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ABSTRACT

We study the statistics of citations made to the indexed Science journals in the Journal Citation Reports during
the period 2004-2013 using different measures. We consider different measures which quantify the impact of the
journals. To our surprise, we find that the apparently uncorrelated measures, even when defined in an arbitrary
manner, show strong correlations. This is checked over all the years considered. Impact factor being one of these
measures, the present work raises the question whether it is actually a nearly perfect index as claimed often. In
addition, we study the distributions of the different indices which also behave similarly.
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INTRODUCTION

Extensive studies have been made to analyze quantita-
tively the popularity of commodities (e.g., books, DVDs),
movies, academic publications, webpages etc. over the
last two decades or so, thanks to the availability of such
data. Remarkably, identical behaviour of the relevant dis-
tributions have been observed in many cases suggesting a
common dynamical scheme responsible for the universal-
ity. To study the popularity of a research publication or
papert, usually one calculates the citations made to that
paper. The citation probability over time as well as citation
distributions have been studied in great detail in recent
years.l'! The populatity of an academic journal may also
be similarly quantified using the citation data made to the
papers published therein. The total citations received in
a yeat, the impact factor, """ and the eigenfactor!' are
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well-known popular measures. The impact factor (IF)!*!3
of an academic journal is a measure which reflects the
average number of citations to recent articles published
in the same journal. It is frequently used as a proxy for the
relative importance of a journal within its field, with jour-
nals with higher IFs deemed to be more important com-
pated to those with lower ones. However, according to,!'”
IF may not be the perfect measure to compare the quality
of two journals. The ejgen factor measure in addition takes
into account the quality of the journals in which the cit-
ing articles appear, arguing that a journal is considered to
be more influential if it is cited often by other influential
journals. It was shown!" however that the eigenfactor
measurement is more or less correlated with the annual
citation measure.

Apart from studying the properties/statistics of the stan-
dard measures of annual citation and impact factor, we
also introduce and analyze a new measure called the cita-
tion rate, defined in the next section.
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In the present paper, we analyze the inter-dependence
of the three indices, correlations of the same measures
over time (auto-correlations), as well as their distribu-
tions. In section 2, we define the quantities considered:
the details of the data and results are presented in sec-
tion 3 and in the last section summary and discussions
are made.

DEFINITION OF CITATION INDICES

Impact factors are calculated yeatly for journals that are
indexed in the Journal Citation Reports.” The precise
definition of IF is the following: if papers published in a
journal in years T—2 and T—7 ate cited M(T—2) + M(T—1)
times by indexed journals in the year T, and N (I—2) + N
(I'—1) be the number of citable articles published in those
years, then the impact factor in year T'is given by

1T N(T -2)+N(T -1) @
N(T =2)+ N(T -1)

One can also

mea-
sure 7(T), the number of annual citations (AC) to a jout-
nal in a given year. This is given by
n(T)=23A,T) ©)
<T i

where A (#T) s the citations received in the year T by the
7 th paper published in the year 7 < T'.

We calculate another index, (1), the annual citation rate
(CR) at a particular year T that is defined as the number
of citations received in a year (annual citations) divided
by the number of articles published in the same year.
Formally,

_ ()

r(T)

Note that this is clearly different from the average cita-
tion rate defined in®" which denotes average number of
citations received in a particular time interval by all pre-
viously published papers. However it is rather arbitrary
as the numerator and the denominator are uncorrelated.
We introduce this measure with the purpose to see how
important is this arbitrariness.

These three measures are available from a single year’s
report citation data. Combining data of different years,
we consider another index 7’ which may be less arbitrary
than 7 but still quite different from I We define 7’ as
r(T)=n(1)/ <N(T)>, where N is the average of <N(T)>

over a extended time interval (10 years in our case).
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The number of annual citations #(T) might depend on
the age of the journal as well as on the number of papers
published in it. Detailed studies on citation data have
shown that a papet’s citation probability decays with time
as a power law roughly up to 20 years after its publication
after which it falls drastically.?"! So, one can assume that
the total citation 7(T) consists of citation to papers not
more than ~20 years old practically. Hence, if the ages of
the journals considered are greater than ~20 mostly, 7(1)
approximately covers the same time period for all journals
and age of a journal will not be an important factor. How-
ever, #(1) may be biased by the number of publications
and thus it is meaningful to scale it by a typical number of
publications (as done for rand 7).

DATA AND RESULTS

We collected data for all Science journals indexed in ISI
Web of Knowledge for the Science database, containing
the following information: (i) the number of citations
n(T) received by the journal in a year T (ii) IF I(T) in that
year T, (iif) number of papers N(T) published in that par-
ticular year T. The data is for 10 years (2004-2013) taken
from Journal Citation Reports (JCR).I")

Correlations

We first report the correlation between the different mea-
sures for different years. Figure 1 and 2 show the behavior
of Iversus 7 and rrespectively. The impact factor I shows
remarkable correlation with the number of citations n for
each year. In fact, the data binned for number of citations
shows a very good agreement with a power law: I = a 7 %
with & = 0.47£0.03 considering all the years. The values
of the exponents # and ¢ for different years are given in
Table 1. The binned data in Figure 2 indicate that I and
rare also related by a power law but there are apparently
two distinct scaling regimes, roughly below and above
r=50. Fitting the data piecewise by power laws, we get
Toc r¥with £ = 0.60%0.02 for r<50 and &, = 1.09% 0.03
otherwise for 2004 and £ = 0.55 £ 0.02 for » < 50
and £, = 0.89 £ 0.08 otherwise for 2013. The power
law exponent for the low r region is less than that
in the high 7-a trend that is consistent for all years,
except that the exponents are slightly different (see
Table 2 for all years). Figure 3 shows the variation of
rwith z, from where it is quite interesting to note that
the annual citations and citation rates have a different
functional dependence. Here, the variation of rwith
n fitted well with the form r =exp(c, +a, (log n)™)
and the estimated exponents are tabulated in Table
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Table 1: Table for different Table for the value of the
exponents a and & years. The fitted form is I= an?

Table 4: Table for the value of the correlation coefficient
R for large r for all the pairs of consecutive years

Year a s Pairs of year R
2004 0.04+0.01 0.50+0.02 2004-2005 0.7923
2005 0.04+0.01 0.47+0.01 2005-2006 0.8680
2006 0.05+0.01 0.49+0.01 2006-2007 0.8177
2007 0.05+0.01 0.47+0.01 2007-2008 0.7543
2008 0.06+0.02 0.46+0.02 2008-2009 0.9426
2009 0.06+0.03 0.43+0.03 2009-2010 0.9039
2010 0.06+0.01 0.45+0.02 2010-2011 0.9040
2011 0.07+0.05 0.44+0.03 2011-2012 0.9297
2012 0.05+0.03 0.46+0.02 2012-2013 0.9327
2013 0.04+0.03 0.49+0.02

Table 2: Table for the value of the Exponents a and §_for
different years. The fitted form is I=an®,

Year aforlowr § forlowr aforhighr & forhighr
2004 0.26%0.01 0.60+0.02 0.03+0.02 1.10£0.03
2005 0.24+0.01 0.66+0.01 0.09+0.04 0.93+0.09
2006 0.28+0.01 0.61x0.01 0.07+0.05 0.95+0.13
2007 0.2840.02 0.62+0.01 0.06+0.06 0.98+0.16
2008 0.26+0.03 0.65+0.03 0.04+0.02 1.07+0.09
2009 0.2940.02 0.62+0.02 0.11+0.05 0.86+0.08
2010 0.2940.02 0.64+0.03 0.06+0.03 1.00£0.09
2011 0.31+0.03 0.61x0.02 0.11+0.03 0.87+0.05
2012  0.31%0.02 0.60+0.02 0.04+0.01 1.05+0.06
2013  0.3640.02 0.55+0.02 0.10+0.04 0.89+0.08

Table 3: Table for a, b, and c for different years. The fitted
form is r=exp(c + a (log n)?)

Year a b c

2004 4.32+1.35 0.40+0.08 -6.59+1.44
2005 4.84+1.66 0.38+0.08 -7.23+1.78
2006 7.26+1.96 0.29+0.06 -9.86+2.01
2007 3.22+1.14 0.48+0.10 -5.42+1.28
2008 3.27+0.85 0.48+0.08 -5.53+0.91
2009 2.90+0.58 0.50+0.06 -4.87+0.64
2010 1.88+0.48 0.63+0.08 -3.58+0.58
2011 3.67+0.70 0.45+0.05 -5.96+0.77
2012 1.38+0.33 0.73+0.08 -2.88+0.42
2013 6.29+1.19 0.33+0.04 -8.94+1.23

3. The most relevant exponent 4 has a value roughly
around 0.5 with some variation for different years. It
is interesting to find that annual citation rate 7 which
is an implicit function of the annual citations n has a
nontrivial dependence.

Auto-correlation

We have also calculated the dynamic correlation of each
of the indices (7, 1, r) with itself over consecutive years.
Plotting the values for two different years for the same
journal, the auto-correlation is estimated by calculating
the correlation coefficient. The linear correlation coef-
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ficient is a measure of the strength of linear relation
between two quantitative variables, say x and y. We use R
to denote the sample correlation coefficient:

> (e =)y, = »)
R=—%" O

\/Z (x, =) > (¥, - »)°

Where Kis the number of individuals in the sample.

In Figure 4, the correlations for # and I are presented. We
choose two consecutive years from the extreme ends, i.c.,
2004-05 and 2012-13. It is observed that these are highly
correlated as R is close to 1 in all the cases. Such high
correlations are apparently not present for r for all pairs
of consecutive years. In fact, R for » shows considerable
fluctuation as shown in Table 4. There may be an upward
trend although from the last few data points there seems
to be a tendency to stabilize at values which ate still not
very close to unity (compared to the correlation coeffi-
cient for # and I). The lack of strong correlation in r sig-
nifies the fluctuation in the number of publications even
for consecutive yeats.

Apart from estimating the data for consecutive years, we
have also calculated the correlation for the two extreme
years for which data is available. The correlations for 7, I
and r of two extreme years 2004 and 2013 are shown in
Figure 5. The value of R in this case is still close to unity
for # while for I and rit is much less. That R is close to 1
for 7 over a comparatively long time interval (9 years) is
not surprising as for n citations to all previously published
papers are counted. On the other hand, for I, the cor-
relation drops since citations made for papers published
two years prior to 2004 and that to 2013 are completely
uncorrelated. The data for 7 is not at all surprising as we
already observed that even for consecutive years, correla-
tion is not large.
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The correlation between rand 7’is found to be quite high.
In Figure 6, we show the correlation between r and t' for
two years, R = 0.9308 for 2004 and R = 0.9549 for 2013.

Distribution of annual citations, IF and annual
citation rate: nature of their tails

First we investigate the nature of the tail of the distribu-
tion of annual citations P(#) (Figure 7A and B) and impact
factors Q(I) (Figure 7C and D). The plots showed excel-
lent scaling collapse over years when in general for any
probability distribution X(x), X(x) <x> is plotted against
x/<x>.'The distribution of annual citations and impact
factors show non-monotonic behavior, with a peak occur-
ring approximately at half the average values. The tail of
the annual citations distributions (Figure 7(B)) fit well to
a lognormal form

(Xtx) =

1 (ogx—p)’ )
xo27 20"
with ©=-1.355 and s =1.573. However, the tail of the
impact factor distribution fits to a power law, with a decay
exponent about y, = 2.92.

The probability distributions £2(7) of the newly proposed
quantity, the annual citation rate 7 also shows a power law
tail with a decay exponent y_= 2.54 (Figure 8B); although
itis almost a flat distribution for 7/ <r> < 1. The probabil-
ity distribution £(#') shows similar features as £(7) and its
tail resembles roughly a power law with decay exponent
v, = 2.63 (Figure 8D). In fact, we checked the correlation
between rand 7’ for each yeat, and found them to be very
strongly correlated (R>0.9).

If I and r are related by a power law, one can in prin-
ciple derive the exponent of the distribution of 7 from
that of I. Assuming in general the scaled distribution of
I has a power law tail with exponent y, and I « #, the
tail of the distribution for the scaled r should follow the
behavior (r/<r>77*%-"). However, we have noted eatlier
that ¢ is not unique. Putting the value of y,= 2.92 and the
observed value y = 2.54, we obtain &= 0.80. It is interest-
ing to note that this value does not correspond to either
of the two values of & (see Table. 2) estimated from the
I-r curves but rather is very close to the average of the two
values in general.

SUMMARY AND DISCUSSIONS

We analyzed the citation data to Science journals for the
period 2004-13 considering the entire data set available in
the Journal Citation Reports."” The analysis is based on
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four different measures or indices. While the impact factor
I'and annual citation # are readily available, we also intro-
duced a third index, the citation rate 7, which can be easily
estimated from the database. Closely related to ris another
measure 7 which is calculated combining different years.

We have primarily studied the correlation between differ-
ent measures in the same year, correlation between the
same measures in two different years and probability dis-
tribution functions for different years. In this paper, we
reported the explicit functional forms by which any pair
of the three — I, 7 and r are related to each other. Also
cotrelation between 7 and 7' has been studied. The most
surprising result is perhaps the fairly strong dependence
of I on 7. This dependence is not accidental as the cor-
responding exponent does not show appreciable change
over time. It is to be remembered that I depends on the
citations to recent publications only while 7 considers
citations to all published papers in a journal. One might
expect that old journals will have larger value of # as a
result. Impact factor I on the other hand will not depend
on the age of the journal, in principle. Thus it is quite
surprising to see that [ and #» show a strong functional
dependence. The measure ris also expected to be depen-
dent on the age. However, in contrast to 7 it is a scaled
data as I, albeit in a different way, and it is not surprising
that I depends on rin a stronger manner. However rbeing
quite arbitrarily defined, the correlation between I and ris
not apparent. In fact, the numerator and denominator of
rare completely independent variables unless the number
of publications is same for all years which is not the case.
For I on the other hand, the quantities appearing in the
numerator and denominator are directly correlated. This
work therefore opens up the question whether the impact
factor is the most reliable measure or not. If so, then the
present work indicates that 7 and » might as well qualify as
such measures, which is less than obvious.

The probability distributions of the three measures are
found to show conventional behavior, i.e., either log-nor-
mal type or they occur with power law tails. Like many
other real systems, the exponents for power law variation
lie between 2 and 3 which is sensible so as to have a finite
average value. The scaled distribution of different years
show universal behavior in time, as has been observed
in many other systems in which the dynamics of popu-
larity has been studied.” The preference of lognormals
and power laws are decided from eye estimates of best
fits. However, the reason why annual citations may follow
a lognormal distribution can be justified by the fact that
annual citations are very highly correlated, and one can
imagine an underlying multiplicative process.
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Figure 1: Scatter plot of impact factor (I) versus citation (n). The binned data are also shown, which seems to fit reasonably to
Tocn™. () The exponent £ = 0.50 for 2004 and (b) £ = 0.49 for 2013.
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Figure 2: Scatter plot of impact factor (I) versus citation rate (r). The binned data are also shown, which seems to fit to [ or réwf
with two different exponents. (a) For 2004, £ = 0.60 for lower r value and € , = 1.08 for larger r value. (b) For 2013, € | = 0.55 for
lower r value and € , = 0.89 for larger r value.
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Figure 3: Scatter plot of citation rate (r) versus citation (n). The binned data are also shown, which fits well to r = exp (c_+ a_(log
n)*?). (a) For 2004, the exponents are a_~4.32,b_~0.39 and ¢, ~—6.59. (b) For 2013, the exponents are a_~6.29,b_~0.33,and c_
~—8.93. Details of fitting parameters for different years are shown in Table 3.
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