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We analyze the publication output of 119 Chilean ecol-
ogists and find strong evidence that self-citations sig-
nificantly affect the h-index increase. Furthermore, we
show that the relationship between the increase in the
h-index and the proportion of self-citations differs
between high and low h-index researchers. In particular,
our results show that it is in the low h-index group where
self-citations cause the greater impact.

The h-index (Hirsch, 2005) was proposed to quantify the
research productivity of individual scientists and is defined as
follows: “A scientist has index / if & of his/her N, papers have
atleast /i citations each, and the other (N, — h) papers have no
more than h citations each” (p. 16569). The h-index is increas-
ingly recognized as a simple yet sound estimator of the scien-
tific research output of individuals, but there is also disagree-
ment on its reliability (Kelly & Jennions, 2006; Bornmann &
Daniel, 2007; Hirsch, 2007; Lehmann Jackson, & Lautrup,
2006). There is evidence that the h-index is sensitive to
inflation through self-citations (Kelly & Jennions; Schreiber,
2007a,b; Enqvist & Frommen, 2008). The proponent of the
h-index originally acknowledged this point but underrated
its importance. (“While self-citations can obviously increase
a scientist’s #, their effect on A4 is much smaller than on
the total citation count.” (Hirsch, 2005, p. 16571)). A recent
study (Engqvist & Frommen, 2008) analyzed the publication
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record of 40 researchers and argued that the supposed sensi-
tivity of the h-index is overestimated and that the purported
increase of #-index via self-citations is rather unlikely. Here,
we first show that Engqvist and Frommen’s analysis is partly
misleading and that their conclusions are biased. Second,
we present an alternative, more meaningful analysis based on
a broader database, which confirms that self-citations signifi-
cantly affect the 4-index increase. Furthermore, we show that
the relationship between the increase of #-index and the pro-
portion of self-citations differs between high and low z-index
researchers. This should be taken into account when using the
h-index for academic committee decisions on fellowships,
appointments, and promotions.

Engqvist and Frommen (2008) randomly selected 40
authors from the fields of ecology and evolution and iden-
tified the citation causing their last increase in A-index. Then
they found the first citation appearing afterwards that would
have caused the same increase in h-index. Their rationale
was that the time elapsed between the appearance of the two
citations reflects the time that the A-index is dependent on
one single citation and, hence, estimates the duration of the
effect of selective self-citation of a given paper. They found
that half of all #-increasing citations were “redundant” within
2 months. This analysis is flawed. First, it does not discrimi-
nate between self-citations and non-self-citations. Given that
such “effect duration” most likely varies depending on the ori-
gin of the citations, no clear conclusion can be drawn. Thus,
if both the first and the second citations are self-citations,
then the time elapsed almost certainly would be shorter and,
hence, the effect duration would be, in average, of lower
magnitude than in the case of the two non-self-citations.
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The advantages in terms of i-index increase for this hypo-
thetical self-citer would vary with time; but, if this is
a consistent citation pattern, then, overall, it would cer-
tainly confer advantages over a less self-referential author.
Second, even demonstrating that such inflation of A-index
due to self-citations vanishes with time does not challenge the
main point underlying this discussion: that areliable indicator
of scientific productivity, upon which decisions for fellow-
ships and appointments may be taken, must be free from
self-citation biases. The problem is not to prove that a selec-
tive citation strategy directed towards increasing s-index is
not always successful. The point is to be aware of the effect of
self-citation behaviors on a fair estimation of scientific impact
for comparative purposes. Anyway, Engqvist and Frommen’s
analysis shows a highly significant effect of the average num-
ber of self-citations per paper on the inflation of A-index
due to self-citations. However, they interpreted it as “rather
modest,” without any quantitative basis, despite the fact that
an increase from two to four self-citations per paper would
make an increase of two in the A-index. This may be sig-
nificant for committee decisions on fellowships or appoint-
ments if other estimators of the competing researchers are
similar.

To evaluate the link between self-citation behavior and the
h-index, we carried out two analyses. We first regressed
the increase in A-index during a 6-month period against the
proportion of total citations that are self-citations. Two cat-
egories of h-index, low and high, were considered and also
included in the analysis to determine whether the increase
in h-index was more likely in high A-index researchers. We
further tested the significance of the relationship between
h-index increase and self-citations separately for high and
low A-index researchers. To build up the data set we included
the publication record of 119 Chilean ecologists, which were
selected from membership lists of Chilean societies of eco-
logical sciences as well as from exhaustive surveys in Web
sites of academic departments of ecology, biology, botany,
and zoology. We only considered active researchers (i.e., with
at least three papers published in the last 3 years) and set at
10 the minimum number of published papers for a researcher
to be entered in the database. Consequently, it was not a ran-
dom sample; we attempted to include all ecologists sensu lato
complying with those requisites. We took great care in getting
the exact publication list of a given scientist by both avoid-
ing the inclusion of papers by homonymous individuals and
including papers published under different combinations of
surnames or initials. Data were compiled from the Web of Sci-
ence (Thomson ISI) in the third week of February 2008 and
in the third week of August 2008. To calculate the proportion
of total citations that are self-citations we used the “Citation
Report” option from the Web of Science. For each author,
we first retrieved the sum of the times cited (T) and then
recorded the number of cites that are not self-citations (E) by
choosing the “view without self-citations” option. The pro-
portion of self-citations was calculated as [1 — (E/T)]. This
parameter takes into account self-citations only by the author
under analysis. Thus, it does not consider citations made by

coauthors, and, hence, it is a conservative estimation of self-
citations (see Schreiber 2007a). The final data set included
researchers with a mean h-index of 9.2+ 0.5 s.e. (range:
2-29). The mean h-index was used as a reference point to
cluster the groups of ecologists in low- A-index (from 2 to 8)
and high A-index (from 9 to 29).

The h-index increase recorded after 6 months for 119
Chilean ecologists was between 0 and 3 (mean=+ts.e.:
0.55 £ 0.06) and the proportion of self-citations ranged from
0.07 to 0.70 (mean % s.e.: 0.33 >0.01). Using a generalized
linear model (Poisson distribution linked to a log function)
we confirmed that there was a greater increase in /-index for
researchers with a greater proportion of self-citations (esti-
mate: 3.01 > 0.87, Wald statistic=11.95,df =1, p <0.001;
proportion data were arc-sin transformed prior to analy-
sis). In the same analysis, the category of h-index, low
(2-8) or high (9-29), did not affect h-index increase (Wald
statistic =0.12, df = 1, p > 0.72). Thus, authors with greater
h-indices do not have a greater probability of increasing them.
We found it more interesting that the significant relationship
between increase in k-index and proportion of self-citations
was largely due to the low 4-index Chilean ecologists. Thus,
whereas a greater proportion of self-citations resulted in
a greater increase of h-index (estimate: 2.89 + 1.01, Wald
statistic = 8.21, df =1, p < 0.005) for researchers with low
h-index (2-8, n="70), there was no relationship between
h-index increase and proportion of self-citations (estimate:
2.65+2.21, Wald statistic=1.44, df =1, p>0.22) for
researchers with high A-index (9-29, n =49). In the low A-
index group, researchers with null increase of A-index had
a median proportion of self-citations of 0.25 (range: 0.07-
0.60), those with an increase of 1 had a median of 0.33 (range:
0.14-0.70), those with an increase of 2 had a median propor-
tion of self-citations of 0.32 (range: 0.23—-0.43), and the only
ecologist showing an increase of h-index of three had a pro-
portion of self-citations of 0.44. A mechanistic explanatory
analysis of this pattern is out of the scope of this contribu-
tion, but it might be related to the structure of the algorithm
or distribution underlying h-index calculation (Hirsch, 2005,
2007). We find it interesting that after addressing self-citation
corrections for the #-index in some small data sets, Schreiber
(2007b) speculated that for young scientists with compara-
tively low h-index, the influence of self-citations should be
relatively strong. We now provide empirical support to his
guess.

In conclusion, it is clear that differences in self-citation
behavior make a difference in the #-index outcome, as has
been reported earlier (Kelly & Jennions, 2006; Schreiber,
2007a,b; Enqvist & Frommen, 2008). We think that the main
issue is not to quantify the sensitivity of the /#-index to self-
citations, because criteria to interpret the outcome of such
analysis may be subjective. The major point is that the effect
of self-citations must be taken into account for a fair esti-
mation of the impact of a researcher’s publications. Thus, we
endorse the contention that a sharpened /-index not consider-
ing self-citations should be preferred (Schreiber, 2007a). This
is particularly important when the 4-index is included in the
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evaluation criteria for faculty appointment and promotion.
Furthermore, our results show that it is in the low A-index
group where self-citations cause the greater impact. This is
the group where most applicants for a first academic job are
included. It follows that an enhanced index should replace
the h-index, at least in the case of academic appointment
processes.
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