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Abstract
The journal indexes currently used to rank journals adopt a short citation window, which 
has long been criticized. In particular, journals with a prolonged impact are underestimated 
by this method. By combining the features of synchronic and diachronic journal impact fac-
tors, Fang (Scientometrics 125:2265–2282, 2020) proposed the integral synchronic journal 
impact factor (IIF). The citation window of the IIF can be enlarged without reducing the 
index value. Therefore, the IIF can effectively and fairly reflect the impact of journals with 
different citation patterns on the scientific community. To overcome the defect that the IIF 
might be unstable if a journal publishes few papers in individual years, this work modi-
fies the IIF by borrowing the idea of the new CiteScore: using the citation counts of the 
adjacent previous years to assist in evaluating the impact level of the journal in the focal 
year. The modified index can be regarded as a combination of the JIFs and CiteScore. The 
experimental results show that the modified journal index is more stable over time than the 
IIF while retaining the associated advantages.

Keywords  Journal index · Citation · Publication-citation interval · Citation window · 
Stability

Introduction

The current popular journal indicators are based on the citation count of papers. Citation-
based journal indicators reflect the impact of a journal on the academic community or a 
journal’s reputation.

Garfield (1972) proposed the journal impact factor (JIF), a citation-based index. Ini-
tially, the JIF adopts a 2-year citation window, known as JIF2. Journals indexed in the Jour-
nal Citation Report (JCR) provided by the Web of Science (WoS, Clarivate Analytics) are 
ranked in each subject category according to JIF2 each year. As a ranking variable for jour-
nals, JIF2 is widely used because of its simplicity (Cai et al., 2019). JCR also issues a JIF 
with a 5-year citation window, JIF5. JIF2 and JIF5 can be regarded as the extent to which 
the papers published by a journal in a 2- or 5-year publication window impact the scientific 
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community on average in the year following the publication window. This kind of JIF is 
denoted as synchronic JIF.

Diachronic JIFs have also been proposed and investigated (Frandsen & Rousseau, 2005; 
Ingwersen, 2012; Ingwersen et  al., 2001). A diachronic JIF averages citations among 
papers published by the journal in one year. Diachronic JIFs can be regarded as measuring 
the extent to which the papers published by a journal in one year impact the scientific com-
munity on average in a series of successive years. A series of diachronic JIFs is needed to 
reflect the impact of a journal over different publication years on the scientific community.

Scopus launched CiteScore as a journal indicator (Colledge et al., 2017; James et al., 
2019; Teixeira da Silva, 2020). The scheme of the first version of CiteScore that averages 
citations to related papers is similar to that of JIFs. Unlike JIFs, the old CiteScore adopts a 
3-year citation window. In 2020, Scopus issued a new version of CiteScore. The new Cit-
eScore of a journal for a certain year (Y) equals the average number of citations obtained 
during the period from Y‒3 to Y by the eligible documents published by the journal in that 
period. The new CiteScore can be regarded as the extent to which the papers published 
by a journal in a 4-year period influence the scientific community on average in the same 
period.

JIF2 has long been criticized (for example, Glänzel & Schoepflin, 1995; van Leeuwen 
et  al., 1999; Glänzel et  al., 2003; Vanclay, 2009; DORA, 2012). In addition to applica-
tion abuse (Amin & Mabe, 2000; Zupanc, 2014), data error (Vanclay, 2012), opaque data 
(Rossner et al., 2007), limited coverage of the document database (Seglen, 1997), etc., it 
has calculation-related shortcomings. First, the current actual JIF2 and JIF5 suffer from the 
problem of inconsistent citation. Specifically, the numerator of them includes citations to 
documents such as “News Items” or “Letters” that are not represented in the denominator, 
which counts only citable items (i.e., “Articles” and “Review Articles”) (Seglen, 1997). 
Second, JIFs do not consider the skewed nature of citation distributions (Seglen, 1992), 
which can be rectified by geometric averaging (Thelwall & Fairclough, 2015). Third, the 
variation in JIF2 tends to be larger for smaller journals, and JIF2 has more variability than 
JIF5 (Amin & Mabe, 2000) because more samples of papers are included for the aver-
age calculation in JIF5. Fourth, JIF2, which is currently used in practice to rank journals, 
adopts a short citation window. Liu and Fang (2020) and Fang (2020) provide some exam-
ples of journals that have a prolonged impact that is underestimated by indexes with short 
citation windows. One potential reason of JIF adopting a short citation window is that JIF 
counts the citations received during only 1 year. Because the curve of yearly citations for 
all the papers published by a journal in a certain year generally decreases after its peak, two 
or three years after publication for many journals (Amin & Mabe, 2000; Rousseau, 2002), 
simply extending the citation window might reduce the JIF substantially for many journals, 
especially when using a long citation window (Fang, 2021). The above-mentioned flaws 
allow the JIF to be manipulated (Seglen, 1997).

As a comparison, CiteScore does not have the problem of inconsistent citation, and Sco-
pus has a broader coverage of document than WoS. Besides, the value of the new CiteS-
core is higher than that of the previous CiteScore (Trapp, 2020) because more citations are 
included. Thus, the former has the potential to extend the citation window without reduc-
ing its value. However, the new CiteScore has a bias in favor of journals that have a high 
proportion of early citations within 4 years after publication (Fang, 2021). Therefore, the 
impacts of journals that have yearly citations that increase for a long time after publication 
are underestimated to a greater extent by the new CiteScore.

To effectively and fairly reflect the impact of individual journals with different cita-
tion patterns on the scientific community, Fang (2020) proposed an integral synchronic 
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JIF (IIF) that incorporates the features of synchronic and diachronic JIFs. Similar to 
synchronic JIFs, the IIF is calculated with the citations received in the focal year. Simi-
lar to the diachronic JIF, the IIF averages citations among papers published by a journal 
in the same year. The length of the citation window of the IIF can be set flexibly. In 
particular, the IIF can adopt a long citation window; thus, it can comprehensively reflect 
the citation history of the journal, whether its citation peak emerges quickly or long 
after publication. However, this method has a defect: it may be unstable if a journal pub-
lishes few papers in individual years.

Inspired by the new CiteScore, this work proposes a modification to the IIF. The 
research question is, how can the stability of the IIF be improved?

Journal indexes can also be modified from other perspectives, such as self-citation 
exclusion (de Lusignan & Moen, 2016), normalization mechanisms to correct for dis-
crepancies in the citation density among different fields (Batista et al., 2006; Bornmann 
& Marx, 2015; Radicchi et  al., 2008; Tijssen et  al., 2002; van Leeuwen et  al., 2003; 
Waltman et  al., 2011), weighting citations according to the importance of the citing 
source (Alguliyev & Aliguliyev, 2017; Ferrer-Sapena et al., 2015), and geometric aver-
aging mechanisms (Thelwall & Fairclough, 2015). The IIF can be combined with these 
characteristics (Fang, 2020). This applies to the modified method proposed here as well, 
and we do not repeat it in this work.

The next section provides the mathematical expressions of major existing journal 
indexes that consider only averaging citations of individual papers, proposes a modi-
fication to the IIF based on the analysis of the new CiteScore, and discusses the issues 
of the modified method. Section three performs experiments to verify the effect of the 
modified method. The last section discusses and summarizes this work.

Methodology

Mathematical expressions of citation‑based journal indexes

Papers published by a journal (J) in a certain year (Yp) constitute a set of papers, J(Yp). 
For example, Scientometrics(2020) refers to the set of papers published by Scientomet-
rics in 2020. cJ(Yc, Yp) denotes the number of citations that J(Yp) received in year Yc.

The JIF with an n-year citation window of J in year Y can be written as:

where pJ(Yp) is the number of papers published by J in Yp.
The n-year (shifted) diachronic JIF of J(Yp) is (Frandsen & Rousseau, 2005):

where s = 0, 1, 2… denotes a possible shift with respect to Yp.
The new CiteScore of journal J in year Y can be written as:

(1)JIFn,J(Y) =

∑n

k=1
cJ(Y , Y − k)

∑n

k=1
pJ(Y − k)

(2)IMPn,J(Yp) =

∑s+n−1

i=s
cJ(Yp + i,Yp)

pJ(Yp)
,
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The IIF (Fang, 2020) combines the features of synchronic and diachronic JIFs as:

The scheme of all the above indexes is to average the citations of related papers. To 
describe their differences, we here denote the cited window as the successive period in 
which papers whose citations are counted in the journal index were published. The cit-
ing window is denoted as the successive period in which the citations that were counted 
in the journal index occurred. The citing window of JIFn,J(Y) is Y, and its cited window 
is from Y‒n to Y‒1. The citing window of IMPn,J(Yp) is the n successive years beginning 
with Yp + s, and its cited window is Yp. The citing and cited windows of CiteScoreJ(Y) both 
range from Y‒3 to Y. In IIFJ(Y) , the citing window of every summation term is Y, and the 
cited window of every summation term is a unique year between Y‒n and Y.

A potential modification to the new Scopus

Here, we define the publication-citation interval as the interval in years between publica-
tion and citation. An irrationality of JIF2, JIF5 and CiteScore is to average citations among 
papers with different publication-citation intervals, which causes different expected aver-
age citations of papers. The IIF and diachronic JIF do not have this defect. Each summation 
term of the IIF and diachronic JIF corresponds to a unique publication-citation interval.

The following modification can overcome this problem for CiteScore:

In Eq.  5, the four summation terms each correspond to a unique publication-citation 
interval. The bias in CiteScore (Fang, 2021) is also addressed because the four terms have 
the same weight.

A modification to the IIF

In Eq.  5, the first item estimates the average number of citations of a journal’s papers 
received in the publication year with a 4-year cited window, and the remaining 3 items esti-
mate the average number of citations of a journal’s papers received in the i-th ( i = 1, 2, 3 ) 
year following publication with a 4‒i-year cited window.

We can further modify Eq. 5 so that the four items have the same length of the cited 
window, as follows:

(3)CiteScoreJ(Y) =

∑3

i=0

∑3

j=i
cJ(Y − i,Y − j)

∑3

k=0
pJ(Y − k)

(4)IIFJ(Y) =
∑n

i=0

cJ(Y , Y − i)

pJ(Y − i)

(5)

CiteScore1J(Y) =
�3

i=0

∑3−i

k=0
cJ(Y − k,Y − k − i)

∑3−i

k=0
pJ(Y − k − i)

=

∑3

k=0
cJ(Y − k, Y − k)

∑3

k=0
pJ(Y − k)

+

∑2

k=0
cJ(Y − k, Y − k − 1)

∑2

k=0
pJ(Y − k − 1)

+

∑1

k=0
cJ(Y − k, Y − k − 2)

∑1

k=0
pJ(Y − k − 2)

+
cJ(Y , Y − 3)

pJ(Y − 3)
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This inspires us to modify the IIF to overcome its defect with the idea of using the cita-
tion counts that occurred in the adjacent previous years to assist in evaluating the impact 
level of the journal in the focal year. We denote the new index as JIc for journal J in year Y, 
defined as:

Equation 7 has n + 1 summation terms, and each estimates the average number of citations 
received by the journal’s papers with a unique publication-citation interval. Each publica-
tion-citation interval (i) uses the same length of the cited window (from Y‒L‒i to Y‒i), 
and the citations are received by the journal in L + 1 successive year(s) (from Y‒L to Y) 
correspondingly. If L = 0, JIcJ(Yp) becomes IIFJ(Yp), as in Eq. 4.

Figure 1 shows the citing relationship in the above journal indexes. In Fig. 1(a), the cita-
tions used in calculating JIF2 are generated in Y (citing window) for the papers published 
in the preceding 2  years (Y‒2 and Y‒1, as in the cited window). In Fig.  1(b), the cita-
tions used in calculating the n-year (shifted) diachronic JIF occurred in the years between 
Yp + s and Yp + s + n‒1 (citing window) for the papers published in Yp (cited window). In 
Fig. 1(c), the citations used in calculating the new CiteScore occurred in the years between 
Y‒3 and Y (citing window) for the papers published in the same period (cited window). In 
Fig. 1(d), in each summation term of the IIF, the citations occurred in Y (citing window) 
for the papers published in a unique previous year (cited window). In Fig. 1(e), each sum-
mation term of JIc uses the citations that occurred in the L + 1 successive years (ending at 
the focal year) and corresponds to a unique publication-citation interval. The citing win-
dow of each summation term consists of L + 1 sub-citing-window, as does the cited win-
dow. Each sub-citing-window or sub-cited-window represents a calendar year. They form 
L + 1 pairs of a sub-citing-window and a sub-cited-window. The time interval between the 
sub-citing-window and sub-cited-window in each pair is the same in each summation term. 
The time interval between the sub-citing-window and sub-cited-window in each pair is 0 
for the first summation term (top of Fig. 1(e)), 1 year for the second term, …, and n years 
for the last term (bottom of Fig. 1(e)).

Overcoming the defect of the IIF

Although the IIF can fairly reflect the impact level of individual journals with different 
citation patterns because it can use a long citation window without decreasing its value, 
it may be unstable if a journal publishes few papers in individual years (Fang, 2020). To 
address this problem, Fang (2020) suggests combining adjacent publication years into a 
segment if the journal published fewer papers in these years. However, in such a segment, 
paper-citation pairs may have different publication-citation intervals. This also results in 
the absence of the relevant summation term in the calculation formula of the IIF. In con-
trast, in JIc, papers and the corresponding citations have the same publication-citation 
interval in each summation term, and no required summation term is missed. A require-
ment of setting the length of the cited window of JIc is that the number of papers in every 

(6)CiteScore2J(Y) =
�3

i=0

∑3

k=0
cJ(Y − k,Y − k − i)

∑3

k=0
pJ(Y − k − i)

(7)JIcJ(Y) =
�n

i=0

∑L

k=0
cJ(Y − k,Y − k − i)

∑L

k=0
pJ(Y − k − i)
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cited window should reach a threshold (such as 20) to ensure the stability of the index. This 
threshold is denoted as the JIc paper number threshold (JIc-PNT) here.

Setting JIc parameters

Setting the number of publication-citation intervals and the length of the cited window of 
JIc are subject to several restrictions. Suppose Yini is the first year in which the database 
records citations of journal J; then, n + L ≤ Y − Yini for JIcJ(Y) in Eq. 7.

As discussed above, the main difference between JIc and the IIF is that JIc has a longer 
cited window to avoid the instability of the index induced by a small number of papers 
published by some journals in individual years. However, if the cited window length (L + 1) 
is fixed, it may be short for journals that publish few papers per year and may be long for 
journals that publish many papers annually. In addition, many journals publish different 
numbers of papers in different years. To ensure that JIc is appropriate for different types of 
journals, JIc can have an adjustable cited window:

In Eq. 8, for each i, Li + 1 is the length of the shortest cited window (ending at Y − i) in 
which the number of papers published by J reaches JIc-PNT. Therefore, for different pub-
lication-citation intervals, the cited window length may be different. If a journal publishes 
many papers every year, enough to ensure the stability of the IIF, then there is no necessity 
to enlarge the cited window, and Li = 0 for each publication-citation interval.

The number of summation terms in Eq. 8 satisfies n ≤ Y − Yini − Ln. n can be set to a large 
value to make use of all the citation histories of a journal in the database, such as the WoS 
and Scopus. This method may incur the criticism that it would be beneficial to journals 
with long histories. Fang (2020) argues that this method is reasonable if journal indicators 
are regarded as a measure of journal reputation (Jacso, 2009) because the long history of a 
journal itself is prestigious.

Fang (2020) also provides solutions to the number of publication-citation intervals of 
the IIF if a journal indicator must have the same measurement conditions for all journals. 
These methods apply to JIc. For example, we can adopt a moderate upper limit of the pub-
lication-citation interval, such as 15. Up to this period, some delayed recognition papers 
with short dormancy periods will have been well recognized (Glänzel et al., 2003).

Experiment and results

To show the effect of the modification of the IIF (as JIc), we present some examples. The 
citation data of journal papers were collected from the “Citation Report” of the WoS Core 
Collection. To calculate the indexes of a journal, only citations of papers with a document 

(8)JIcJ(Y) =
�n

i=0

∑Li
k=0

cJ(Y − k,Y − k − i)

∑Li
k=0

pJ(Y − k − i)
.

Fig. 1   Citation averaging scheme for JIF2 (a), the n-year (shifted) diachronic JIF (b), the new CiteScore (c), 
the integral synchronic JIF (d) and JIc proposed in this work (e). The dashed lines from the citing window 
to the cited window delimit a publication-citation period pair: the period in which citations occur and the 
period in which the papers that received the citations were published. Parameters are described in the main 
text

▸
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(a)

(b)

(c)

(e)

(d)



1126	 Scientometrics (2023) 128:1119–1132

1 3

type of “Articles” and “Review Articles” were counted. The data were collected on July 19, 
2021. The papers and citations after 2020 are ignored. When calculating the IIF and JIc, n 
in Eqs. 4 and 8 is empirically set as 15. JIc-PNT for calculating JIc is empirically set as 20.

Figure 2 shows that the number of papers published by Malacologia in each year varies 
considerably. This number was zero in 1987, 1994 and 1997 and was only one in 2005.

Before 2005, the IIF is lower than JIc. One reason is that there are no papers in 1987, 
1994 or 1997 indexed in the WoS; therefore, the summation terms in the IIF that use cita-
tions of papers published in these years are zero. However, the corresponding summa-
tion terms in JIc are not zero. For example, in calculating IIFmalacologia(1993), the sum-
mation term corresponding to a publication-citation interval of 6 is 0 because no papers 
were published in 1987. In calculating JIcmalacologia(1993), citations that occurred in 1992 
for papers published in 1986 were used to estimate the impact level corresponding to a 
publication-citation interval of 6 for this journal. Therefore, the corresponding summation 
term is larger than 0. However, the IIF began to be larger than JIc in 2005 and then rose 
sharply, while JIc rose gradually, as shown in Fig. 2. After 2007, the IIF is more than two 
times higher than JIc. The reason is that the only paper published by Malacologia in 2005 
happens to be highly cited. For the IIF after 2005, the citation of this paper obtained in the 
focal year is the value of one summation term, which is high. For JIc, this paper’s citations 
obtained in the focal year are averaged together with 30 papers published in 2004, and 
none of these 30 papers is highly cited.

Figure 3 shows the citation trajectory of the only paper published in 2005 by Malaco-
logia and the difference between the IIF and JIc. Between 2005 and 2017, the difference 
between the IIF and JIc is slightly less than the number of citations of the highly cited 
paper published in 2005, which mainly determines the change in the IIF curve between 
2005 and 2020. After 2017, the difference between the IIF and JIc is higher than the num-
ber of citations of the paper published in 2005. The reason is that Malacologia published 
only three papers in 2017, and one of them is highly cited. The number of citations of this 
highly cited paper in 2017 is averaged among only three papers in the IIF, and thus, the 
corresponding summation term in IIF is further increased.

Fig. 2   Number of papers published by Malacologia in each year (●) and the integral synchronic JIF (IIF, 
dashed line) and JIc proposed in this work (solid line) of Malacologia for each year
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Figure 4 shows that the annual number of papers published by the Journal of Classi-
fication remained between 10 and 20 in most years. Before 2016, the difference between 
the IIF and JIc is small. After 2016, the IIF is obviously larger than JIc. The reason is 
that this journal published a highly cited paper in 2014, together with 15 other papers. 
The difference between the IIF and JIc for the Journal of Classification since 2016 is 
much less significant than that for Malacologia since 2006. The main reason is that the 
citation number of the highly cited paper published by the Journal of Classification in 
2014 is averaged together with 15 “normal” papers in calculating the IIF. In contrast, 

Fig. 3   Yearly citations of the paper published by Malacologia in 2005 (♦) and the difference between the 
IIF and JIc of Malacologia since 2005 (■). The IIF and JIc are defined in the main text

Fig. 4   Number of papers published by Journal of Classification in each year (●) and the integral syn-
chronic JIF (IIF, dashed line) and JIc proposed in this work (solid line) of Journal of Classification for each 
year
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the citation number of the highly cited paper published by Malacologia in 2005 is not 
“shared” by other papers in calculating the IIF.

In 1985 and 1996, the Journal of Classification published fewer than 20 papers, 
including two papers cited more highly than the highly cited paper published in 2014. 
These two highly cited papers do not obviously cause an increase in the IIF. The reason 
is that they were highly cited more than 15 years after publication, and in the experi-
ment, we only considered citations with publication-citation intervals of no more than 
15  years. Thus, the impact of these two highly cited papers is not reflected when the 
publication-citation interval is not sufficiently long.

Next, we inspect the effect of the modification of JIc on the IIF using a set of journals 
that satisfy the following conditions:

(1) The journal has at least one paper collected in the WoS every year since the first 
year it was collected by the WoS.
(2) There is at least one year during the period in which the journal was collected by 
the WoS in which the number of papers collected in the WoS is less than 20.
(3) In the first year the journal was collected by the WoS, its number of papers col-
lected in the WoS is at least 20.
(4) The period in which the journal was collected by the WoS covers the years from 
1996 to 2019.

Condition (1) is used to avoid missing summation terms when calculating the IIF. 
Condition (2) is used to avoid having the same value of the IIF and JIc in every year. 
Condition (3) is used to ensure that the journals each have the same length of the IIF 
and JIc. Condition (4) ensures that the IIF curve and JIc curve of the journal each have 
at least 10 points. With these four conditions, we screened 165 journals that had the 
same length but different values of eligible IIF and JIc. Of the 165 journals, if one jour-
nal was not collected by the WoS in 2020, it was first collected before 1996. Therefore, 
the IIF curve and JIc curve of the journal each have at least 10 points.

In this experiment, we compare the stability between the IIF and JIc. If an index is 
less volatile from year to year, it is more stable. We use the gradient to reflect the degree 
of fluctuation of the index curve:

where z represents the IIF or JIc. Using a gradient directly cannot indicate the relative 
change in the index. For example, suppose Δz equals 1; z changes by 10% if z equals 10, 
whereas z changes by only 1% if z equals 100. We use the relative gradient (Bettens & 
Collins, 1999; Le & Raff, 2010) to compare the changes in indexes with different values 
equally:

In Eq.  10, the denominator is not zJ(Y) or zJ(Y‒1) but is the average of zJ(Y) and 
zJ(Y‒1) to prevent the denominator from being zero if zJ(Y) or zJ(Y‒1) is zero. If both 
zJ(Y) and zJ(Y‒1) are zero, the relative gradient is zero because there is no change in 
value from zJ(Y‒1) to zJ(Y).

(9)∇zJ(Y) =
zJ(Y) − zJ(Y − 1)

Y − (Y − 1)
= zJ(Y) − zJ(Y − 1),

(10)∇rzJ(Y) =
zJ(Y) − zJ(Y − 1)

[zJ(Y) + zJ(Y − 1)]∕2
.
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Here, we define the sum of squares of the relative gradient of the index in different years 
as the overall fluctuation level of the index:

where Yfirst and Ylast are the first and last years in which journal J has the index z. The larger 
the value of SRG_z is, the greater the fluctuation in the curve of z and the lower the stabil-
ity of z.

Of the 165 journals screened, 137 journals had lower SRG_JIc than SRG_IIF, as shown 
in Fig. 5. One journal has same SRG_JIc and SRG_IIF. Figure 5(a) shows that the 27 jour-
nals that have higher SRG_JIc than SRG_IIF all have lengths of the IIF and JIc that are 

(11)SRG_zJ =

Ylast
∑

Y=Yfirst+1

(

∇rzJ(Y)
)2
,

(a)

(b)

Length of the index

BC
SR

G

Length of the index

SR
G
_I
IF

‒
SR

G
_J
Ic

Fig. 5   Overall comparison of stability between the IIF and JIc. a Binarization comparison: if 
SRG_IIF > SRG_JIc, then BCSRG = 1; otherwise, BCSRG = 0; b The difference between SRG_IIF and 
SRG_JIc. SRG_IIF and SRG_JIc are defined in the main text
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less than 30. Figure 5(b) shows that the difference between SRG_JIc and SRG_IIF for all 
the journals with higher SRG_JIc is much closer to 0 than that of journals with higher 
SRG_IIF.

The fact that some journals with short lengths of the IIF and JIc have higher SRG_JIc 
than SRG_IIF can be attributed to certain coincidental factors because there are more 
causes associated with the stability of the indexes, such as different distributions of the 
number and quality of papers published in different years. When the length of the index 
increases, the index curve can experience more potential coincidental cases that individu-
ally increase or decrease the fluctuation level of the IIF and JIc. Therefore, the performance 
of the IIF and JIc for journals with a long series of the two indexes, as shown in Fig. 5, ver-
ifies that the modification of JIc with respect to the IIF improves the stability of the index. 
Similarly, the combination of the performance of the IIF and JIc for the 165 screened jour-
nals also shows that JIc has higher stability than the IIF overall.

Discussion and conclusions

This work draws on the idea of the new CiteScore that citation counts from adjacent previ-
ous years can be used in estimating the journal index of the focal year to modify the IIF 
(Fang, 2020). The modified IIF proposed here, named JIc, incorporates the features of the 
JIFs and CiteScore. The key difference of the IIF and JIc from JIFs and CiteScore, which 
are used in practice to rank journals, is that the IIF and JIc average the citations among 
papers with the same publication-citation interval, which was first used in diachronic JIFs 
(Frandsen & Rousseau, 2005; Ingwersen, 2012; Ingwersen et al., 2001).

JIc inherits the advantages of the IIF, which can set the length of the citation window 
flexibly. Citation-based journal indexes with long citation windows can reflect the impact 
level more comprehensively than those with short citation windows. The citation window 
of the IIF and JIc can be enlarged without reducing the index value. JIc with a long cited 
window is fair for journals with a prolonged impact that is underestimated by a journal 
index with a short citation window. In addition, JIc is more stable than the IIF. The reason 
is that if a journal publishes few papers in the years involved in the calculation of JIc, JIc 
can be estimated with the help of the citation counts of the adjacent previous years.

The experiment results confirm that JIc is more stable than the IIF. In the experiment, n 
in Eqs. 4 and 8 is empirically set as 15. The reason for this setup is explained in the end of 
the methodology section. If this parameter is increased, the IIF and JIc reflect more citation 
information of a journal if the journal has a sufficiently enough citation history. The mean-
ing of this parameter is the same for the IIF and JIc, and thus the change in its value does 
not affect the comparison between the IIF and JIc.

The IIF can be regarded as JIc with JIc-PNT being 0. The results show that a larger 
JIc-PNT makes JIc more stable. However, the degree of increase in the stability of JIc 
decreases with increasing JIc-PNT because the average result for singular value of citation 
numbers is inversely proportional to JIc-PNT for journals that publish only a few papers a 
year. Therefore, in the experiment, JIc-PNT is empirically set to a moderate value of 20.

Determining a more reasonable value of JIc-PNT needs further investigations. Because 
the distribution of citation counts for individual papers is highly skewed (Seglen, 1994), 
the percentage of highly cited papers is small (Thelwall & Fairclough, 2015). If a journal 
publishes many papers per year, then the papers it publishes in a year have a high probabil-
ity of covering papers with a wide range of impacts, including highly cited papers. Then, 
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the skewedness of the citation distribution among papers causes little variation in averag-
ing the citations among papers published in one year for such journals. However, for jour-
nals publishing few papers, the skewedness of the citation distribution among papers will 
cause large fluctuations if the index adopts a short citation window because papers pub-
lished by such journals in every year may not cover papers with a wide range of impacts. 
The problem of determining JIc-PNT then becomes that of determining how many papers 
have a high probability of covering papers with a wide range of impacts. This requires 
comprehensively investigating the distribution of citations among papers. This issue awaits 
future work for perfecting citation-based journal indexes.
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