 8T s¢ I¢ 8T T TC 8 LT Ig 9ST  6IS €99  1€TS 65717910 07T
(42 w o 0S 9% o s¢ 1€ 8¢ 8¢ TH 8Sy  L6L  £T6  ¥6SOT  9€T6-L9T0 61T
61 0T 0T T (44 0T L1 91 0z It TC 8ST 981  SvT €6l S100-S€L0 81T
8T 6T 6C 9¢ 43 8T ST W 9T 6T ST S9L  S¥E ¥y ITEp v€T9-TSOT  LIT
O S  (p1) Sy (T1) Sy (DO (€)%Y ®)OSy )%y (€)% Y of vy o) L 1 D 9pod NSSI #

penunuod 7 dqel,

pringer

As



1436 Scientometrics (2017) 111:1415-1448

it consists of journals with a minimum number of 50 publications. We recall that the IPP
2014 of a journal is basically the average number of citations received by papers published
in 2014 (registered in the Scopus database), to papers published by the same journal from
2011 until 2013. In particular, Scopus takes account of the following types of citable items
and citing sources: articles, reviews, and conference papers. All other documents (e.g.
notes, letters, articles in press, erratum, etc.) are excluded from the computation. We
downloaded from Scopus the citation data of all 100 journals on the aforementioned list
during the last week of April, 2016. The dataset obtained included 19,889 publications
receiving a total of 74,096 citations (during 2014). The complete list of these journals is
reported in Table 3, where each journal is identified by its ISSN code. Differently from
above, we excluded all non-citable items (e.g. notes, etc.) in order to obtain sets of
publications as close as possible to those employed for the computation of IPPs by Scopus.
Once the set of papers for each journal has been selected, it is possible to request a citation
report (“view citation overview”) and download the citations per paper received in the
year 2014: that is, all and only the citations needed for the computation of the IPP 2014. In
fact, we found some positive differences between the actual values of m = C/T, with an
average value over all 100 journals of 3.8, and the official IPPs 2014, with an average value
of 3. These differences may be due to: (1) a delayed update of the database (the IPPs were
published by Scopus in June 2015), and (2) a larger set of citing sources and documents
(with Scopus, it is not possible to limit the citation report to particular citing sources or
documents). Similar differences between official and observed values have been found and
discussed, for instance, by Leydesdorff and Opthof (2010), Stern (2013) and Seiler and
Wohlrabe (2014). Nonetheless, in this case the ACPP m = C/T should, theoretically,
represent a 3-year synchronous impact factor for the year 2014 (Ingwersen et al. 2001;
Ingwersen 2012) in that we considered only citations received during 2014 of papers
published within the previous 3 years. For each journal, we manually computed the actual
value & of the h-index as the largest number of papers published in the journal between
2011 and 2013 and which obtained at least 4 citations each in the year 2014. Ultimately,
we obtained a synchronous A-index (Bar-Ilan 2010), for a 1-year citation window.

Estimating the h-index

In the same way as above, for each journal we manually computed the actual value 4 of the
h-index. Table 3 reports, for each journal, the h-index, A, and the other indicators also
considered in Table 2, namely A\, A\, hsg(p,). for o =0.63,0.7,0.8,0.9,1, the
numerical solution At(qo) of Eq. (18), for different values of ¢o, namely go = 1.2,1.4,1.6,
as well as the simple basic metrics C, T, T and C.

Discussion and conclusion

The h-index is, today, one of the tools most commonly used to rank journals (Braun et al.
2006; Vanclay 2007, 2008; Schubert and Glidnzel 2007; Bornmann et al. 2009; Harzing and
van der Wal 2009; Liu et al. 2009; Hodge and Lacasse 2010; Bornmann et al. 2012;
Mingers et al. 2012; Xu et al. 2015). Indeed, its value is currently provided by all the three
major citation databases, WoS, Scopus and GS. In an earlier study (Bertoli-Barsotti and

Lando 2015) the Lambert-W formula for the A-index Igw was proved to be a good estimator
of the h-index for authors. In this paper, we have extended the empirical study to the case

@ Springer



1437

Scientometrics (2017) 111:1415-1448

6 o1 or a 9 6 g L 6 Ol 8 6b €6 60 v  XbLLSHl  OT
I I I bl i I 6 6 11 11 11 T€ bl Tl 889 XLE6LOVI ST
o1 o1 o1 61 L1 o1 €1 g vl SIS €€ €96 Itk €Tl 6PREITE0 T
bl Pl ¥1 L1 o1 bl a I €1 ¥l T bt €17 v 9801 LLTSLEST €T
I a a bl €1 I o1 6 11Tl ol ¥L TTl S¥I 199 bLLpTHST T
T vz 1z 8z T i 6l L1 6l 0C T T 888 90l 8LOF  €LTSST60 1T
o1 1 1 €1 a 1 6 8§ 11 11 11w 66 8 LIS 1014910 OC
L 8 8 o1 6 8 L L 6 6 Ol 9 9 SO LT  S$SLS6OKT 6l
6 or or €1 a 1 6 8§ ol 11 ol T s SS 196  SKToIbLI 81
6 or or €1 1 o1 6 8 ol 11 6 8 8L 16 T  SILL<SHel LI
@ 1z 61 s w 0c L1 o 61 61 1T 8 795 €L  SOSE  TST8T000 Ol
or 1 1 €1 a 1 6 8 11 T ol T €01 €Il 9IS  06LLSH6l Sl
a €1 €1 91 Pl €1 1 Of €1 ¥ €1 8§ Ol SSI  S6L  0669-8LPT ¥l
Pl oI o1 61 L1 oI €1 QST 91 ST TS bl SLT 901 OTS9OKST €I
oI o1 S 61 L1 S1 €1 1 ST 91 ol 8  9ST 88T 681  S9EL-SOpT Tl
o1 1 1 Pl a 1 o1 6 11 Tl ol 9 6L 6 €8y  XPESLEST I
6 or 1 €1 i 1 6 8 11 11 ol 9 1L I8 vy 60vT€est Ol
bl bl bl 8 o1 bl a I vl Sl w1 S€ 1Ll /81 HIOI  797089P1 6
oz 0c 0z ve 14 61 L1 SI 6 61 0T 8 TLE TP €Ik XSOWbOSO 8
Pl o1 o1 61 81 o1 Pl TSt L1 ST Il STl ovl SIOl  €0L0-C600 L
oI L1 L1 1z 61 L1 oI € L1 81 LI Iv  €pl €SI 9611  SSILLYST 9
bl o1 o1 oc 81 o1 Pl Q91 L1 ST bb I €61 66 60SES680 S
L1 61 61 £ 1z 81 o1 ST 6 6l LIPS 8LI 061 6T 19790WSI b
61 0z 1z sz £ 0z 81 o 0z 1z 1T 61 §L1 €61 €L LITILSST €
oI L1 81 14 oc 81 o1 PI ST 6l 81 8 LIT LZ1 1911  OSOPIESI ¢
a Pl N 61 L1 G1 €1 TSt 9T ST 19 €9 6 169  SISOTZ00 1

01 S%y  (F1SYy (1) Sy ()% (6) %y (8)9y (L)% (¢9)%y d of oy o 1z D 9podNSSI  #

(sen[eA popunoI) se[NUIIO} JUAIJJIP JO SUBAW AQ PIJB[NO[LD XAPUI-y YOoSITH 9y} Jo suonewrxoidde oy) pue spewmol jo ISI| J29HH oY J0J sonsnels oiseqg ¢ Qe

pringer

Ns



Scientometrics (2017) 111:1415-1448

1438

9 L L 8 L L 9 ¢ 8 L 8 ST ST 9 6L  Sovbessl TS
L 8 8 o1 6 8 L 9 8§ 6 8 LI LS 0L 9T  X0SITOI 1§
9 L L 8 8 L 9 S L L 8 9T 66 IS  SLI  S600€100  0S
6 6 6 o o1 6 8 L 6 6 6 € 98 61 wh  LOLTLEST  6F
1! 1! Cl Sl el 1! (0] 6 1! Cl v1 ce ve 16C 166 7616-90€0 1374
9 L L 8 L L 9 S L L L 9T 99 <S¢ SLI XL1¥-1¥0T LY
8 6 6 11 6 8 L L 8 6 L 89 L 66 (0149 8E€69-€LST 9%
Il Il It 14! 1! Il 6 6 Il Cl I Y4 wl €81 €L9 6¥10-9601 Sy
Il 1! Il 14! 1! Il o1 6 Il 11 Il (44 161 L¥C YoL 9661-7200 ha%d
ST Sl vl L1 Sl 14! 1! 11 1! €l Cl ce 66€ CLY LSST XL6S-80€0 (94
6 6 6 I o1 6 8 L ol ol o 1T 98 Il 865  X6LOSLYI  Tb
8 6 6 I o1 6 8 L 6 Ol 6 Lt §L S8  SS€  €hTT990I  T¥
11 1! 11 vl el 11 01 6 11 Cl (018 6C 6L1 01¢ 09L L6T0-89%1 [0)4
o1 1 i €1 a 1 6 8 11 T ol 9 el el 98 OISOV 6f
L 8 8 o1 6 8 L 9 8 6 6 € vb 8 Sk 10£94200  SE
61 6l L1 < 61 L1 Sl v1 91 91 L1 149 L9S L9 029¢ 6008-1260 LE
L 8 8 or 6 8 L 9 8§ 6 8§ € IS 99 9y  €8€I-Th6I  9€
L 8 8 o1 6 8 L 9 8 6 8§ vl ¥ 09 66T SITLLYST  SE
1 1 1 bl i I o1 6 Il T Tl €T vl ST 689 9IS60601  bE
a a i S €1 a o1 6 T T T sk 8L LIT LS 9T8HI000 €€
a a a S €1 a o1 6 11 T Il $& S0 T LS8  06T60SST  Tf
€1 ¢1 €1 o1 b1 €1 I o T €1 € LT T T  S90T  THIEO0SST 1€
L 8 8 o1 6 8 L 9 8 6 8§ vE T ¥ pET  006TTHLI  Of
8 6 or A I o1 6 8§ ol Ol Ol 9 6F LS € SIPP980 6T
€1 €1 €1 o1 o1 €1 I O T vl € 95  $81 €T 8¥6  S6ILLYST ST
% 61 L1 w % 81 o1 PI ol L1 9 97  $9S L[99 €897 ISI9C/81 LT

01 Sy (yDSYy  (TD) Sy (D% (6) %y (8)%y (L)% (g9)%y (Y @f oy 1o 1 O opooNSSI  #

panunuod ¢ Jqe],

pringer

Qs



1439

Scientometrics (2017) 111:1415-1448

8 6 8 o1 6 8 L 9 8 6 8§ € €I skl b 19Sh-LIT0 8L
Il Il 01 el Il (0] 6 8 ol 01 01 Ll 4Y4 [543 LIS [7€6-68¢€1 LL
8 8 g 6 g 8 L 9 8 8 8 € 66 9  SIE 8906601  OL
9 L L 8 L L 9 S L L L L 18 0t 09601 SL
6 6 6 Il (0] 6 L L 6 6 01 1€ 1181 9¢1 LEY 9y8¢-1161 YL
8 8 g or 6 8 L 9 8 6 L 6l 9T 6l 8§  PIISHONT €L
L L L 6 S L 9 S L 8 L vl SL LOT 9T L60E-TLST L
8 8 8 o1 6 8 L 9 8 6 8 Sb SOl ST 68 TS0 1L
6 6 8 o1 6 8 L L 6 6 6 6 ST L9  €&b  91699SLT 0L
9 9 9 8 L 9 9 S 9 L 9 11 LY €S €91 XerP-Te61 69
8 8 8 or 6 8 L 9 8 6 6 81 06 1T 6¥E  6IY9LOVI 89
9 L L 6 8 L 9 S L 8 L (44 LS 19 00T YTC1-9601 L9
6 6 6 11 01 6 8 L 6 (028 6 0¢ el <ol 06¥ LOTY-TOE0 99
9 L L S 8 L 9 S L L L 11 19 6L v1¢C LOES-LEST <9
L L 8 6 8 L 9 9 8§ 8 8§ T 1 8 T  SEEIC0 9
9 L L 8 L L 9 S L L L T LY 89 61 181+-98€1 €9
L L L 6 g L 9 9 L 8 L 0l 6 08 Sk  S€SThSLOl 79
L L L 6 8 L 9 9 L 8 L € 8L I 0L  LO0STET 19
o1 1 or €1 I o1 6 8 ol 11 6 91 Tl €I T  I£656960 09
a a 1 b1 €1 1 o1 6 11 11 Il vL 9T IEE 656 LTLTLWOO 68
a a 1 bl a 1 o1 6 11 11 € S 0T S6C 98  SLSEHOSO 8§
L1 o1 bl 81 o1 o1 €1 I € € vl S§  Tes 9IL  890T  SITISIKT LS
L 8 8 6 8 8 L 9 8§ 8 L ¥t 1L 98  $9T  6306TLST 98
L L 8 6 8 8 L 9 8§ 8 8§ LI 9 9 1€ €SLS68ET  SS
o1 61 pI 81 o1 b1 i I €1 vl €1 T 9tk ObS  STLT  T66S-€L8T S
I I I €1 a o1 6 8§ ol 11 Il 19 gl 81 P9 XSPS9TSI €6

01 Sy (yDSYy  (TD) Sy (D% (6) %y (8)%y (L)% (g9)%y (Y @f oy 1o 1 O opooNSSI  #

panunuod ¢ Jqe],

pringer

Ns



Scientometrics (2017) 111:1415-1448

1440

9’1 ‘p'T ‘T'1 = 9P “0b jo son[ea 1w 0¥ ‘(1) by Jo uonnjos [eoLLWINU
) (0b) S8y <1 ‘6" ‘8°0 ‘L°0 ‘€9°0 = L ‘0L Jo sonJeA JUSISYJIP 10] ‘B[NULIOJ 1AqNUYIS—ZUR[D) () DSy ‘Xopul-y oY) 10J SB[AULIOJ A{-11oqUIe] A\_suw ,A%: ‘Xopul-y Y] JO an[eA [enIoe
oy ¢ “xoded pajio 1sow Ay} JO SUOHEIID JO JdqUINU [8)0} 3y} ') “@ouo Iseo] Je payid s1aded jo xoquinu [ejoy oy 'z ‘s1oded jo Jequuinu [30) U} J ‘SUOHEIID JO IQUINU [B)0) O3 )

9 9 9 L L 9 S S L L 8 el Iy YL 9LI1 ¥€0L-8910 001
6 6 8 01 6 8 L 9 8 6 8 6l Syl vel (5124 X1S6-€¥01 66
L L L 8 8 L 9 S 8 8 8 14! 09 88 1€¢ LY15-80€0 86
L L L 8 8 L 9 S L L 9 6 88 LTl LT 9681-6L11 L6
9 9 9 8 L 9 S S 9 L 9 SI 0s 9 L91 G8G8-LLBI 96
SI 4! 4! 91 SI €l Cl 01 11 [4 B 9¢ 129 €68 €661 99CH-8LE0 S6
9 9 9 8 L 9 S S L L 9 01 144 LS 6S1 $680-L9V1 ¥6
81 L1 SI 6l 81 91 4! 4! el 4 B 6¢ LIL  ¥€6 LT9T  L690-ELST €6
6 6 6 17 01 6 8 L 6 6 8 8¢ LT PP (399 6611-6260 6
9 9 9 L 9 9 S 4 9 9 S 8 9 68 SLT cClI-cevl 16
9 L L 8 L 9 9 S L L 9 14 8L €ll e 6609-9601 06
8 8 8 o1 6 8 L 9 8 6 L 81 el oLl 91y 089C-9L10 68
8 8 8 6 6 8 L 9 8 8 8 SI eIl €91 LE SSCI-6601 88
L L L 6 8 L 9 9 L 8 8 9C 9 €8 e 19v1-SLy1 L8
I I 01 €l 11 01 6 8 0l or II 81 861 19T 6IL €160-€LST 98
8 6 6 01 6 8 L L 6 6 6 Sy 6L LIT 89¢ 6198-T6¢1 S8
L L L 6 8 L 9 9 L 8 L 91 L8 (U8 €LT 1710-9961 78
9 9 9 8 L 9 S S 9 L 9 8¢ 09 16 S0c XCOL-LyL1 €8
8 8 8 01 6 8 L 9 8 8 8 8¢ €6 el ore $S9L-8760 8
9 L L 6 8 L 9 S L 8 L 8¢ (514 YL 8I¢C 1210-8€00 18
Cl ! 11 4! Cl I 0l 6 01 [ 8¢ Soe  vO¥ LEOT 9L07-¥0€0 08
L L L 8 L L 9 S L L L 8 LL 101 8¢C 7008-8¥C1 6L

==
-~

S=
~=

(o1) S8y (p1)S¥%y  (z1) S8y (1) 9y (6) %Sy (8)9Sy (L) %y  (€9) %y y 1D 'z 1z D 9pod NSSI #

panunuod ¢ Jqe],

pringer

Qs



Scientometrics (2017) 111:1415-1448 1441

of the A-index for journals. One of the major differences between the case of an individual
scientist and that of a journal, for the computation of the A-index, is the role played by
publication and citation time windows, and the approach adopted for the analysis and
interpretation of the citation process (“prospective” vs “retrospective”; Glidnzel 2004). As
stressed by Braun et al. (2006): “The journal A-index would not be calculated for a “life-
time contribution”, as suggested by Hirsch for individual scientists, but for a definite
period”. In fact, “Hirsch did not limit the period in which the citations were received”
(Bar-Ilan 2010). Unlike the case of individual scientists, and in view of a comparative
assessment, calculations of a journal’s h-index must be timed (note that a notion of “timed
h-index” has also been recently introduced by Schreiber (2015), for the case of individual
scientists), i.e. it must be referred to standardized time periods of journal coverage, for
example of 2, 3 or 5 years, as is usually done for the computation of the impact factor, in
order to limit the typical size-dependency of the h-index—that is, its dependency on the
total number of publications (an indicator is said to be size-dependent if it never decreases
when new publications are added, Waltman 2016). A journal’s “impact factor” is essen-
tially a time-limited version of the average number of citations by papers published in the
journal in a given period of time. Several types of “impact factors” may be defined,
depending on different time windows considered for publication and citation data and,
possibly, different approaches to the analysis of the citation process, leading to syn-
chronous or diachronous impact factors (Ingwersen et al. 2001; Ingwersen 2012). In its
WoS form, the publication window is 2 years (defining the 2-year Impact Factor, IF) or
5 years (defining the 5-year Impact Factor, IF5), while Scopus adopts a 3-year publication
window for its IPP. In all these cases, the impact factor is computed in a synchronous
mode, i.e. the citations used for the calculation are all received during the same fixed
period—1 year, in these cases.

In this paper, we first presented the Lambert-W formula for the A-index in two versions
(differing on the basis of the various citation metrics on which they depend), a basic

version and an improved version, respectively hgg) and fzw. Then we tested, by means of an
empirical study, their efficiency and effectiveness, as well as:

1. that of another popular theoretical model for the /-index that has been successfully
applied elsewhere to the same type of application, i.e. the Glidnzel-Schubert formula,
hsc(yy), for different values of the free parameter )y, and secondly,

2. that given by the numerical solution hps(go) of Eq. (18), for different values of the
free parameter qo.

We compared the performances of these formulas as estimators of the h-index—in
particular, in terms of accuracy and robustness—with an empirical study conducted on two
different samples of journals. We computed the i-index manually, on the basis of citations
downloaded. In our empirical study, in the first dataset (S&MM), the ACPP m = C/T can
be interpreted as a diachronous impact factor (Ingwersen et al. 2001; Ingwersen 2012),
because for each paper the citations are counted from the moment of publication until the
time of accessing the database (as in the case of individual scientists). More specifically,
we computed an “impact factor” involving a 6-year citation window over a 5-year pub-
lication window. As to be expected, due to the larger citation window, we obtained, for all
231 journals, the averages of 4.4 and 1.5 respectively for m and IF5{2014}, the traditional
5-year impact factors 2014, as published by WoS in its Journal Citation Report. Moreover,
we also observed a high level of Pearson correlation, p, between m and IF5{2014}, that is:
p(m,IF5{2014}) = 0.87 (quite similar to that observed between [F5{2014} and
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IF{2014}, the WoS 2-year and impact factors 2014, that is:
p(IF{2014},1F5{2014}) = 0.90). Instead, in the second dataset (EE&F), m can be
interpreted as a 3-year impact factor in its ordinary synchronous version, as computed by
Scopus. Hence, following the terminology of Bar-Ilan (2010, 2012), we obtained a dia-
chronous and a synchronous %-index, respectively, in the first and second empirical study.
To evaluate the measure of fit of an estimate of the A-index, say ﬁj (rounded to the nearest
natural number), with respect to the exact value h;, we computed the absolute relative error

ARE; = sz - h,) /h,’ and the squared relative error SRE; = ((ﬁ, — hj)/h,)2 for each
journal j, j = 1,...,J. Then, as a criterion with which to assess the overall quality of the
various estimators considered in the paper, we computed the mean absolute relative error,
MARE(fz) = Zf:] ARE; / J ~and the root mean squared relative  error

RMSRE(fz) = ./Zle SRE, / J, for each estimator.

1. As expected, the Pearson correlation between the actual value & of the h-index and

each of its estimates h&g) s ﬁw and hsg (), was very high, for both S&MM and EE&F
datasets. In particular, this confirms previous empirical results concerning the formula
hsg (see Schubert and Glénzel 2007; Glidnzel 2007). Indeed, p always exceeded 0.97.

More specifically, we found the following: for the S&MM dataset, p(h, hg;)) =0.97
and p(h,i})) = p(h, hs) = 0.98; for the EE&F dataset,p(h, h))) = p(h, hsg) = 0.97
and p(h, l;&l,)) = 0.98. Nevertheless, as can be seen from Figs.2 and 4, a high
correlation does not specifically identify a “good” estimator for the h-index. Formula

l;(ul,) yielded similar levels of correlation, but a much lower level of MARE, see Figs. 1
and 3 (be aware that the figures refer to non-rounded values of the estimates). Note that
the correlation between the h-index and hsg(y,) does not depend on the unknown
value of y,, while, at the same time, the MARE of &ss(7,) depends heavily on the
choice of y,. As can be seen from Table 4, at its best (among the values of 7y, tested),
the error of hsg(7y,) reached its minimum (in terms of both MARE and RMSRE), for

60
50+
40+ o

o
30+ ogd-" ©

h-index

20+

10+

0 10 20 30 40 50 60
estimated h-index
CORR=0.98; MARE=008

Fig. 1 S&MM dataset: scatterplot of A versus ﬁw. Pearson correlation p(h7 ﬁw) =0.98,
MARE (}I(u],)) = 0.08. The dashed line is identity, so ideally all the points should overlie this line
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Fig. 2 S&MM dataset: scatterplot of A vs Glinzel-Schubert formula hsg(1).

Pearson correlation

p(h,hsg(1)) = 0.98, MARE(hsg(1)) = 0.16. The dashed line is identity, so ideally all the points should

overlie this line

7o = 0.9, for the dataset S&MM, while for the EE&F dataset the error of hgg(7,) is at
its minimum for a slightly different value of 7, i.e. yo = 0.8. This confirms that, for
fixed values of ), the effectiveness of the formula may depend on the length of the
citation window considered (Glidnzel 2008) and, finally, that there is no “universal”
optimal value for the constant yq in the formula Asg(7,). Instead, for both datasets, the

formula ﬁ(wl,) gives similar, and even smaller, levels of error (in terms of both MARE

and RMSRE).

2. The approach that consists of obtaining the numerical solution 4gs(qo) of Eq. (18) was
also considered. We tentatively tested this method for nine different values of the free
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Fig. 3 EE&F dataset. Scatterplot of /& versus 5541,). Pearson correlation p(h7 ﬁg‘],)) =0.98,

MARE (}I(u],)) = 0.05. The dashed line is identity, so ideally all the points should overlie this line
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MARE(hsg(1)) = 0.25. The dashed line is identity, so ideally all the points should overlie this line

parameter g between 1 and 2, i.e. go = 1.1, 1.2,...,1.9. As expected, the resulting
estimates were more or less accurate depending on the set value of gy. Of the nine
values of ¢ tested, the smallest estimation error was obtained for a g, value equal to
around 1.4 (MARE = 0.065; RMSRE = 0.094), for the S&MM dataset, and for a g
value equal to around 1.2 (MARE = 0.058; RMSRE = 0.093) for the EE&F dataset
(see Table 4). Ultimately, At was found to be the most accurate estimator (if one takes
qo = 1.4), of those included in Table 4, for the S&MM dataset and the third best (if
one takes go = 1.2), for the EE&F dataset. Overall, the errors are not dramatically
different in the range of g between 1.2 and 1.6, and then a value of go = 1.5, also
tested by Bletsas and Sahalos (2009), may be a good compromise solution. The
Pearson correlation between the actual value & of the h-index and its estimate hgs(qo)
varies slightly according to the selected value of gq, but it is still very high: in
particular, for go = 1.5, we obtain p(h, hgs(qo)) = 0.98 for the S&MM dataset and
p(h, hes(qo)) = 0.96 for the EE&F dataset. Hence, overall, the method may lead to a
very good fit, but it has two main drawbacks. First, the expression of hgs(go) is not
given by any explicit formula. Second, this method continues to suffer from the
problem of the conventional choice of an unknown parameter, in that we do not know
a priori the value of the parameter ¢ that will yield the “smallest” estimation error.

In conclusion, basically, the same type of equation (see Egs. 4, 10), describes the

relationship between the /-index and other simple citation metrics. The Lambert-W for-
mula for the h-index works well (also) for estimating the h-index for journals—especially
in its improved version (13). As can be deduced from our empirical study, this still holds
true for different scientific areas, for different time windows for publication and citation,
for different types of “citable” documents, and for different approaches to the analysis of
the citation process (“prospective” vs “retrospective”; Gldnzel 2004). At the same time,
the Gldnzel-Schubert class of models seems to be much less robust and reliable as an
estimator of the h-index, because its accuracy closely depends on a conventional choice of

one or more unknown parameters. We may accordingly conclude that h&g) and ﬁ(ul/) are
quite effective “universal” (in the sense that they are ready-to-use) informetric functions
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that work well for estimating the A-index, for a sufficiently wide range of values. Indeed,
our empirical analysis, though preliminary, suggests that the fit is very good, at least for the
datasets that we studied, and for values of its arguments that are not too large, namely,
h <40, T < 2000 and m < 20, which may be considered standard values for the cases of
both and scientists journals within time-spans of 2-5 years.
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