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Abstract

Purpose — The two most used citation impact indicators in the assessment of scientific journals are,
nowadays, the impact factor and the /-index. However, both indicators are not field normalized (vary heavily
depending on the scientific category). Furthermore, the impact factor is not robust to the presence of articles
with a large number of citations, while the /-index depends on the journal size. These limitations are very
important when comparing journals of different sizes and categories. The purpose of this paper is to propose
an alternative citation impact indicator, based on the percentage of highly cited articles in the journal.
Design/methodology/approach — This alternative indicator is empirically compared with the impact
factor and the /-index, considering different time windows and citation percentiles (levels of citation for
considering an article as highly cited compared to others in the same year and category). The authors use four
journal categories (Clarivate Analytics Web of Science) which are quite different according to the publication
profiles and citation levels (Information Science & Library Science, Operations Research & Management
Science, Ophthalmology, and Physics Condensed Matter).

Findings — After analyzing 20 different indicators, depending on the citation percentile and the time window
in which citations are counted, the indicator that seems to best homogenize the categories is the one that
considers a time window of two years and a citation level of 10 percent.

Originality/value — The percentage of highly cited articles in a journal is field normalized (comparable
between scientific categories), independent of the journal size and also robust to the presence of articles with
a high number of citations.

Keywords Citation analysis, H-index, Impact factor, Citation impact indicator, Journal assessment,
Percentage of highly cited articles

Paper type Research paper

Introduction

Scientific communication is currently developed by means of the internet. There are a
growing number of scientific journals that either publish scientific articles in open access or
at least allow access to the article through the subscription mode. Thus, researchers and
people, in general, are in need of tools that help them discriminate the relevance and quality
of content in scientific journals. In this regard, the present study proposes a suitable tool to
achieve this goal, which can be added to other well-known indexes.

To evaluate the quality of a research — in comparison to other research — is one of the
purposes of research assessment. As quality is subjective and difficult to measure, citations
are used as a proxy. Citations play an important role in scholarly communication and are a
significant component in research evaluation. The assumption is that highly cited work has
influenced the work of many other researchers and hence it is more valuable.

| At present two families of citation impact indicators for scientific journals are often used.
The first being the journal impact indices, which consider an average of citations per publication
for a given census and citation time window (Garfield, 1972). This family includes, among

Online Information Review others, the journal impact factors (for two and five years) of database Journal Citation Reports
N R (JCR) owned by Clarivate Analytics (Bensman, 2007; Bergstrom, 2007; Moed ef al, 2012),

© Emersl Pibling Liited the maximum impact factor (Dorta-Gonzalez and Dorta-Gonzalez, 2013c), and the SJR impact

por 0110s0R0120160008  indexes (Gonzalez-Pereira ef al, 2009) of the Scopus database owned by Elsevier.
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ranking journals. However, there are increasing arguments against the fairness of
using the JIF as the sole ranking criteria (Waltman and Van Eck, 2013). The JIF is
defined as the average number of citations to each journal in a current year with respect to
“citable items” published in that journal during the two preceding years (Garfield, 1972).
Nevertheless, it has been criticized due to arbitrary decisions in its construction.
The definition of “citable items” including letters together with the peer reviewed
papers (research articles, proceedings papers, and reviews), the focus on the two preceding
years, the incomparability between fields, etc., have been discussed in the literature
(Bensman, 2007; Moed et al, 2012) and have given many possible modifications and
improvements (Althouse et «l, 2009; Bornmann and Daniel, 2008). In response,
Clarivate Analytics has incorporated the five-year impact factor, the eigenfactor score,
and the article influence score (Bergstrom, 2007) to the JCR journals. All these indicators
consider a five-year citation window and are useful for comparing journals in the same
subject category. However, although in many cases, the five-year impact factor is greater
than the two-year impact factor, both indicators lead statistically to the same ranking
(Leydesdorff, 2009; Rousseau, 2009).

The second of these families of citation impact indicators for scientific journals are the
h indices (Hirsch, 2005), which consider that # maximum integer value for which we can
say that there are 7 publications with / or more citations, all within a given time window.
This indicator estimates the number of important works published by a journal,
increasing the requirement while increasing its value. This is a robust indicator that
considers both quantitative and qualitative aspects. However, although this indicator has
proven useful for detecting the most prestigious journals in an area, there is empirical
evidence which does not discriminate between those at intermediate levels, and penalize
selective journals in relation to the major producers (Costas and Bordons, 2007a,b;
Dorta-Gonzalez and Dorta-Gonzalez, 2011; Egghe, 2013).

Both families of citation impact indicators are useful for comparing journals within the
same field. However, they are not appropriate when comparing different scientific fields.
Different scientific fields have different citation practices and citation-based bibliometric
indicators need to be normalized for such differences in order to allow for journal comparisons.
This problem of field-specific differences in citation impact indicators comes from institutional
research evaluation (Leydesdorff and Bornmann, 2011; Van Raan et al, 2010). For example,
research institutes often have among their missions the objective of integrating
interdisciplinary bodies of knowledge which are generally populated by scholars with
different disciplinary backgrounds (Leydesdorff and Rafols, 2011; Wagner et al, 2011).

There are statistical patterns which are field specific and allow for the normalization of
the JIF. Garfield (1979) proposes the term “citation potential” for systematic differences
among fields of science, based on the average number of references. For example, in the
biomedical fields long reference lists with more than 50 items are common, but in
mathematics short lists with less than 20 references are the standard (Dorta-Gonzalez and
Dorta-Gonzalez, 2013a). These differences are a consequence of the citation cultures and can
produce significant differences in the JIF, since the probability of being cited is affected.
In this sense, the average number of references is the variable that has most frequently been
used in the literature to justify the differences between fields of science, as well as the most
employed in source normalization (Leydesdorff and Bornmann, 2011; Moed, 2010; Zitt and
Small, 2008). However, the variables that to a greater degree explain the variance in
the impact factor do not include the average number of references (Dorta-Gonzalez and
Dorta-Gonzalez, 2013a) and, therefore, it is necessary to consider other sources of variance in
the normalization process, such as the ratio of references to journals included in the JCR, the
field growth, the ratio of JCR references to the target window, and the proportion of cited to
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citing items. Given these large differences in citation practices, the development of
bibliometric indicators that allow for between-field comparisons is clearly a critical issue
(Waltman and Van Eck, 2013).

Traditionally, normalization has also been based on a classification system of journals.
This is the case, for example, with the categories in the Web of Science database (Egghe and
Rousseau, 2002), the relative position with respect to these categories (Bordons and
Barrigon, 1992) and the quartile where each journal belongs when ranked in decreasing
order according to their impact factor. However, the delimitation of the scientific fields and
disciplines is a problem not adequately solved in bibliometrics, as these boundaries are
diffuse and dynamically developed over time (Leydesdorff, 2012, p. 359). Alternatively, the
idea of source normalization has been proposed. In this approach, the normalization is
performed according to the citing journals (Dorta-Gonzalez et al., 2014; Leydesdorff and
Bornmann, 2011).

The two families of citation impact indicators most commonly used in the evaluation of
journals (impact factors and % indices) depend strongly on the scientific field they belong to,
which makes them non-comparable across disciplines. In addition, the z-index also depends
on the size of the journal, while the impact factor is not robust with the presence of a small
number of highly cited articles. Due to these limitations when comparing journals of
different sizes and fields, it is necessary to consider other indicators of impact for journals,
to enable comparisons between fields, which do not depend on the size of the journal and be
at the same time robust as previously mentioned (Waltman and Van Eck, 2013).

An alternative to this issue is the percentage of highly cited articles in the journal,
considering the term article in its strictest sense. Being a percentage, it is a relative value, so
this indicator does not depend on the size of the journal. High citation is determined by
comparing with the other items in the same field and year at international level, so this
indicator does not depend on the field. In addition, it is robust because the inclusion of a new
widely cited article does not significantly affect the value of the indicator.

This paper empirically compares this index with the impact factor and the /-index,
considering different time windows and citation percentiles, ie. levels of citation for
considering an article as highly cited compared to others in the same year and field.

Percentage of highly cited articles in a journal

Highly cited articles are those which have received a number of citations that equals or
exceeds the citations of the paper that occupies the g percentile position for their category
and year of publication. This g-value may vary depending on the purpose intended. In this
work, we have set the following citation percentiles 10, 20, 25, 30, and 40 percent as
benchmarks. Two of them — 10 and 20 percent — coincide with Clarivate Analytics Essential
Science Indicators baselines for percentiles. The other three could be reasonable threshold
for considering an article as highly cited, instead of jumping to the median, which would be
the next percentile baseline considered by Clarivate Analytics.

Having the minimum number of citations necessary to belong to the group of highly
cited articles in a category and year of publication, then how many articles meet this
requirement in each journal of the category can be determined. Putting this information in
relation to the total number of articles published that year by the journal (supplementary
material 1), an impact indicator of the journal’s scientific production is obtained.

Since the total number of citations of an article is a value that grows over time, it is
necessary to set an observation time window. This paper looks at four possible time
windows, covering two to five years.

Let (pArt_g_t), be the impact indicator for the j-journal and the y-year, which measures
the percentage of articles in the ¢ percent of the most cited, considering a time window of
t years. That is, for a given year and journal, pArt_q_t compares the citations of the articles
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category and year of the same database, determining what percentage of them go within ¢
percent of the most cited.

For example, (pAn‘_q_z‘)golfgi identifies the percentage of articles within the first quartile
of the most cited, considering a time window of four years, for the Online Information
Review (OIR) in 2013. This indicator compares the citations of the articles published by OIR
in the period 2010-2013 with the citations of the rest of articles of the category Information
Science & Library Science (IS & LS) within the Web of Science database during the same
period, determining what percentage of them are within 25 percent of the most cited.

As it is a relative value, the indicator does not depend on the size of the journal. Nor does
it depend on the category, as high citation is determined by comparison with other articles
within the same category and year. In addition, it is robust because the inclusion of a new
widely cited article does not significantly affect the indicator value. This is because all those
citations above the ones needed for being highly cited are not considered for the calculation.

This paper empirically examines this indicator and compares it with the two-year and
five-year impact factor, and the three-year and five-year %-index. Different time windows and
benchmarks for a document to be considered highly cited are compared using a total amount of
278 journals and four different categories. The percentage of highly cited articles is determined
for each journal in terms of five percentage benchmarks (10, 20, 25, 30, and 40 percent) and four
time windows (2012-2013, 2011-2013, 2010-2013, and 2009-2013). Thus, 20 indicators
(6 benchmarks x 4 windows) are compared with the two-year and five-year impact factor of
2013, and the three-year and five-year /-index of 2013. The aim of the study is to identify which
of these indicators are field normalized and valid for comparing journals of different categories.

Materials and methods
The Clarivate Analytics Web of Science classifies journals (approximately 12,000) into 251
scientific categories, which are grouped into 151 research areas and 22 scientific fields. For
this research it was decided to work at the level of scientific category and select four categories
which are quite different according to the publication profiles and citation levels. Specifically,
the categories selected were IS & LS, Operations Research & Management Science (OR & MS),
Ophthalmology, and Physics Condensed Matter (Physics CM). Furthermore, it was decided to
work with the total population of journals of these categories, instead of a sample.

The information collected from the Clarivate Analytics databases for each journal was
the following:

« total number of research articles published between 2009 and 2013;

. five-year Z-index (considering the data from 2009 to 2013) and three-year Z-index
(considering the data from 2011 to 2013);

« two-year and five-year impact factor for 2013; and

« number of articles in the journal with enough citations to belong to the group of the
10, 20, 25, 30, or 40 percent most cited in its category and year of publication, for each
of the five years (2009-2013).

With this information we created the database shown in the supplementary material, which
is the basis for our research.

It was decided not to include the year 2014, because at the time in which the database
searches were made, the impact factor of 2014 had not yet been published. All searches were
made between February and March 2015.

First, we evidence graphically the differences in the average number of citations between
scientific categories that hinder direct comparisons among them. Then, we test if the
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Figure 1.
Average citations
per article by year
of publication

proposed index — percentage of highly cited articles — is field normalized, allowing to
compare between journals of different categories, and if it is also valid to measure the impact
of the journal. To check these two characteristics, we perform every analysis comparing the
results with those obtained using the most common indicators (JIF, /-index).

To check field normalization, we start analyzing the descriptive statistics of every index
in each of the four considered categories, and continue performing an analysis of variance
(ANOVA) for every index to test if the means are equal among categories — enabling
comparisons among them — or not.

Finally, to check if the proposed indexes actually measure the impact of the journals,
we compare the ranking of journals generated within each category by these indexes with
those obtained by the JIF or the /-index, calculating Spearman’s rank correlation among them.

Results

Differences between scientific categories

Figure 1 shows, based on the information of the Web of Science database, the average number
of citations per research article, in the period 2009-2013 for each of the four scientific
categories analyzed. This average citation rate is the ratio between the number of citations
since publication until 2013 and the number of articles published in each particular year. For
example, the value 10.53 in Physics CM in 2011 indicates that, on average, the research articles
of 2011 in this category have received a total of 10.53 citations between 2011 and 2013.

As shown in Figure 1, the differences in the average number of citations between
categories are very important. Thus, the average citations received in Physics CM are about
twice those of IS & LS. Ordering the journal categories from the highest to the lowest
average citations, the ranking obtained is the following: Physics CM, Ophthalmology,
OR & MS, and IS & LS.

16
] 15.05
14

12.49

12 1

Average citations per article

3.95

& Information Science & Library Science

~— Operations Research & Management Science 2.56

2 | s« Ophthalmology 1.99
Physics, Condensed Matter 1.46

0

2009 2010 2011 2012 2013

Year of publication

Note: Observe the important differences among journal categories
Source: Clarivate analytics web of science
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reach a certain percentage benchmark in each journal category and year. For example,
in the case of Physics CM, a value of 23 in the tenth percentile for 2011 indicates that
10 percent of the most cited articles in this category have received at least 23 citations
during the period 2011-2013.

As can be seen, there are again major differences between categories. Ordering the
scientific categories from the highest to the lowest, according to the required citations
needed to reach a specific citation percentile, the same sequence as in the above figure is
again obtained: Physics CM, Ophthalmology, OR & MS, and IS & LS.

Field normalization (homogeneity)

A valid indicator should have the following properties related to homogeneity: it should be
homogeneous between scientific categories (between-groups) but heterogeneous within the
same scientific category (within-groups). The between-group homogeneity ensures

Percentile 10 Percentile 20 Percentile 25

™ T

r T ]
2009 2010 2011 2012 2013 2009 2010 2011 2012 2013 2009 2010 2011 2012 2013

Percentile 30 Percentile 40

13 += Information Science & Library Science
=@~ Operation Research & Management Science
== Ophthalmology

Physics, Condensed Matter

2009 2010 2011 2012 2013 2009 2010 2011 2012 2013

Note: Observe again the important differences between journal categories
Source: Clarivate analytics web of science
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Figure 2.

Minimum number of
citations necessary to
ensure that an article
is within 10, 20, 25,
30, and 40 percent of
the most cited in its
journal category and
year of publication
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comparability of the indicator between journals of different categories, while the intra-group
heterogeneity guarantees the discrimination capacity of the indicator.

Table I shows the descriptive statistics of the analyzed variables (JIF, %, and pArt_q_{)
by scientific category. Regarding pArt, and within each of the categories, the dispersion of
all the proposed indicators is quite large compared to its average (Pearsons’ coefficient of
variation varies between 0.538 — for pArt_40_2in OR & MS —and 1.978 — to pArt_10_2 in
Physics CM). This is motivated by the important differences between scientific journals in
relation to the number of citations received by each of them, and highlights the
discrimination capacity of the indicator (intra-group heterogeneity). This relative variability
decreases in all scientific categories, as the citation percentile considered grows. Naturally,
the same applies when considering all the journals together without differentiating between
scientific categories (see Table II). That is, as the citation percentile decreases, the indicator
variability increases, showing that the index is more discriminative.

The average, minimum, and maximum values increase as the citation percentile
increases. But just the opposite occurs with the skewness and the kurtosis, that is, these
descriptive statistics decrease as the citation percentile increases. This phenomenon is
directly related to the definition of the indicator. Note that increasing the citation percentile,
the number of articles that meet this condition in every journal increases progressively,
reaching the total amount of published articles in the 100-citation-percentile. When this
occurs (100 percentile), all indicator values match 1, so that their mean is 1 and their
standard deviation is 0. Therefore, as the citation percentile increases, the indicators’
distribution tends to become more similar to a standard normal distribution, and hence what
we observe about the skewness and kurtosis values.

The minimum values evidence in all categories that, when the citation percentile
considered is up to 25, there are journals with no articles among the most cited in its
scientific category. In the case of IS & LS that is extensible to at least the 40th percentile.

Moreover, the maximum values evidence the concentration of highly cited articles
in some journals. This phenomenon is more common in the Ophthalmology category, where
some journals have 70 percent of their articles among the 10 percent of the most cited in its
category, compared to the 49 percent maximum in the OR & MS category.

Table II shows the descriptive statistics of the analyzed variables for the aggregated
data. The dispersion of each of the indicators analyzed, considering all the journals
together, is made up of the differences between categories (between-groups) as well as the
differences between journals within a category (within-groups). Considering both parts
independently, it is observed that the percentage of the variance explained by the
differences between groups (categories) is practically zero in all indicators, so that almost
100 percent is explained by the differences among journals in the same category.
This shows that all pArt indicators analyzed are homogeneous between groups and
heterogeneous within them, so that direct comparison of the indicator value itself between
categories is ensured.

Table II also shows an ANOVA for each of the 20 indicators of the pArt family, in order
to test the null hypothesis that the mean of all categories are equal, vs the alternative that
some of them are different (#-test for independent samples). In all cases, except of pArt_25_2,
there is no statistical evidence to reject the null hypothesis at any level of significance, so
that we can speak of homogeneity among groups of indicators. In the case of indicator
pArt_25_2 the category with statistically significant mean difference, compared to other
categories, is IS & LS. Since the tests are carried out for the 278 journals together with no
missing values in any group, the degrees of freedom are kept constant, so — on the basis that
all indicators (except pArt_25_2) are equally homogeneous — the best indicator is the one
with the highest probability associated with the F statistic, or in other words, the one with
the smallest value of F. In this sense, the best indicator is the pArt_10_2. It really is the most
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Variable Obs Mean SD Ccv Min. Max. Asymmetry Kurtosis .
the impact of
Information Science & Library Science journals
JIF5 7 1397 142 1032 0019 8157 1988 8.368
JIF2 82 1030 0988 0959  0.034 5405 1913 7518
h5 82 10634 8097 0761 1 39 1486 5.256
h3 82 6695 4941 0738 1 27 1596 6.135
pA 105 8 0072 0104 1460 0 0556 2201 8700 405
PAY104 82 0071 0103 1452 0 0539 2175 8471
PAM 103 82 0071 0104 1460 0 0497 2,045 7257
PAMI0 2 82 0072 0101 1413 0 0470 2,008 7.202
PAY 205 82 0147 0169 1144 0 0.710 1222 3.803
PAM 204 82 0147 0168 1144 0 0.703 1203 3749
PA 203 82 0150 0169 1124 0 0675 1146 3476
PAM 202 82 0156 0170 1088 0 0.679 1109 3472
PArt 25 5 8 0221 0206 0933 0 0.814 0.835 2762
PAr 25 4 82 0225 0207 0920 0 0.819 0.855 2716
DAV 253 82 0237 0210 084 0 0.801 0.769 2517
pAN 25 2 82 0275 0221 0806 0 0.813 0559 2.147
PAM 305 82 0241 0217 0898 0 0.824 0.768 2476
PA 304 82 0244 0217 0891 0 0.832 0.759 2463
PAM 303 82 0249 0215 0864 0 0.812 0.712 2400
PA 30 2 82 0275 0221 0804 0 0813 0,560 2150
PAY 405 82 0317 0250 0789 0 0.882 0487 1971
pAY 404 82 0320 0250 0781 0 0.888 0.454 1919
PAY 403 82 0321 0248 0772 0 0.874 0443 1931
pAM 402 82 0324 0246 0759 0 0.873 0408 1887
Operations Research & Management Science
JIF5 73 1590 1119 0704 0337 7718 2645 13.879
JIF2 78 1215 079 065 0220 4478 1630 6.584
h5 78 15500 9511 0614 4 52 1578 5.793
h3 78 9808 5961 0608 2 3% 1513 5.819
pAY 105 78 0060 0080 1324 0 0495 3031 15.041
pAY_104 78 0060 0079 1307 0 0.469 2.957 14.133
PAr 10.3 78 0061 0079 128 0 0420 2647 11741
pAY_102 T8 0066 0085 1285 0 0457 2417 9.965
PAFt 205 T8 0135 0126 0936 0 0.702 1815 7693
PAt 204 T8 0136 0125 0917 0 0.663 1736 7125
pAY 203 T8 0135 0121  08% 0 0596 1585 6.230
pArt 202 T8 0134 0118 0878 0 0585 1451 5532
PArt 25 5 T8 0174 0145 0831 0 0.726 1323 5.001
pAY 254 T8 0177 0144 0817 0 0.691 1.265 4784
pArt 253 T8 0179 0143 0798 0 0.670 1167 4367
pAM 25 2 T8 0183 0141 0770 0 0.676 1027 3974
pAY 305 T8 0210 0160 0763 0012 0.764 1056 3963
PAt 304 T8 0211 0159 0750 0 0.737 1032 3858
pAY 303 T8 0216 0156 0725 0 0.701 0.89 3401
pAY 302 T8 0217 0153 0703 0 0.702 0.814 3252
PArt 405 T8 0318 019 0597 0024 0.851 0515 2569
pArt 404 78 0323 0189 0587 0013 0.834 0472 2538
PAFt 40.3 78 0328 018 0568 0019 0.787 0375 2421
PArt 402 T8 0350 0189 0538 0 0.793 0.188 2363 Tab
able 1.
Ophthalmology Descriptive statistics
JIF5 55 2154 1705 0792 0192 11207 3038 15957 of variables (JIF,
JIF2 57 2067 1550 0750 0163 9897 2661 13171 JIF2 15, 13, pAri g L,

q =10, 20, 25, 30, 40;
t=>5, 4, 3, 2) in journal

(continued) categories
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413 Variable Obs Mean SD Ccv Min. Max. Asymmetry Kurtosis
h5 58 21.310 12.895 0.605 4 61 1.062 3.606
h3 58 14.121 8.323 0.589 3 45 1.555 6.031
pArt 105 58 0.075 0.102 1.358 0 0.701 4170 25.564
DpArt 10 4 58 0.075 0.102 1.360 0 0.701 4211 25.941
pArt_10_3 58 0.076 0.104 1.366 0 0.713 4197 25.875

406 pArt 10 2 58 0.081 0.103 1.279 0 0.707 3979 24.185
pArt_20_5 58 0.154 0.138 0.894 0 0.841 2.316 11.789
DpArt_20_4 58 0.156 0.138 0.886 0 0.843 2.295 11.707
pArt 20_3 58 0.160 0.139 0.871 0 0.851 2.259 11.585
pArt_20_2 58 0.165 0.139 0.846 0 0.853 2.238 11.446
pArt 25 5 58 0.180 0.149 0.826 0 0.879 1.943 9.613
DpArt 25 4 58 0.179 0.148 0.825 0 0.881 2.002 9.979
pArt_25_3 58 0.179 0.147 0.818 0 0.881 2.021 10.171
pArt 25 2 58 0.181 0.144 0.796 0 0.867 1.995 9.985
DpArt_30_5 58 0.242 0.162 0.668 0.008 0.904 1.265 6.281
pArt_30_4 58 0.246 0.163 0.662 0.010 0910 1.237 6.186
pArt_30_3 58 0.250 0.162 0.647 0.012 0911 1.215 6.126
pArt_30_2 58 0.257 0.160 0.623 0.012 0.907 1.188 5.989
DpArt_40_5 58 0.299 0.176 0.587 0.008 0924 0.767 4381
DpArt 40 4 58 0.300 0.174 0.582 0.010 0.925 0.783 4.467
pArt_40_3 58 0.300 0.172 0.573 0.012 0921 0.800 4.487
DpArt_40_2 58 0.288 0.165 0.573 0.012 0.907 0.896 4.828
Physics, Condensed Matter
JIF5 59 3.296 6.216 1.886 0.098 41.775 4.492 26.468
JIF2 60 3115 5.485 1.761 0.109 36.425 4.302 24.478
/%) 60 34.667 37.272 1.075 4 175 2425 8411
h3 60 23117 24.587 1.064 2 112 2313 7.696
pArt_10_5 60 0.084 0.162 1.943 0 0.635 2.359 7.162
pArt 10 4 60 0.082 0.160 1.957 0 0.635 2427 7.551
pArt_10_3 60 0.080 0.158 1.965 0 0.635 2461 7.711
pArt_10_2 60 0.078 0.155 1978 0 0.624 2513 7.981
pArt 20 5 60 0.160 0.217 1.355 0 0.821 1.997 5.847
DpArt_20_4 60 0.159 0.214 1.345 0 0.821 2.004 5.943
pArt 20_3 60 0.159 0.212 1.334 0 0.821 2.042 6.132
pArt_20_2 60 0.160 0.209 1.309 0 0.825 2.047 6.199
DpArt_25_5 60 0.195 0.229 1174 0 0.866 1.799 5.270
DpArt 25 4 60 0.193 0.227 1.176 0 0.866 1.798 5.315
pArt_25_3 60 0.192 0.224 1.169 0 0.866 1.830 5.481
pArt_25_2 60 0.195 0.222 1.140 0 0.863 1.816 5.467
DArt_30_5 60 0.247 0.241 0.976 0.001 0913 1.508 4.486
DpArt_30_4 60 0.251 0.242 0.964 0.002 0913 1.454 4.353
DpArt_30_3 60 0.255 0.240 0.940 0.002 0913 1432 4345
DpArt_30_2 60 0.268 0.239 0.891 0 0912 1.353 4.168
DpArt_40_5 60 0.337 0.251 0.743 0.007 0.948 0.939 3.327
DpArt 40 4 60 0.341 0.251 0.736 0.007 0.948 0.887 3.219
DpArt 40 3 60 0.349 0.248 0.711 0.010 0.948 0.834 3.188
DpArt 40 2 60 0.355 0.245 0.690 0.014 0.943 0.840 3.219

Table 1. Source: Supplementary material

restrictive of all proposed indicators (percentage of articles within the tenth percentile of
citation in a citation window of two years).

Furthermore, performing the same hypothesis testing for JIF and 7, it follows that they
are not field normalized (Table II). The tests for JIF5 and JIF2 indicate that there are
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% of variance

explained by
Variable Obs Mean SD CV groups F  Prob. Min. Max. Asymmetry Kurtosis
JIF5 260 2042 3274 1.603 0.051 449 0004 0.019 41.775 7.902 87.549
JIF2 277 1747 2836 1.623 0.094 8.14 0.000 0.034 36425 7.889 86.477
h5 278 19414 21277 1.096 0.208 19.09 0.000 1 175 4272 26.861
h3 278 12.662 14.035 1.108 0.226 21.09 0.000 1 112 4.224 25.606
pArt_10_5 278 0.072 0113 1577 0.000 051 0678 0 0.701 3.014 13.319
pArt_10_4 278 0.071 0112 1570 0.000 045 0.719 0 0.701 3.047 13.646
pArt_10_3 278 0.071 0112 1564 0.000 0.36 0.779 0 0.713 2987 13.308
pArt_10_2 278 0.073 0111 1512 0.000 024 0.869 0 0.707 2.881 12.717
pArt 205 278 0.148 0163 1.105 0.000 0.30 0.827 0 0.841 1.943 7.265
pArt 204 278 0.148 0162 1.094 0.000 029 0.834 0 0.843 1.920 7.228
pArt_20_3 278 0.150 0.161 1.077 0.000 0.35 0.788 0 0.851 1.890 7.130
pArt_20_2 278 0.153 0.161 1.052 0.000 051 0678 0 0.853 1.856 7.036
pArt 25 5 2718 0.194 0185 0.957 0.000 0.99 0399 0 0.879 1.536 5.293
pArt_ 25 4 278 0.195 0.185 0.949 0.002 113 0337 0 0.881 1514 5.222
pArt 25_3 278 0.199 0.185 0.930 0.010 1.71 0165 0 0.881 1.468 5.040
pArt_ 252 278 0212 0190 0.898 0.047 4.37 0.005 0 0.867 1.345 4.485
pArt_30_5 278 0234 0197 0.843 0.000 054 0.654 0 0913 1.235 4.396
pArt_ 304 278 0237 0197 0.834 0.000 0.61 0611 0 0913 1.209 4.328
pArt_30_3 278 0241 0.196 0811 0.000 0.63 0595 0 0913 1.162 4.247
pArt_30_2 278 0253 0.197 0.777 0.005 1.33 0.265 0 0912 1.083 4.007
pArt 405 278 0318 0.220 0.691 0.000 0.30 0.829 0 0.948 0.712 3.002
pArt_40_4 278 0321 0219 0.683 0.000 0.35 0.790 0 0.948 0.679 2942
pArt_ 40_3 278 0.325 0217 0.668 0.000 0.49 0.687 0 0948 0.643 2923
pArt 402 278 0330 0216 0.653 0.003 1.24 0295 0 0943 0.595 2.864

Source: Supplementary material
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Table II.
Descriptive statistics
of variables for
aggregated data, and
analysis of variance
(ANOVA)

differences between Physics CM and IS & LS, as well as between Physics CM and OR & MS.
The tests for 45 and /3 indicate that there are differences between Physics CM and the other
three categories, and between Ophthalmology and IS & LS.

Indicator validity

In the previous section, we have deduced that the pArt family of indicators is
homogeneous among scientific categories, i.e. it has no differences due to the scientific
category of the journal. However, in addition to homogeneity, an indicator must be valid,
that is, having the ability to actually measure the impact of the journal. To approach the
validity of the pArt indicator we have compared the ranking of journals generated within
each category using the aforementioned, with those obtained using the most common
indicators (JIF5, JIF2, hb, and h3).

The indicator with the highest level of homogeneity also proved to be the most
restrictive — pArt_10_2. In order to assess the validity we decided to analyze the
ranking generated through this indicator, and that generated through the least
restrictive indicator — pArt 40_5 — as it also has the same requirements: homogeneity
between-groups (with an associated probability among the highest) and intra-group
heterogeneity (supplementary material 2).

The indicator pArt_10_2 has null values for 54 of the 278 journals. That is, the number
of journals with no articles within the tenth citation percentile, taking a time window of two
years, is 54 (26 in IS & LS, 14 in OR & MS, four in Ophthalmology, and ten in Physics CM).
Therefore, sorting the journals within each category according to the pArt_10_2 value,
the indicator does not discriminate between journals once the relative positions 57, 65, 55,
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Figure 3.
Comparative analysis
of indicator
distributions among
journal categories

and 51 are achieved. However, using a higher percentile and time window, such as
pArt_40_5, the number of journals with nulls is reduced to only two cases, specifically in the
IS & LS category. This means that reducing the percentile citation and the time
window makes the indicator less discriminative and it cannot differentiate between
lower-impact journals.

Figure 3 provides a comparison between the two proposed indicators and the four most
common indicators. The percentage of highly cited articles (pArt) show closer, and therefore
more comparable, distributions among scientific categories.

Table III shows the Spearman’s rank correlation between all analyzed indicators,
all of which are significant at 99 percent. It should be noted that the Spearman’s rank
correlation is less sensitive than Pearson’s to extreme small or large values in the tails of the
distribution, as it limits the analysis of such data to their position in the ranking.

All correlations are quite high and without significant differences between categories.
The pArt_g_t indicator (percentage of highly cited articles) is robust to parameter changes
in ¢ and £. Indeed, correlations between pArt_10_2 and pArt_40_5 are above 0.80 in all
categories. Moreover, in general, the correlation between these indicators and JIF or % are
also high, exceeding 0.79, except for OR & MS. It seems, therefore, that the pArt indicator
provides a similar dimension to that shown by % and JIF, and also that the pA7¢ indicator is
robust with respect to any of its parameters.

Conclusions
The JIF and /-index allow comparisons between journals of the same scientific category, but
are not valid indicators to compare journals of different categories. The proportion of highly

is&Ls| Il— oo IS&LS | — .
OR&MS| Il—me o0 OR&MS| —INIE———
Ophthalmology | Hll—— g Ophthalmology | +———— B
Physics, cM | lHee ® ese Physics, CM | +—lI—— =
T T T T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
pArt_10_2 pArt_40_5
IS&LS| (Hee IS&LS| = »
OR&MS| = OR&MS| =
Ophthalmology | HiH®e e Ophthalmology | Hi-ie e
Physics, CM| HlHe s s . Physics, CM | HH ®e e» .
(‘) 1‘0 2I0 3[0 4[0 (I) 1 I0 2I0 3I0 4IO
JIF2 JIF5
IS&LS | (== 1S&LS| Hi—ee
OR&MS | Hi-»# OR&MS | Hi—» =
Ophthalmology | HIH = Ophthalmology | Hill—iee
Physics, CM | +HllH ® e® eee Physics, cM | Hllll—— o oo o oo
(; 5(I) 10'0 1 5'0 20‘0 (I) 5‘0 1 (I)O 1 éO 2(I)0
h3 h5

Note: Observe that pArt 40 5 produces distributions closer between categories and therefore is

more comparable
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JIF2 JIF5 h3 %) pAPt 102 pArt 40 5
Information Science & Library Science
JIF2 1
JIF5 0.96 1
h3 0.85 0.85 1
h5 0.88 091 0.96 1
pArt_10_2 0.84 0.83 0.88 0.85 1
pArt_40_5 0.88 091 0.90 0.92 0.90 1
Operations Research & Management Science
JIF2 1
JIF5 094 1
h3 0.86 0.85 1
h5 0.83 0.88 0.95 1
pArt_10_2 0.68 0.69 0.64 0.65 1
DpArt_40_5 0.87 094 0.82 0.85 0.80 1
Ophthalmology
JIF2 1
JIF5 0.95 1
h3 0.84 0.81 1
h5 0.83 0.82 097 1
pArt_10_2 0.82 0.79 0.82 0.80 1
DArt 40 5 0.85 0.85 0.86 0.86 0.84 1
Physics, Condensed Matter
JIF2 1
JIF5 097 1
h3 0.83 0.83 1
h5 0.83 0.85 098 1
pArt 10 2 093 091 0.82 0.82 1
DpArt_40_5 097 097 0.81 0.81 0.92 1

Notes: All are significant at 99 percent. Very high correlation between all indicators and therefore very
similar journal rankings within each category
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Table III.
Spearman’s rank
correlation between
variables in journal
categories

cited articles in a journal (pArf) appears to be an alternative citation impact indicator to
achieve this end, since it is a relative measure that lacks the known limitations of other
indicators in the literature, such as the journal size or the sensitivity to the high citation of a
small number of articles. In fact, it makes it possible to identify what proportion of highly
cited articles every journal publishes every year. So that we find journals with 0 percent of
highly cited articles vs journals with more than 90 percent of highly cited articles, which can
be a clear indicator of the impact of a journal.

The dilemma focuses on the limits set to consider an article as part of the group of the most
cited, and the time window to be considered in the citation counts. After analyzing the
behavior of 20 different indicators, depending on the citation percentile considered (10, 20, 25,
30, and 40 percent) and the time window in which the number of citations is counted (two to
five years), the indicator that seems to best homogenize the categories is the one that considers
a time window of two years and a citation level of 10 percent (pArt_I10_2). This indicator is
limited by its inability to discriminate within the set of the least cited journals in which none of
the articles is within the most cited, due to its restrictions. However, as evidenced in the
empirical application, the parameters chosen are not very important, as the results — in terms
of homogeneity between categories — have been quite similar in the 20 scenarios studied.

The main advantage of the proposed index is that, in any case, each of the 20 indicators
of the pArt family is a very simple but powerful indicator, that can be intuitively
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understood, and that enables comparisons between journals of different categories — as
well as between journals of the same category — because of its proofed field normalization
and validity.

Citation percentiles could also be used in impact factor and /-index, avoiding by this way
their limitations related to comparisons among categories. Related to the impact factor,
quartiles are the most commonly used baselines. They enable a comparison of quality in
journals among fields (those inside the same quartile should be considered as having similar
quality), but they do not allow to discriminate between journals of the same quartile,
hindering the possibility of making a ranking of journals. Related to the /-index there is
currently no normalization based on percentiles, and could be an interesting future work.
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