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Abstract: The popular Hirsch index is used as a criterion for evaluating the achievements of scientists, departments,
universities, and countries. Unfortunately, this index is often unfair in view of various scientific disciplines, can
easily be manipulated, so its usefulness is undermined by unfair competition. To address these problems, this paper
introduces a set of new popularity indices which evaluate the realistic popularity of a publication or a scientist better
than the Hirsch index, by incorporating the number of different and non-repeating citing authors. These indices can
rise only when citations from new authors appear. The popularity index is based on the scientist’s most cited papers
represented by the biggest number of non-repeating citing authors. Self- and duplicated citations of the same
publication by the same authors are not taken into account. The p-index can also be applied to measure the
productivity, popularity, and impact of a group of scientists as well as a scholarly journal. They can be treated as
post-reviews of publications, because the cited papers or books would need to be positively reviewed by the citing
authors in order to influence the popularity indices. Popularity indices are hard to manipulate or artificially increase,
because the citing authors are considered only once. Thus, the p-index can be used as a fair alternative to the h-
index.
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1. Definition and purpose of h-index

The h-index is based on the distribution of citations that a researcher received for his or her publications. It reflects
both the number of publications and the number of citations per publication. Hirsch wrote: “A scientist has index h if
h of his/her N, papers have at least h citations each, and the other (N, — h) papers have no more than h citations
each [14, 27].” 1t means that a scholar with an index of h has published h papers each of which has been cited in
other papers at least h times. This index is designed to improve upon simpler measures such as the total number of
citations or publications. Hirsch wrote: “I propose the index h ... as a useful index to characterize the scientific
output of a researcher.” [14] The h-index attempts to measure both the productivity and impact of the published
work of a scientist or scholar. The index is calculated using a set of a scientist's most cited papers and the number of
citations that they have received in other publications [27].
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Fig. 1. A graphical example of computing the Hirsch index (h-index).

The h-index provides an alternative to more traditional journal impact factor metrics in the evaluation of the
scientific impact of the work of particular researchers or research centers. The h-index grows as citations
accumulate; the most often cited articles contribute to the h-index. Hirsch has shown that the h-index can be used to
predict whether a scientist has won honors such as the Nobel Prize or National Academy membership [15]. The h-
index can be manually determined using citation databases or using automatic tools and available calculators (e.g. in
Scopus and Web of Knowledge databases). Harzing's Publish or Perish program provides h-indices calculated using
Google Scholar entries.

Hirsch intended the h-index to address the main disadvantages of other bibliometric indicators, such as total number
of papers or total number of citations [14, 15]. He claimed that the total number of papers does not account for the
quality of scientific publications, while the total number of citations can be disproportionately affected by
participation in a single publication of major influence. Low-quality methodological papers proposing new
techniques or methods can generate a larger number of citations than high-quality publications. The h-index is
intended to measure simultaneously the quality and quantity of scientific output [14].

2. Drawbacks of h-index

There is much misleading information about a scientist's output and the drawbacks of using the h-index to evaluate
and compare the achievements of individual scientists, research groups, institutions, or countries [8, 26, 27]:

e The h-index works properly only for comparing scientists working in the same field [14], because the h-
index does not take into account the typical number of citations across other fields — different fields or
journals traditionally use different numbers of citations [1, 16, 20, 22].

e The h-index does not differentiate between books and articles, giving them the same mark, which makes it
difficult to compare scholars in fields that produce more book output such as the humanities.

e The currently used h-index disregards the number of authors of a citing paper, so the popularity of the
paper is not precisely emphasized. In the original paper, Hirsch suggested partitioning citations also among
co-authors [14, 15].

e The h-index discards the information about author affiliation, which sometimes is significant [23, 28].
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e The h-index is bounded by the time and the total number of publications, so discoveries of scientists with a
short career are belittled regardless of their importance.

e The h-index does not consider the context of citations and equally treats criticizing and appreciative
citations of a paper.
e The h-index can be manipulated through self-citations [3, 8, 11].

Scientists and scholars have proposed various ways to modify the h-index in order to emphasize other important
features of publications [2, 5, 6, 17, 18, 24]. Although many variants have proliferated, most of the proposals do not
differ significantly from the original h-index and they remain highly correlated with it. Here is a number of
examples:

e Anindividual h-index normalized by the average number of co-authors in the h-score, where the number of
citations is divided by the number of authors before ordering the papers and obtaining the h-index, as
originally suggested by Hirsch [6]. Unfortunately, the distribution of the h-index further depends on the
field of study.

e The m-index (m-quotient) is defined as the h-index divided by the number of years elapsed since the first
published paper of a scientist in order to compare scientists regardless of time of publishing [4, 13, 14].

e The g-index is the h-index for an average count of citations [10].

e The s-index accounts for the non-entropic distribution of citations [25].

e The c-index considers the quality of citations in terms of the collaboration distance between the citing and
cited authors. A scientist has c-index equal n if n of his or her N citations are from authors which are at
collaboration distance at least n, and the other (N — n) citations are from authors which are at collaboration
distance at most n. The collaboration distance is the distance between two nodes (representing scientists) in
a collaboration graph, in which two distinct participants are joined by an edge whenever there is a
collaborative relationship between them [7].

e The e-index takes into account the square root of surplus citations for the h-set beyond h?, which is
especially useful for highly cited scientists and for comparing those with the same h-index [9, 29].



3. Definition and purpose of popularity indices

This paper introduces popularity indices for evaluating scientific publications and their authors on the basis of the
number of non-repetitive citing authors in view of a given publication list (an example is given in Tab. 1). In
general, popularity is defined as liked, enjoyed, accepted, followed, used, or done by many people, frequently
encountered or widely accepted, cited, related to, or coming from most of the people in a country, society, or group
[21]. The popularity mentioned in this paper is defined by the number of other authors of scientific papers that cite
the papers of a given author. The repetitions of citing the same paper by the same author are not taken into account
because repetitions do not raise the real popularity of this paper. Frequent citation of the same paper by the same
authors raises its impact factor (IF), and influence Hirsch index (h-index), but not the popularity index (p-index).
Only new different authors can significantly increase the popularity indices of an author, publication, journal,
department, university, or country.

3.1.  Publication popularity index (pp-index)

The publication popularity index (pp-index) is defined as the total number of non-repeating authors that have cited a
given publication at least once. All authors are counted exactly once (Tab. 1) and self-citations are omitted. It means
that this publication is known to all of the citing authors. Popular publications of high scientific value are usually
cited by various authors. The pp-indices indicate the real popularity of the publications. Thus, the pp-indices express
the real worth of publications via citations of other citing authors.



Tab. 1. Computing of pp-indices for the example publications and their authors. The citing authors (in bold) are
counted up only once for each publication. Self-citing authors are excluded from this count.

No of No of non-
. . No of all o . .
Title of the cited | Authors of the . citations repeating . .
. citing 5 . Citing Authors Citing papers
paper cited paper without | citing authors
apers
P self-citation| (pp-index)
Cpalka, Krzysztof; Zalasinski, Marcin; New method for the on-line signature verification based on horizontal
Rutkowski, Leszek partitioning
A new method for designing neuro-fuzzy systems for nonlinear
Cpalka, K.; Lapa, K.; Przybyl, A,; et al. . L L
modelling with interpretability aspects
Cpalka, Krzysztof; Zalasinski, Marcin On-line signature verification using vertical signature partitioning
Lapa, Krystian; Zalasinski, Marcin; Cpalka, |A New Method for Designing and Complexity Reduction of Neuro-fuzzy
Krzysztof Systems for Nonlinear Modelling
Nowak, Bartosz A.; Nowicki, Robert K.; A New Method of Improving Classification Accuracy of Decision Tree in
Mleczko, Wojciech K. Case of Incomplete Samples
Lorent, Anna; Knas, Michal; Dobosz, Piotr | Neuronal Model-Based Image Reconstruction from Projections Method
Lapa, Krystian; Przybyl, Andrzej; Cpalka, - .
pa, Arv VoY U A New Approach to Designing Interpretable Models of Dynamic Systems
Krzysztof
Dudek-Dyduch, Ewa; Tadeusiewicz, Neural network adaptation process effectiveness dependent of
Ryszard; Horzyk, Adrian constant training data availability
The influence of training data availability time on effectiveness of ANN
Dudek-Dyduch, Ewa; Horzyk, Adrian . & L4
L adaptation process
Self-optimizing Horzyk, &; 21 10 21 Horzyk, Adri Introduction t tructive and optimizati ts of SONN-3
neural networks | Tadeusiewicz, R orzyk, r!an ntro uc. |c.:r: o constructive and optimization aspe.c. s c:. -
Horzyk, Adrian Self Optimizing Neural Networks SONN-3 for Classification Tasks
Swiercz, W; Cios, KJ; Staley, K; et al. A new synaptic plasticity rule for networks of spiking neurans
Tadeusiewicz, Ryszard; lzworski, Andrzej |Learning in neural network - Unusual effects of "artificial dreams”
Horzyk, A Unsupervised clustering using self-optimizing neural networks
Effectiveness of artificial neural networks adaptation according to time
Horzyk, A; Dudek-Dyduch, E . . .
period of training data acquisition
Horzyk, A Interval Basis Neural Networks
Using artificial neural networks for processing data gained via OpenDAP
Gorny, A; Tkacz, M . N .
and consolidated from different databases on distributed servers
Kotlarz, P; Kotulski, Z On application of neural networks for S-boxes design
A new extension of self-optimizing neural networks for topology
Horzyk, A M
optimization
L Comparison of plasticity of self-optimizing neural networks and natural
Horzyk, A; Tadeusiewicz, R
neural networks
L . Unusual effects of "artificial dreams" encountered during learning in
Tadeusiewicz, R; lzworski, A; Bulka, J; et al.
neural network
. Recognition of monochrome thermal images of synchronous motor
Glowacz, Adam; Glowacz, Andrzej; . — L. .
with the application of quadtree decomposition and backpropagation
Glowacz, Zygfryd
Neural network neural network
adaptatic.m process Dudek-Dyduch, E; Glowacz, W. Diagnosti?s of ind.uct.ion motor based on .spectral analysis of statar
effectiveness Tadeusiewicz, R: 5 4 7 current with application of backpropagation neural network
dependent of " . L Prediction of enzyme activity with neural network models based on
L Horzyk, A Szaleniec, Maciej . .
constant training electronic and geometrical features of substrates
data availability Horzyk, Adrian Information Freedom and Associative Artificial Intelligence
Dabrowski, Artur; Jach, Anna; Kapitaniak, | Application of artificial neural networks in parametrical investigations of|
Tomasz the energy flow and synchronization

3.2.  Author popularity index (ap-index)

The author popularity index (ap-index) is defined as the total number of other authors that have cited any publication
written by a given author at least once. As in the case of the pp-index, each citing author is counted only once. This
index indicates how many other authors are familiar with publications, appreciate the scientific work, and use
research results of a given author. Valuable research results described in publications are usually cited by many
authors, which this index expresses for a cited author. The more popular a cited author in a field and scientific
community, the higher the ap-index. The citations of citing authors also appreciate a given author and reproduce a
quality measure in a similar fashion as a reviewing process. Each cited publication can be treated as positively post-
reviewed by the citing authors.

3.3.  Popularity index (p-index)

The popularity index (p-index) is defined as the number of a given author’s publications, which have a pp-index at
least equal to this number (Fig. 2). This index is comparable to the h-index and is similarly calculated but it is
determined on the basis of all citing authors, not citations of publications. It can be raised only when many authors
are familiar with and cite many publications of a given author. This is a natural process correlated with popularity of
work and publications of a given cited author. The main difference is that other citing authors are taken into account
only once for a given publication. The same citing author can be counted many times across different publications



but only once for a single publication of a given author. This index expresses the popularity of the author’s papers in
a community of other researchers. Thus, the p-index can be used for evaluation of scientific work, author’s
publications, value of scientific achievements, productivity, and author’s popularity. The growth of p-index is
effectively stopped in case of frequent citations of the same publications by the same authors. This eliminates one of
the main drawbacks of the h-index.
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Fig. 2. An example of determining the popularity index (p-index) of an author.

Tab. 2. An example of citations and non-repeating citing authors for 20 publications of an analyzed author.

L. Non-repeating . Non-repeating
Papers Citations| .. Papers |Citations| | Papers| ..
citing authors citing authors

P1 8 12 P6 23 P6 17
P2 15 14 P3 21 P2 14
P3 21 13 P4 19 P3 13
P4 19 7 P2 15 P1 12
P5 3 6 P8 11 P8 8
P6 23 17 P1 8 P4 7
P7 2 1 P20 8 P20 7
P8 11 8 P12 7 P5 6
P9 4 3 P16 5 P11 6
P10 3 2 P9 4 P12 4
P11 4 6 P11 4 P9 3
P12 7 4 P15 4 P13 3
P13 2 3 P17 4 P16 3
P14 1 0 P5 3 P10 2
P15 4 2 P10 3 P15 2
P16 5 3 P19 3 P19 2
P17 4 1 P7 2 P7 1
P18 0 0 P13 2 P17 1
P19 3 2 P14 1 P14 0
P20 8 7 P18 0 P18 0

h-index 7 p-index 7
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Fig. 3. A comparison of citations and non-repeating citing authors for a given set of 20 publications listed in Tab. 2
used to compute the h-index and p-index.

Table 2 shows a sample set of 20 publications of a cited author, their numbers of citations (without self-citations),
and numbers of other different citing authors (without multiple citations of the same publications by the same
authors). The frequently cited publications can sometimes have few citing authors. In comparison to h-index, which
measures the worth of an author’s publications using citation numbers, the p-index measures their worth using
numbers of different citing authors that have appreciated the worth of the publications via citing them. Popularity
index can be treated as a post-review of the cited publications in view of the citing authors — the real value of such
publications.

Figure 3 compares the results obtained for an author for a given set of 20 publications listed in Tab. 2. The citation
graph is used to calculate the h-index; the citing authors’ graph is used to calculate the p-index. In this case the
graphs are very similar. When citations are not artificially raised, the h-index and p-index are very similar.
Otherwise, the p-indices will be more accurate in view of real popularity and value of the cited publications.

3.4.  Journal popularity index (jp-index) and factor (jp-factor)

The journal popularity index (jp-index) is the number of the authors that have at least once cited any of the papers of
a journal. Each author is counted up only once regardless of how many papers of this journal he has cited. This
index expresses the popularity of the journal by the citing authors. Only new different authors can raise the
popularity of a journal.

The journal popularity factor (jp-factor or JPF) is defined as the ratio of the sum of the pp-indices of all papers
published in the given journal to the total number of papers.

3.5.  Other popularity indices and factors

The popularity indices and factors can be similarly used to measure the popularity of groups, centres, departments,
universities, and countries. They are universal and can be treated as post-reviews of the research results introduced
in publications because usually only valuable results are cited and compared. Few publications cite worthless results
and if they do that, they are usually not further cited. Thus, popularity indices can be successfully used as an
objective and impartial appraisal of a given author (scientific group, department, university, or country) or as a post-
review of his/her research and its results made by all citing authors of their cited publications.

4. Conclusion

This paper introduced new popularity indices that can be used to indicate the real popularity of authors and their
publications as well as journals and scientific centers, departments, universities, or countries. These indices use the



number of non-repeating citing authors instead of the number of citations in order to express real popularity and
value of cited publications. These indices can be used as a kind of post-review of publications because the cited
papers or books would have to be positively reviewed first by the citing authors that have decided to use them in
their scientific study. The true value of the popularity indices lies in their considering each citing author only once
for each publication or each cited author. Thus, these indices express real popularity and worth in view of all citing
authors. This feature of popularity indices eliminates one of the main drawbacks of the h-index that can be
artificially raised by many citations made by the same citing authors. The popularity indices would be hard to
manipulate because they rely on the community of citing authors; they naturally grow with the value of published
scientific work and its results. Thus, popularity indices — in particular the p-index — can be used as a fair alternative
to the h-index. The p-index does not remove all drawbacks of the h-index, but enables to better appreciate work of
scientists accordingly to the number of non-repeating citing authors that have appreciated results of their work.
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