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ABSTRACT: The number of citations has been used for
measuring the significance of a paper. Moreover, we have
the following question: which paper is the most important
if there are some papers with the same number of cita-
tions? Some measures have been introduced to answer
this question: one of them is PageRank. We use the
Science Citation Index Expanded from 1981 to 2015 to
calculate the number of citations and the Google number
in the citation network consisting of 34,666,719 papers
and 591,321,826 citations. We clarify the positive linear
relationship between the number of citations and the
Google number, as well as extract some outliers from
this positive linear relationship. These outliers are con-
sidered to be extremely prestige papers. Furthermore, we
calculate the mean values of the number of citations and
the Google number for all journals, construct a new mea-
sure of journal influence, and extract extremely prestige
journals. This new measure has a positive and medium
correlation with the impact factor, Eigenfactor score, and
SCImago Journal Rank.
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1. Introduction

The number of citations is the most frequently used mea-
sure to quantify the significance of papers. Meanwhile,
we have the following question: which paper is the most
important if there are some papers with the same number
of citations? Some measures have been introduced to
answer this question: one of them is PageRank that was
proposed by Brin and Page (1999).

Bollen et al. (2006) described the Institute for Scientific
Information impact factor (IF), which is defined as the mean
number of citations that a journal receives over two years,
as a metric of popularity, and PageRank as a metric of
prestige. Chen et al. (2007) calculated the number of ci-
tations and the Google number for all papers in the Physi-
cal Review family of journals from 1893 to 2003. They
observed a linear relationship between the number of ci-
tations and the Google number. Additionally, they discov-
ered that some outliers from this linear relationship were
universally familiar to physicists, especially papers in which
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the ranking of PageRank is substantially high and that of
citation is slightly high. Thus, they called these papers
scientific “gems.” This structure was also studied by
Maslov and Redner (2008). Ma et al. (2008) confirmed
this structure in the citation networks of biochemistry and
molecular biology.

These previous studies have investigated the citation net-
works of some selected scientific fields, but no study has
been conducted on the application of the concept of
PageRank to all papers in all fields of science. Thus, one
aim of the present study is to obtain prestige papers
(Souma & Jibu, 2018) in all fields of science. Additionally,
by employing the number of citations and the Google num-
ber of each paper contained in each journal, this study
aims to obtain the mean values of the number of citations
and the Google number for each journal. By utilizing the
relationship between the mean values of the number of
citations and the Google number, we propose a new mea-
sure of journal influence.

The remainder of this paper is organized as follows: In the
next section, we explain the data used in this study and
illustrate some basic stochastic properties, i.e., the yearly
change of the number of published papers, the size distri-
bution of connected components in the citation networks,
and the distribution of the number of citations. Subse-
quently, we show the relationship between the number of
citations and the Google number of each paper and present
some extremely prestige papers. Furthermore, we define
a new measure of journal influence and compare it with
the IF, Eigenfactor score, and SCImago Journal Rank.
The last section is devoted to the summary and discussion.

2. Data and Definition of the Google Number

We use the Science Citation Index Expanded (SCIE) pro-
vided by Clarivate Analytics Co., Ltd. This dataset con-
tains bibliographic information of scientific papers

published from 1900 to the present. However, due to the
limited research grants of the authors, we utilized the
dataset from 1981 to 2015 in this study. This dataset con-
tains 34,666,719 papers and 591,321,826 citations.

Let n(t) denote the number of papers published in the year
t. Figure 1 depicts the change of n(t). This figure shows
that n(t) almost monotonically increased from 1981 to 2013,
whereas it decreased after 2013. However, this behavior
of n(t) is fake. This is because the dataset was developed
at the beginning of 2016 and partially contained papers
published in 2014 and 2015. It took a few years for all the
published papers to be included in the SCIE.

By considering papers as nodes and citations from a cit-
ing paper to a cited paper as directed links, we can con-
sider the dataset of citations as a directed network. We
refer to this network as the citation network. The citation
network comprises numerous connected components. We
denote the number of nodes contained in connected com-
ponents by c and the frequency of c by F(c), which is
depicted in Figure 2. This figure illustrates the giant weakly
connected component (GWCC). The GWCC comprises
34,428,322 nodes, which are 99.3% of the total number
of papers contained in the dataset, and 591,177,607 di-
rected links, which are 99.98% of the total number of ci-
tations contained in the dataset. We focus on the GWCC
below.

The number of citations of paper i, ki, corresponds to the
number of in-degrees, ki

k, of node i in the citation net-
work. Figure 3 depicts a double-logarithmic scale plot of
the rank size distribution, R(k). The right-tail part of the
distribution decreases almost monotonically. This implies
that this part follows a power-law distribution: R(k) ∝ k −μ,
where the exponent, μ, denotes the power law exponent
or the Pareto exponent that originated from the name of
an Italian economist, Vilfredo Pareto.

Figure 1. Yearly change of the number of published papers. The abscissa denotes the year, t, whereas the ordinate denotes the
number of papers, n(t), published in the year t (Souma & Jibu, 2018)
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Figure 2. Size distribution of connected components. The abscissa denotes the size of the connected component, c, and the
ordinate denotes the frequency, F(c) (Souma & Jibu, 2018)

Figure 3. Rank-size distribution of the number of citations. The abscissa denotes the number of citations, k, whereas the
ordinate denotes the rank-size distribution, R(k) (Souma & Jibu, 2018)

The dashed line in Figure 3 represents the reference line,
which is the power-law distribution with μ = 2: R(k) ∝ k −2.
The light gray line in Figure 3 denotes the best fit by the
generalized beta distribution of the second kind (GB2) (or
called the beta prime distribution), which is given by

f (k; a, b, μ, v) =
akaμ−1

baμB (μ, v)
1 + k

b( )
− (μ + v)

 (1)

where β (μ, v) denotes the following beta function:

β (μ, v) = ∫ x μ − 1(1−x)v − 1dx.
1

0
 (2)

The light gray line corresponds to Equation (1) with a =
0.7, b = 15.2, μ = 2.0, and v = 3.0.

Brin and Page (1999) were the first to propose the so-
called PageRank for obtaining the appropriate ranking of
a web page in the World Wide Web (WWW). PageRank
of paper i is derived from the Google number, gi, defined
by the following recursion formula (Chen et al., 2007):

gi = (1− d)   Σ
inn j

gj

k j

d
N+  (3)

Here, N = 34,428,322 denotes the total number of papers
contained in the GWCC. The sum is taken over the neigh-
boring nodes j, which are link points to node i. In Equation
(3), d denotes a free parameter that controls the conver-
gence and effectiveness of the recursion calculation. In
the original calculation of PageRank, d = 0.15 was adopted
for the case of the WWW (Brin & Page, 1999). Mean

a
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while, d = 0.5 was adopted for the case of the citation
network (Chen et al., 2007). Following Chen et al. (2007),
we use d = 0.5 in this study.

Correlation between the Number of Citations and
the Google Number
First, we examine the correlation between the number of
citations, ki, and the Google number, gi, of each paper
and present some extremely prestige papers. Next, we
calculate the mean values of the number of citations, Kj,
and the Google number, Gj, for each journal and present
some extremely prestige journals. Furthermore, we de-
fine a new measure of journal influence by utilizing the
ranking of Kj and Gj and compare it with the IF, Eigenfactor
score, and SCImago Journal Rank.

Paper-Level Investigation
The double-logarithmic scale scatter plot of ki and gi is
depicted in Figure 4. In this figure, each black dot repre-
sents each paper. The cyan solid line represents the av-
erage value, 〈g〉, which is calculated for bins with logarith-
mically equal width against k. This figure shows that the
graph of 〈g〉 versus k is smooth and increases linearly,
especially in the range k ≥ 500. Therefore, the number of
citations and the Google number are almost similar mea-
sures for characterizing the significance of papers. This
result demonstrates that prestige (the high Google num-
ber) is proportional to popularity (the high number of cita-
tions) in numerous cases and indicates the existence of
outliers, i.e., extremely prestige papers.

We denote the ranking of the number of citations of paper

Figure 4. Scatter plot of the number of citations, k, and that of the Google number, g, for each paper (black dots). The cyan
solid line represents the average value calculated for bins with logarithmically equal width against k. The scatter plot of the

averaged value of the number of citations, K, and that of the Google number, G, for each journal (red dots)

i by rk,i and that of PageRank (the ranking of the Google
number) of paper i by rg,i. By employing these two rankings,
we define the average ranking as follows:

ri =
1
2

(rk,i + rg,i) (4)

We consider this as the new measure of paper influence.
The green dots with the number depicted in Figure 4 rep-
resent the top 10 papers with a high value of ri. These
papers are located in the upper right part of the distribu-
tion by definition.

The numbers assigned to green dots in Figure 4 corre-
spond to the rankings in Table 1. This table was arranged
in descending order of ri with the name of the first author
and the published year; therefore, we can find them in the
list of references. One of the unique natures of Table 1 is
that the main subjects of the papers are biochemistry
and molecular biology. This characteristic is the same as
what is generally told, i.e., important papers are published
in the fields of biology and chemistry. Another unique na-
ture of Table 1 is that the years of the published papers
are old except for Sheldrick (2008).

Figure 4 shows that there are papers in which rg,i is sub-
stantially high while rk,i is slightly high. We call these
papers extremely prestige papers. These papers are lo-
cated far above the cyan solid line in Figure 4. We intro-
duce the ratio, fi = rk,i / rg,i, to extract extremely prestige
papers. Table 2 presents the top 10 extremely prestige
papers based on the constraint fi >10. Here, we obtain the
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value of this constraint via repeated trial and error method.
Therefore, there is no special scientific reason for this
value. Thus, in our future study, we hope to find a special
scientific reason for the value of the constraint.

In Table 2, PageRank, rg,i, is arranged in ascending order.
In this table, we write the name of the first author and the
published year; therefore, we can find them in the list of
references and also write the main subject of the papers.
These 10 extremely prestige papers are represented by
blue dots with numbers in Figure 4. These numbers cor-
respond to the ranking in Table 2. This table demonstrates
that extremely prestige papers mainly relate to computer
science and engineering. This characteristic is different
from that of Table 1.

Journal Level Investigation
W e define the mean values of the number of citations, Kj,

Ranking ri rk,i rg,i 1st author (year) Main subject

      1 1.5 1 2 Chomczynski (1987) Biochemistry & Molecular Biology

      2 2.5 4 1 Sheldrick (2008) Chemistry

      3 3 2 4 Becke (1993) Chemistry

      4 5 3 7 Lee (1988) Materials Science

      5 7 5 9 Perdew (1996) Physics

      6 9.5 6 13 Thompson (1994) Biochemistry & Molecular Biology

      7 10.5 15 6 Bland (1986) General & Internal Medicine

      8 11 7 15 Altschul (1997) Biochemistry & Molecular Biology

      9 11 8 14 Altschul (1990) Biochemistry & Molecular Biology

     10 11 11 11 Otwinowski (1997) Biochemistry & Molecular Biology

Table 1. Top 10 papers ordered by ri

Ranking rg,i rk,i fi 1st author (year) 1st subject

      1 5 64 12.8 Kennedy (1995) Computer Science

      2 22 240 10.9 Alamouti (1998) Engineering

      3 25 516 20.6 Akyildiz (2002) Computer Science

      4 33 481 14.6 Pawlak (1982) Information Science

      5 36 784 21.8 Akyildiz (2002) Engineering

      6 43 998 23.2 Gruber (1994) Computer Science

      7 48 828 17.3 Gupta (2000) Computer Science

      8 49 1916 39.1 Floyd (1993) Computer Science

      9 53 1247 23.5 Bianchi (2000) Engineering

     10 60 609 10.1 Haykin (2005) Engineering

Table 2. Top 10 extremely prestige papers ordered by rg,i under the constraint fi > 10

and the Google number, Gj, as follows:

Kj =  1nj
Σ
i∈j

nj

ki, Gj =  1nj
Σ
i∈j

nj

gi (5)

where nj denotes the number of papers contained in jour-
nal j. Here, i∈j means that paper i is contained in journal
j. The value of nj depends on the journal. Herein, the jour-
nals considered to be appropriate for investigation are pub-
lished yearly and contain at least one paper. We investi-
gate the data of the SCIE for a period of 35 years (from
1981 to 2015), so we decide to ignore journals with ni<35.
The total number of journals utilized is 15,533. The scat-
ter plots of Kj and Gj are depicted as red dots in Figures 4
and 5, respectively. The red dots are distributed in the
lower-left part, as illustrated in Figure 4. This means t hat
the discrepancy between the journals is less than that
between the papers from the perspectives of Kj and Gj.
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However, as future work, it is also logical to calculate
variances σ2

K,j and σ2
G,j for each journal and compare them

between the journals.

In Figure 5, the black solid line represents the average
value, 〈G〉, which is calculated for bins with logarithmi-
cally equal width against K. This figure depicts that the
graph of 〈G〉 versus K is smooth and increases linearly,
especially in the range K ≥ 50. Thus, similar to the case of
the paper- level investigation, it is expected that the ex-
tremely prestige journals should be distributed far above
the black solid line in Figure 5.

Figure 5. Scatter plot of the mean values of the number of citations, Kj, and the Google number, Gj, (red dots). The black solid
line represents the average value calculated for bins with logarithmically equal width against K. Green dots correspond to the

papers listed in Table 3. Blue dots correspond to the papers listed in Table 5

Ranking Rj RK,j RG,j Journal

      1 1 1 1 Annual Review of Biochemistry

      2 2.5 2 3 Annual Review of Immunology

      3 4 6 2 Microbiological Reviews

      4 4.5 4 5 Reviews of Modern Physics

      5 4.5 3 6 Annual Review of Cell Biology

      6 6.5 9 4 Annual Review of Plant Physiology and Plant Molecular Biology

      7 9 7 11 Physiological Reviews

      8 9 10 8 Annual Review of Ecology and Systematics

      9 9 5 13 Annual Review of Neuroscience

     10 13.5 20 7 Progress in Inorganic Chemistry

We denote the ranking of the number of citations of journal j
as RK,j and PageRank (the ranking of the Google number)
of journal j as RG,j. By employing these two rankings, we
define the following new measure, i.e., the average ranking:

Table 3. Top 10 journals with constraint nj > 30

Rj =
1
2

(RK,j +RG,j) (6)

We consider this new measure of journal influence. Top
10 journals are shown as green dots with numbers in Fig-
ure 5. These numbers correspond to the ranking in Table
3, showing that the main subjects of the journals are mainly
biology and chemistry.
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Ranking Rj RK,j RG,j Journal

      1 27.5 13 42 Cell

      2 76 39 113 Science

      3 79.5 43 116 Nature

      4 84 61 107 New England Journal of Medicine

      5 84 61 107  Journal of Experimental Medicine

     6 127 72 182 Journal of Clinical Investigation

     7 187 176 198 JAMA-Journal of the American Medical Association

     8 188.5 205 172 Annals of Internal Medicine

     9 218.5 112 325 Journal of Cell Biology

    10 222.5 101 344 EMBO Journal

Table 4. Top 10 journals with constraint nj > 10000

Figure 6. Scatter plots of R and (a) RTC, (b) RIF, (c) RES, and (d) RSJR

Moreover, these rankings strongly depend on the lower
bound of nj. Table 4 is obtained by considering journals
with ni >10000. This table shows that most journals belong

to medicine. This strong dependence on the lower bound
of nj suggests, as a future study, that we must precisely
investigate the relationship between nj and journal influence.
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It is also important to investigate the correlation between
R and other rankings of journals. We can obtain the fol-
lowing rankings from the 2015 Journal Citation Report
(JCR, 2015): the total citations, RTC; the journal IF, RIF;
and the Eigenfactor score, RES. We compared our list of
journals and those provided by JCR and obtained the rank-
ing list of 10,106 journals. The ranking of the SCImago
journal, RSJR, is also useful and available from the 2015
SCImago Journal and Country Rank (SJR, 2015). We
compared our list of journals and those provided by SJR
and obtained the ranking list of 9,283 journals. Figure 5
illustrates the ranking correlation between R and (a) RTC,
(b) RIF, (c) RES, and (d) RSJR. This figure shows the positive
correlation between R and other rankings. To confirm this
observation numerically, we respectively calculated
Spearman’s rank correlation coefficient as follows: (a) ρ =
0.7231, (b) ρ = 0.6335, (c) ρ = 0.6354, and (d) ρ = 0.6963. Mean-
while, Spearman’s rank correlation coefficient between RIF
and RTC is ρ = 0.7521, whereas that between RIF and RES
is ρ = 0.7905. Thus, the correlation between our new mea-
sure R and other previously introduced measures is weaker
than that between the previously introduced measures.

Figure 5 demonstrates that there are papers in which RG,j
is substantially high while RK,j is slightly high. Such a
journal is called an extremely prestige journal. These jour-
nals are located far above the black solid line shown in
Figure 5. Similar to the paper-level investigation, we ex-
tract these extremely prestige journals by introducing the
constraint defined by Fj = Rk, j/RG, j. Table 5 presents the
top 10 extremely prestige journals based on constraint
Fj> 3. We obtained this constraint via repeated trial and
error method; therefore, there is no essential scientific
reason for this, which is similar to the paper-level investi-
gation. We arranged the journals in descending order of
RG,j as illustrated in Table 5. These 10 extremely prestige
journals are shown by blue dots with numbers in Figure 5.

Ranking RG,j RK,j Fj                   Journal

      1 9 28 3.1 Advances in Physics

      2 10 52 5.2 Annual Review of Fluid Mechanics

      3 14 326 23.3 Computing Surveys

      4 15 47 3.1 Advances in Organometallic Chemistry

      5 22 108 4.9 Annual Review of Biophysics and Bioengineering

      6 26 159 6.1 Advances in Parasitology

      7 29 469 16.2 ACM Transactions on Computer Systems

      8 30 226 7.5 Advances in Agronomy

      9 33 364 11.0 IEEE Personal Communications

     10 34 312 9.2 Advances in Cryptology - Eurocrypt 2000

These numbers correspond to the rankings shown in Table
5. This table lists various journals of numerous research
fields. Albeit not as much as in the case of extremely
prestige papers, there were numerous journals on infor-
mation science.

4. Summary and Discussion

This study utilized a dataset containing 34,666,719 pa-
pers and 591,321,826 citations to investigate the rela-
tionship between the number of citations of paper i, ki,
and the Google number of paper i, gi. We assigned the
ranking of the number of citations, rk,i, and PageRank, rg,i,
to each paper and define the new measure of paper influ-
ence, ri. We extracted the top 10 papers witha high rank-
ing of ri and obtained that the main subjects of these
papers were biochemistry and molecular biology.

Additionally, we obtained a positive linear relationship
between ki and gi and extracted papers in which rg,i, was
substantially high while rk,i, was slightly high by consid-
ering the constraint rk,i/rg,i >10. We called such a paper an
extremely prestige paper. We extracted the top 10 ex-
tremely prestige papers and obtained that the main sub-
jects of these papers were computer science and engi-
neering. Meanwhile, in the future, we hope to construct
the new index that can extract extremely prestige pa-
pers.

We calculated the mean values of the number of citations
of journal j, Kj, and the Google number of journal j, Gj. We
assigned the ranking of the number of citations of journal
j, RK,j, and that of PageRank of journal j, RG,j, and defined
the new measure of journal influence by Rj. We com-
pared Rj with the IF, Eigenfactor score, and SCImago Jour-
nal Rank and obtained that Spearman’s rank correlation
coefficient is ρ = 0.630.72.

Table 5. Top 10 extremely prestige journals
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We extracted the top 10 journals with a high ranking Ri
and observed that the main subjects of these journals
were biology and chemistry. Meanwhile, this result strongly
depends on the number of papers included in the journal,
nj. Similar to the investigation for papers, we extracted
extremely prestige journals by considering the constraint
RK,j/RG,j > 3 and observed that the main subject of these
extremely prestige journals was computer science. We
remark that the construction of the new index that can
extract extremely prestige journals is left as a future study.

We used 35 years (from 1981 to 2015) of data of the
SCIE to construct the new measure of journal influence.
Therefore, the recent two or three years of data were used
in developing the IF, Eigenfactor score, and SCImago Jour-
nal Rank. Thus, the new measure proposed by this study
did not incorporate the effect of the trend. Hence, incor-
poration of the effect of the trend to the new measure is
also left for future study.

Although we considered extremely prestige papers and
journals, if we regard interdisciplinary as the most impor-
tant factor, we would calculate the betweenness central-
ity and investigate the correlation with the number of cita-
tions. It is also significant to define indices by integrating
the number of citations, the Google number, and the be-
tweenness centrality.
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