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Abstract A new indirect indicator is introduced for the assessment of scientific publi-
cations. The proposed indicator (fp*-index) takes into account both the direct and indirect
impact of scientific publications and their age. The indicator builds on the concept of
generations of citations and acts as a measure of the accumulated impact of each scientific
publication. A number of cases are examined that demonstrate the way the indicator
behaves under well defined conditions in a Paper-Citation graph, like when a paper is cited
by a highly cited paper, when cycles exist and when self-citations and chords are exam-
ined. Two new indicators for the assessment of authors are also proposed (fa-index and fas-
index) that utilize the fp*-index values of the scientific publications included in the
Publication Record of an author. Finally, a comparative study of the fp* and fa* indices and
a list of well known direct (Number of Citations, Mean number of citations, Contemporary
h-index) and indirect (PageRank, SCEAS) indicators is presented.

Keywords Indirect indicators - Paper assessment - Author assessment -
fpk—index . fak—index . fask—index

Introduction

Scientific publications are responsible for disseminating the research results and
achievements of scientists and scientific groups. The term describes any scientific doc-
ument that has been peer reviewed and published in a way that can assist other
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researchers and be referenced in their work. Different types of scientific documents can
be considered, like master and doctoral theses, review articles, conference papers and
journal articles, technical reports and documents, books and book chapters, short com-
munications and commentaries. In the rest of the paper, the term paper will be used to
describe any of the above items and the term author for scientists and researchers that
publish papers

Published papers do carry knowledge and their content has passed through a review
process prior to their publication. Therefore, there is value attached to every published
paper, though not all published papers have the same impact on their respective field.
Several bibliometric indicators have been proposed to evaluate the importance of a paper
and/or its acceptance by the scientific community.

The most fundamental indicator for assessing the scientific impact of a paper is the total
number of citations received. A number of researchers have argued that the importance of a
paper should be considered by examining not only its direct impact but also the impact of
the papers that have cited it (Rousseau 1987; Dervos and Kalkanis 2005; Sidiropoulos and
Manolopoulos 2005; Walker et al. 2007; Ma et al. 2008; Maslov and Redner 2008; Yan
et al. 2011; Xiaojun et al. 2011; Egghe 2011b; Cheng et al. 2011). By doing so, one
considers not only the visibility of the paper but also its prestige.

Consequently, a number of indirect indicators have been proposed, some of which are
alterations or adaptations of the PageRank algorithm that was originally defined for
ranking pages on the web (Page et al. 1999). More specifically, Ma et al. (2008) propose
the application of PageRank to citation analysis and they have adapted the damping factor
to better represent the walk of a random “researcher” rather than a random “surfer” (Chen
et al. 2007). CiteRank (Walker et al. 2007; Maslov and Redner 2008) is another example
of a PageRank based algorithm for assessing a paper that takes into account the age of the
paper in order to increase its probability of being the starting point of a random walk.
Prestige-Rank (Cheng et al. 2011) was proposed in order to account for the incompleteness
of the Paper-Citation graph, which originates from the fact that no bibliometric database
does actually include all the citations given to a particular paper. P-Rank (Yan et al. 2011)
is another PageRank based indicator that utilizes the Paper-Citation graph and information
about the co-authors of the papers and the journals in which the papers have been published
in.

SCEAS Rank (Sidiropoulos and Manolopoulos 2005) takes a similar approach to
PageRank but introduces an indicator that defines the contribution of direct citations to
be greater than the contribution of indirect citations. It also specifies that indirect
citations should have a greater impact on papers in their neighborhood rather than to
distant papers. We examine both of these principles in this paper. Another example is
the Cumulative patent citations and the Weighted cumulative patent indicators (Atallah
and Rodriguez 2006) that do not originate from PageRank but follow a different
approach in evaluating indirect citations. These indicators were originally defined for a
Patent-Citation graph, a network identical to the Paper-Citation graph if patents are
replaced by papers. Their aim was to measure the impact of a patent by considering
the direct and indirect citations received and the closeness of citations to the patent
under scrutiny. Finally, another approach was followed in Fragkiadaki et al. (2011)
where the f-value indicator accounts for all indirect citations and includes a reducing
factor that can be used to simulate the different citation patterns between different
scientific fields.

Apart from the indirect indicators for the assessment of papers, a number of indirect
indicators have also been proposed for the assessment of authors. SARA (Radicchi et al. 2009)
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is an indicator that follows a PageRank approach applied to the a Weighted Author-
Citation graph but with slight differences, mainly around the distribution of impact
from dangling nodes (authors that do not appear to cite any other author in the graph).
Another indicator that constructs and uses the Author-Citation graph has been pro-
posed by Fiala et al. (2008), Fiala (2012). The authors introduce a modification of
PageRank where citations between authors are examined individually based on a
number of factors, like the total number of publications of each author, the number of
common publications between two authors, the number of distinct co-authors, the
number of citations from one author to the other, as well as the year of each author to
author citation. Another approach was followed by Kosmulski (2010) and Egghe
(2011a, b). Both authors propose an indirect indicator based not only on the direct
citations of a paper but also on the direct citations received by the citing papers
(second generation citations). They choose to apply these indicators over a different
set of papers included in the Publication Record of an author, thus, producing different
results meant to be used either as standalone (Afg-index) or as complementary
(Indirect h-index). Finally, Xiaojun et al. (2011) propose the use of Generational
indices as indirect indicators calculated per generation of citations with regards to a
target paper and the use of Cross-generational indices as cumulative measurements of
impact.

To summarize, there are a number of indirect indicators that one can use in order to
assess the impact of a paper or author depending on the criteria at hand.

The first indicator proposed in this paper, fp*-index, considers several aspects of the
Paper-Citation graph like the existence of cycles, the existence of more than one citation
paths of the same or different length from a source paper to a target paper as well as the
scientific age of the paper in order to produce the individual paper scores. The next two
indicators proposed, fa-index and fas-index, are based on the individual fp*-index values of
the papers included in the Publication Record of an author. These indicators provide the
means for assessing an author and we demonstrate that they are time aware and, in most
cases, size independent. In addition, fas-index also accounts for the existence of self-
citations for the individual authors of a paper.

In “Theoretical background” section, the Paper-Citation graph is presented in detail
along with the different types of citation generations and some of the properties of the
graph are discussed in more detail, like self-citations, chords and cycles. “The meaning
of generations of citations” section further discusses citation generations and presents an
example of the application of citation generations and citation generation counts in order
to justify the reasons behind the type selected for the indicators introduced in this paper.
In “fpk—index definition” section, the fp*-index indicator is defined and two examples of
its application are presented in “Application and comparison of fpk-index with Number
of citations (NC) and PageRank” section. In that section, we compare fp*-index to two
well known indicators for the assessment of papers, namely, the Citation count and
PageRank. The fa- and fas-index are defined in “fa* and fas* indices definition” section
and an application of both indicators is given in “Application of the fa* and fas® indices”
section. “Comparative study” section presents a comparative study of the proposed
indicators to other well known indicators of direct and indirect impact found in the
literature, along with experimental results for the rankings produced by each indicator
based on the data provided by DBLP. Finally, the paper concludes in “Conclusions”
section.
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Theoretical background

We present an overview of the Citation graph along with the available meta-data infor-
mation definitions for each paper participating in a closed paper collection. In addition, the
generations of citations are examined in detail and a thorough example of the four types of
forward generations is discussed. Generations of self-citations and the concept of chords
are also considered.

Citation graph

Citation graphs are constructed from the meta-data available for the papers included in a
closed set of papers. The base form of a citation graph is the Paper-Citation graph, but
there are other types of derived graphs like the Author-Citation graph and the Journal-
Citation graph. Derived graphs are constructed from the Paper-Citation graph by applying
appropriate transformations as presented in Fragkiadaki and Evangelidis (2014). Here, we
only present the Paper-Citation graph along with the notations used throughout this paper
to describe the different properties of this graph.

The Paper-Citation graph is a directed graph whose nodes are the papers included in the
collection and edges are defined based on the citations present in the Reference lists of
these papers. A directed edge from a source paper (S) to a target paper (7) exists if the
source paper (S) includes the target paper (7) in its list of references. We denote this
relationship between papers S and T as “S references 77 or “T is cited by S”, and the
corresponding notation for this edge is S — 7.

Apart from the papers and the citation data, the Paper-Citation graph includes addi-
tional information originating from the meta-data available for each paper. These infor-
mation include the author list of each paper, the publication year and the publication
journal. The different entities participating in this Paper-Citation graph along with the
different properties of the graph are described by the following notations, as they were first
presented in Fragkiadaki and Evangelidis (2014):

Fig. 1 Example Paper-Citation graph

@ Springer



Scientometrics (2016) 106:657-694 661

e P={P,P;,..,Pnxp} denotes the closed set of papers participating in a Paper-
Citation graph and NP is the total number of papers included in the collection.

e A =1{A1,A;,...,Ana} denotes the set of authors that have participated in any of the
papers included in the Paper-Citation graph. NA denotes the total number of authors
participating in the Paper-Citation graph.

o J={J1,J2,..., Ny} denotes the set of journals in which the papers of the Paper-
Citation graph where published. NJ denotes the total number of journals participating
in the Paper-Citation graph.

An example of a Paper-Citation graph can be found in Fig. 1. Using the notations
presented earlier the following for this graph:

e P ={P,,P;,P3,P4,Ps,Ps,P;} is the set of papers in our collection and NP =7
o A={A,A; A3,Ay,As} is the set of authors and NA = 5
o J=1{Jy,J2,J3} is the set of journals and NJ = 3

The Paper-Citation graph of Fig. 1 may also be presented in the form of a table, which
we call the Paper-Citation table and for our sample graph is shown in Table 1. Each row of
the table describes a particular paper and includes the list of co-authors, the publication
year and publication journal, the list of papers referenced by the paper and the list of papers
that directly cite the paper.

Citation generations

We refer to citations received by a paper as direct citations and to the citations received via
its citing papers as indirect citations. The term citation path is used to denote that a path
exists in the Paper-Citation graph between a source and target paper. Citation paths can be
categorized based on their length, which is the number of papers participating in the path
excluding the target paper. Therefore, all direct citations are of length 1 since the path
includes only one paper apart from the target paper, and, all indirect citations are of length
greater than one. The citation paths for paper P, of Fig. 1 are listed in Table 2a. We
observe that paper P; has 3 citation paths of length 1 (or 3 1-gen citations), 3 citation paths
of length 2 (or 3 2-gen citations) and 4 citation paths of length 4 (or 4 4-gen citations).
The indirect citations are used to define the generations of citations originally proposed
by Rousseau (1987). In that paper, generations are discussed from the references point of
view and their influence over the current paper is examined. These generations are called
backwards while generations created based on the citations received by a paper are called

Table 1 Paper-Citation table for the Paper-Citation graph of Fig. 1

Paper Publication year Journal Co-authors References Is cited by
P, 2000 Ji Ay, Ay - Py, P53, Py
P, 2001 J A3 P Ps

P 2001 Ji Az, Ay P, Pg

Py 2001 J3 Ay, Ay P, Ps

Ps 2002 J3 Ay, As P, P -

Pg 2003 Ji Ay, Ay P3, Py Ps, Py

Py 2004 J3 Ay, Az Pg -
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Table 2 (a) Direct and indirect citation paths for paper P1 of Fig. 1; (b) Forward citation generations for

paper P1 of Fig. 1

Citation path Source paper Via Target paper
Length 1 P, Py
Ps P,
Py P,
Length 2 Ps P, P,
Ps P; P,
P Py P,
Length 3 Ps P Ps P,
Ps P Py P,
P7 Pg Ps P,
Pq Pg Py P,
(@
m (non-unique) s (unique)
Restricted (G) Gy ={P} Gy ={P\}
G} = {P2,P3, P4} G5 = {Py,P3,P4}
Gy = {Ps,Ps, Ps} G5 = {Ps,Ps}
Gy = {Ps,Ps,P7,P7} G, = {Ps,P7}
Independent (H) Hy = {P} HS ={P,}
HY" = {P, P3, P4} H; = {P5,P3,P4}
HY' = {Ps, Ps, Ps} H5 = {Ps, P¢}
HY = {P;,P7} H = {P7}

(®

forward. Forward generations have also been discussed in the literature by Dervos and
Kalkanis (2005), Dervos et al. (2006), Atallah and Rodriguez (2006) and by Xiaojun et al.
(2011) where four different definitions of generations were proposed. The definitions take
into account the existence or not of duplicate papers per generation and whether a paper
already included in a generation participates or not in a higher rank generation. The
following notations defined in Xiaojun et al. (2011) are used throughout the rest of paper:

e Subscript n =0,...,M defines the individual generations for a particular paper, with
M being the youngest generation or in other terms the longest path in the Citation graph
leading to the current paper. Forward generations are denoted with a positive natural
number whereas Backward generations are denoted with a negative whole number.

e G denotes that a citing paper can appear in many generations and H denotes that
generations can only include papers not already included in a previous generation.

e Superscript s denotes that a paper can only be included once in a generation and
superscript m denotes that a paper can be included more than once in a generation
(definitions of sets and multi-sets from Xiaojun et al. 2011).

In the original paper of Xiaojun et al. (2011), the 0-gen set definition encapsulates the
possibility of including more than one papers, like for example all papers co-authored by a
single author, but we are going to consider Generation 0 to only include a single target paper.
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The different sets of forward citation generations for target paper P, based on the four
types of definitions one can get for the possible combinations of values {G,H} and {m, s}
are listed in Table 2b. The table reveals that all definitions yield identical results for 0-gen
and 1-gen sets. 0-gen set includes only the paper under scrutiny and 1-gen set includes
papers directly citing the target paper. Since a paper cannot cite itself and can cite another
paper only once, there are no duplicates in 1-gen set.

The four definitions produce different results starting from the 2-gen set and moving
forward. In particular, the 2-gen set demonstrates the different results obtained based on
whether a paper is allowed to be included more than once per generation or not (definitions
of superscripts m and s respectively). In the former case (m), paper Pg is included twice in
the 2-gen set of citations, whereas in the latter (s) it is listed once. So, the s/m aspect of the
definitions determines whether duplicates can be found within a generation. In other words,
it determines if a generation is to be considered as the unique list of source papers that
provide the target paper with at least one citation path of a particular length (s) or as a
listing of the source papers of all citation paths of a particular length (/). Tables 2a and b
better demonstrate the above statement. Paper Pg is the source paper of two 2-gen citations
for target paper Py, one via paper P; and one via paper Py4. So, in the m definitions paper Pg
is included twice whereas in the s definitions it is included once.

The G/H aspect of the definitions is better illustrated by 3-gen citations and particularly
by the citations originating from paper Ps. When the generations are defined as G, paper Ps
is a 3-gen citation for paper P, whereas if the generations are defined as H, it is not. In the
second case, paper Ps is not a 3-gen citation because it has already been counted as a 2-gen
citation for paper P;. In other words, the G/H aspect of the definitions determines whether
a source paper that provides more than one citation paths of different length for the target
paper should be included in all generations based on its citation paths or if it should only be
included in the generation closest to the target paper.

Generations of self-citations

When a Paper-Citation graph is examined from the paper point of view, the authors of the
papers do not really participate in the process. But if we choose to examine the papers with
regards to their contribution to the Publication Record of a particular author, one might
wish to include extra information that relates to the author in question. In that sense, we say
that there exists a direct self-citation between papers P, and P, for author A, if paper P,
cites paper P; and A; has co-authored both papers.

When one wishes to account for the existence of self-citations, it is a common practice
to examine a paper at the author level by either simply counting the number of self-
citations and supplying this number alongside the full citation count or by completely
removing the self-citations from the list of citations for the paper and author in question.
So, in the same sense that self-citations are defined for a particular (paper, author) pair in
the case of direct citations, we define the generations of self-citations for a (paper, author)
pair for all indirect citations. This concept has been originally discussed in the Cascading-
Citations Indexing Framework (cc-IF) defined in Dervos et al. (2006), were the generations
of self-citations were defined as forward G™.

In general, a n-gen self-citation for a (paper, author) pair (P, A) is defined by a citation
path of length n originating from a source paper and ending at paper P, with author A being
present in the author list of both papers. Therefore, the only points of interest in the self-
citation definition are the source and target papers and the corresponding authors. For
example, the citation path P¢ — P3 — P is considered a 2-gen self-citation for author A,
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but the citation path P; — P — P3 — P; is simply considered a 3-gen citation even
though it passes through a paper co-authored by A;.

Thus, we may amend Table 2 to also include the authors of the papers, along with a
characterization of which citation paths are considered self-citations for each of the authors
in the author list of paper P;. The results are presented in Table 3.

We propose that when a paper is examined as part of the Publication Record of an
author it should be determined whether self-citations should be included or not in the
generations of citations. If self-citations are included, then the results for the four defini-
tions of citations are the same as the ones shown in Table 2b. If self-citations are to be
excluded from the citation generations for a particular author, then the results are shown in
Table 4a and b for authors A} and A, of paper P;.

It is interesting to examine 2-gen and 3-gen citations for author A; in Table 4a. After
removing all self-citation paths for author A;, there is no citation path of length 2 left,
which means that all 2-gen citations originate from papers co-authored by A;. This has as a
consequence that generation 2 of citations for A; is empty. This does not necessarily imply
that A; will not have any 3-gen citations since, as we have already mentioned, self-citations
are only defined using the starting and ending points of the citation paths without exam-
ining the intermediate papers. Thus, even though A; has no 2-gen citations (by any defi-
nition), he still has some 3-gen citations.

Table 3 Direct and indirect citation paths for paper P; of Fig. 1

Citation path Source paper Co-authors Via Target Self citation

Paper Author

Length 1 P, Aj Py Ay
Ay
P3 Az, Ay Py A
As
Py Ay, Ay P, A
Aj X
Length 2 Ps Ay, As P, P, Ay X
A
Pg Ay, Ay P P, A X
A; X
Pg Ay, Ay Py P, A X
Ay X
Length 3 Ps Ay, As Py Ps P, Ay X
A
Ps Ay, As Pg Py P, A X
A
P, Ay, As Pg P; P, A
Ay X
P, Ay, As Pg Py P, A
Ay X

Self-citations are considered at the (paper, author) level for the list of co-authors of paper P;
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Table 4 (a) Forward citation R .
generations for paper P; and m (non-unique) s (unique)
author A; of Fig. 1 and (b) For- .
ward citation generations for Restricted (G) Gy = {P1} G = {P1}
paper Py and author A, of Fig. 1 Gl' = {P,,P3,Ps} G} = {P,,P3,P4}
Gy =1{} G ={}
Gy = {Ps,P7} Gy = {P1}
Independent (H) H'={P} Hy ={P}
H' = {P»,P3,P4} Hj = {P,,P3,P4}
Hy = {} H; = {}
HY' = {P7,P7} Hy = {P:}
()
Restricted (G) Gy ={P} Gy ={Pi}
G' ={P,, P35} G| = {P,, P}
Gy = {Ps} G = {Ps}
Gy = {Ps, Ps} Gy = {Ps}
Independent (H) H' ={P} Hy ={P,}
HY' = {P, P} H{ = {P,,P3}
Hy' = {Ps} H; = {Ps}
Hi' = {} H; ={}
®)

Chords

Another aspect of the Paper-Citation graph that is related to the generations of citations is
the existence of chords within the graph. Chords Dervos and Kalkanis (2005) are defined as
citations in the Paper-Citation graph of rank greater than one that co-exist with a 1-gen
citation. So, a chord of rank 2, or 2-chord, exists between papers A and B when there is a
2-gen citation from paper A to paper B while at the same time there is also a 1-gen citation
from A to B. This models the situation where a paper cites both directly and indirectly

another paper in the citation graph.

()

‘ -
() ©
(a)

(b)

(c)

Fig. 2 Examples of different levels of citation cycles encountered in Paper-Citation graphs. a Level 1

cycle, b Level 2 cycle and ¢ Level 3 cycle
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Cycles

The Paper-Citation graph is a directed graph due to the nature of the connections between
papers. While one might expect that the Paper-Citation graph is also acyclic, this is not
always true. It is not uncommon for a paper to cite a version of another paper appearing in
draft mode on the personal web page of one of the authors or to cite an online first edition
of a paper (a paper made available online prior to its original publication). This may create
cycles in the Paper-Citation graph Sidiropoulos and Manolopoulos (2005) and these
cycles may be of different levels.

We define a Level I cycle to be any path of the form S — T — S and a Level n cycle any
path of the form S — --- — § where n + 1 papers participate in the formation of the path
with n > 1. Figure 2 presents three different levels of cycles with regards to paper P;.

In Fig. 2 we observe that in (a), P; participates in a Level I cycle via the path
P, — P4 — Py, in (b), P; participates in a Level 2 cycle via the path P; — P;5s — P4 — P,
and, finally, in (c), P; participates in a Level 3 cycle via the path
Pl —>P5 —>P6—>P4—>P1.

The meaning of generations of citations

So far, we have examined the different types of generations that can be defined based on
the data included in a Paper-Citation graph, but we have not explored the meaning of
indirect citations. We believe that a direct citation clearly indicates that a paper has been
influenced in some way by the papers that it cites. The way that the referenced papers have
affected the research of an author might not always be the preferred one, for example one
might mention negative results based on another author’s work but nevertheless the cita-
tion does mean that the cited paper has had an impact on the citing paper.

But what do indirect citations mean and how should they be counted for? From the point
of view that direct citations express a connection (or some form of influence) between two
papers, we believe that indirect citations should carry the same meaning. In particular, an
indirect citation should represent an imaginary connection between a source and a target
paper with citations closer to the target paper (of lower rank) representing a stronger

Fig. 3 A Paper-Citation graph
that demonstrates four different
types of citations paths. a Chords,
b multiple citation paths of
length n,n > 1 from a source
paper to the target paper P, ¢ a
Level 1 cycle and d a Level 2
cycle

(a) Chords (b) Multiple paths

(c) Level 1 cycle (d) Level 2 cycle
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relationship between the papers. Based on the above and building on the concept of the
Medal Standings Output table (MSO table) presented in Dervos and Kalkanis (2005), it is
possible to create a table of the papers included in a Paper-Citation graph along with
counts of the first n-gen citations of the papers based on the desired definition of
generations.

The only question remaining now is which definition should one use for the generations
of citations and how does that affect the output of the MSO table. Let us consider the
Paper-Citation graph of Fig. 3 that consists of ten papers, P = {Py, P,,P3, P4, Ps,
P, P7,Pg, Pg, P1o} and 13 edges that represent the 13 direct citations that exist between the
papers. The Paper-Citation table for paper P, is shown in Table 5.

Figure 3 demonstrates four different citation paths that a paper may participate in. In the
lower left corner, paper P, is part of a Level I cycle via the path Py — P; — P;, whereas
in the lower right corner, P; is part of a Level 2 cycle via the path Py — Pg — P9 — P;.
In the top left corner, P; is the target of a 2-gen citation originating from Pg, which also
provides a 1-gen citation to P;. Thus, the 2-gen citation from Pg to P; is also a 2-chord.
Finally, in the top right corner, paper Ps provides two 2-gen citations to P; via papers Ps3
and P, respectively, whereas, Py provides two 3-gen citations to P via paths P9 — Ps —
P3 —>P1 andP9—>P5 —>P4—>P1.

In order to compare the four types of generation definitions we produce the MSO
table for paper P; for each type of definition. The results are shown in Table 6, which
shows the four different types of definitions in the vertical columns along with the citation
counts of the first three generations of citations. The rows of the table represent the four
sections of the Paper-Citation graph of Fig. 3. The last line of the table contains the total
number of citations for each generation for each type of definition. For example for the G™

Table 5 Paper-Citation

table for paper P; presented in Citation path Source paper Via Target paper
Fig. 3
Length 1 P, P,
Ps P,
P, Py
Ps P
P P,
Pyo Py
Length 2 P, P, P,
Ps Ps P,
Ps Py P,
Pg P, P,
Pg Pio P
Length 3 P, Pg Py P,
P, P, Py P
Ps P P P
P, P, P, P,
Ps P, Py P
Py P P P
Py Ps P3 P
Py Ps Py Py
Pio P P P
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Table 6 MSO table for the G (a) and H (b) definitions of citation generations for paper P; of Fig. 3

P G" G’

1-gen 2-gen 3-gen 1-gen 2-gen 3-gen
a 2 1 2 2 1 2
b 2 2 4 2 1 3
c 1 1 1 1 1 1
d 1 1 2 1 1 2
Total 6 5 9 6 4 8

(a)

Pl H™ HS

1-gen 2-gen 3-gen 1-gen 2-gen 3-gen
a 2 0 0 2 0 0
b 2 2 2 2 1 1
c 1 0 0 1 0 0
d 1 1 0 1 1 0
Total 6 3 2 6 2 1

()

definition, section (b) of the Paper-Citation graph provides two 1-gen citations from
papers Ps; and P4, two 2-gen citations from paper Ps, and four 3-gen citations,two from
paper Py (paths Py — Ps — P3 — P; and Py — Ps — P4 — P;) and two from papers P3
and P4 via paths P3 — Py — P; — P; and P4 — P; — P; — P) respectively.

The four definitions produce the same counts only for the 1-gen citations (direct cita-
tions). The largest citation counts are produced by the G™ definition and the numbers
presented in the table equal the total number of the respective citation paths shown in
Table 5, with 5 2-gen citations and 9 3-gen citations. Next comes the G* definition, which
eliminates duplicate papers from within each generation, thus producing a total of 4 2-gen
citations and 8 3-gen citations by only counting Ps once as a 2-gen citation and paper Py
once as a 3-gen citation. The H™ definition follows, which allows a paper to appear exactly
once in the generation with the lowest possible rank. The counts produced from this
definition are 3 2-gen citations (after removing paper P6 as a 1-gen and paper P; as a 0-
gen) and 2 3-gen citations (after removing paper P; as a 0-gen and P,, P3, P4, Pg, P7 and
Pyo as a 1-gen). Finally, the H* definition produces 2 2-gen citations and 1 3-gen citation
after removing all papers appearing in lower rank generations (same as H™) plus all
duplicate papers from within each generation (Ps is only counted for once as a 2-gen and
Py is only counted for once as a 3-gen).

To summarize, we observe that the G™ definition produces the largest counts of cita-
tions, by counting all the individual citation paths. As a result, it does not capture the nature
of the individual citations. For example, in cases where a source paper provides citation
paths of different lengths (like paper Pg), that paper, which is a single publication, also
provides more than one indirect citations of different ranks. The same is true, when a paper
provides more than one citation paths of the same length like papers Ps and P9, which also
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provide more than one indirect citation but of the same rank. In addition this definition
does not cope well with citation path cycles since indirect citations are always counted for
no matter which paper provides them.

The G* definition copes better with cases where a paper provides more than one indirect
citation paths of the same length, since now a paper can only be included once per
generation. Examples of this case are papers Ps and Py each providing two citation paths of
length 2 and 3 respectively, but now they are counted for only once per generation. Still,
this definition does not distinguish between citation paths of different lengths originating
from the same paper, like paper P, nor it corrects for the cycles present in a Paper-
Citation graph.

On the other hand, the H™ definition can handle cycles, since if a paper has been
included in a generation of lower rank it is not included again in a higher rank generation.
For example, paper P; is included in the O-gen set, thus it does not provide a 2-gen citation
to itself via P7. The same is true for P; and a 3-gen citation that it could provide to itself if
papers were not restricted between generations. Finally, this definition also copes with
citation paths of different length originating from a single paper like paper Ps. Again,
paper Pg is included in the 1-gen set, thus, it does not also provide a 2-gen citation via P;.
The only case that H™ does not handle is the existence of multiple citation paths of the
same length originating from a single paper, like papers Ps and Py.

All cases mentioned so far, are handled by the H® definition, which is the one we
propose for counting indirect citations. With this definition an indirect citation indicates a
connection between two papers and not merely the existence of at least one citation path
between the papers in a Paper-Citation graph.

fp*-index definition

We propose a new indicator for the assessment of a paper that accounts for both the direct
and indirect impact of the paper as well as for the scientific age of the paper. The indicator
can be described as a cross-generational index (Xiaojun et al. 2011), in the sense that it
uses individual values generated for each generation of citations and then uses these values
in order to calculate the cross-generational index that attempts to quantify the scientific
value of a paper. Part of the indicator definition is the type of generation of citations used to
produce the values to describe the generation of citations. The fp*-index is calculated as

_ L35 x gen) (1)

np

o

In general, indirect citations should indicate that there is a connection between the paper
under scrutiny and the papers included in each generation. This connection should be
stronger the closer it is to the target paper (Sidiropoulos and Manolopoulos 2005). A
connection between two papers is indicated by a single indirect citation rather than a count
of all the indirect citation paths targeting the examined paper. In the proposed indicator,
citations are weighted depending on the generation they belong to (gen;), with citations of
lower rank being more important and indicating that the target paper had a higher impact
on the source paper. The indicator assigns a value 1 to each published paper and it uses the
scientific age of the paper (n,) to produce scores that can be used to compare papers of
different scientific age. Once published, a paper is considered to have a scientific age of 1.
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The proposed indicator considers the first k generations of citations of the H* definition
but the number of generations that one should consider is a subject that requires further
investigation. If we assume that individual citation graphs are generated for publications
belonging to different scientific fields then there are a number of characteristics that could
affect the number of generations of citations that one should examine. The following list
provides just an overview of some of them and the authors consider it to be neither
complete nor exhaustive.

e Number of publications per year Small number of papers published in a particular
scientific field could mean that the density of the citation graph examined is high with a
relatively small number of participating papers and many citations among them. On the
other hand, large number of papers published each year could mean that the length of
the citation paths is small therefore not providing many generations to base our
calculations on.

e Average number of citations received or references provided A large average number
of citations could indicate a citation pattern where authors reference not only new
papers but also papers published several years ago, thus possibly producing large
number of chords in the citation graph.

e Average elapsed time from the date of publication until a paper receives its first
citation If the observed times are high it could be that several years may pass before
published papers receive citations in which case the time is the limiting factor in our
calculations.

e Average age of citations The average age of the citations received could also affect the
number of generations considered since a large average citation age could mean that it
could be several years before long citation paths could be generated within the graph.

For the calculations included later in this paper we have chosen k = 3, thus considering
the first three generations of citations of the H* definition. This number has been chosen
based on the authors sentiment that three generations (similar to friends of friends of
friends in social networks) are enough to illustrate the usability and validity of the indicator
under different circumstances.

Fig. 4 Example of a Paper-Citation graph. All citation paths of length lower than or equal to four are
included in the graph. For simplicity we consider all papers within the same citation path length to have the
same scientific age
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Application and comparison of fp*-index with Number of citations (NC)
and PageRank

In this section, we examine two applications of the fp*-index. The first one is to the Paper-
Citation graph of Fig. 3. In this graph, we consider all papers to be of equal scientific age
(age 1). The second one is on the Paper-Citation graph of Fig. 4, where we provide the
scientific age of the papers included in the graph.

The purpose of these examples is to demonstrate how the fp*-index reacts to the dif-
ferent citation patterns present in the graphs, especially when compared to the two other
indicators, namely the Number of citations (NC) and PageRank (Page et al. 1999; Ma et al.
2008). The Number of citations (NC) is the most commonly used indicator and measures
the impact of a paper by counting the number of direct citations received. This indicator
produces values that are identical to the first generation citation counts we have discussed
so far.

On the other hand, PageRank is an indicator originally used to rank pages on the web
and was initially inspired by citation analysis. The indicator has found its way back to
citation analysis with multiple applications, modifications and adaptations that aim at
providing a more accurate representation of scientific impact whether it is for a paper,
author or journal. PageRank imitates the “random surfer” model, where a person navigates
through the web by a number of random hops. The surfer, after randomly selecting one of
the available pages, randomly chooses to follow one of the outgoing links of the page and
continues to do so until he gets “bored”, at which point he completely stops his current
navigation path and moves to a newly selected random page from where he starts a new
navigation path. The number of hops performed is determined by a damping factor.
PageRank is calculated as follows

PR(i)

PR(A) = (1—d)+dx Y N

(2)

where d is the damping factor, which in the original implementation of PageRank was set
to be 0.85, PR(i) is the PageRank score of the ith page that links to page A, and N(i) is the
number of outgoing links of page i. For the calculations included in this section of the
paper we use d = 0.5 as defined in Ma et al. (2008). We refer to this version of PageRank
as Base.

A normalized version of PageRank also exists, where the first component is divided by
the total number of nodes present in the network, or papers in the Paper-Citation graph.

pr(4) = ! ;,d) +dx ZI;VR((,-;)

(3)

By implementing PageRank as shown in 3, the sum of the PageRank values of all nodes
included in a particular graph should be 1.0. As discussed in the literature though, this is
not the case in graphs that include nodes that do not provide any reference to any of the
nodes included in the graph. These nodes are named dangling nodes (Erjia and Ying 2011)
and their behaviour would cause the sum of the PageRank values to decline after a number
of iterations. In the second version of PageRank, we accommodate these dangling nodes by
equally re-distributing their value to all the nodes in the graph and we refer to this version
of PageRank as Normalized.
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First example

The purpose of this example is to demonstrate the usage of the fp*-index, k = 3 and the
way it reacts in a graph that includes the four distinct cases of citation patterns discussed
earlier. Table 7a presents the citation generation counts for the ten papers included in the
graph along with the calculated values of the three indicators (number of citations,
PageRank and fp*-index). As already mentioned, a damping factor d = 0.50 has been used
for the PageRank calculations. Base PageRank required 26 iterations to converge and the
Normalized PageRank required 14 (with a convergence criterion set to 0.00001). Table 7b
presents the different categories created by the calculated values of each indicator and the
papers that fit each category. It is interesting to note that both versions of PageRank

Table 7 (a) On the left, we list the citation generation counts of the papers included in the Paper-Citation
graph of Fig. 3, and on the right we list the values of the three indicators (Number of Citations (NC),
PageRank (Base and Normalized) and fp*-index), (b) the categories defined by each indicator based on the
available values are presented along with the papers that fit each category

genl gen2 gen3 NC PageRank f3-
index
Base Normalized
P, 6 2 1 6 2.769 0.277 8.333
P, 1 0 0 1 0.625 0.063 2.000
Ps 1 1 0 1 0.688 0.069 2.500
Py 1 1 0 1 0.688 0.069 2.500
Ps 1 0 0 1 0.750 0.075 2.000
Pg 0 0 0 0 0.500 0.050 1.000
Py 1 5 2 1 1.192 0.119 5.167
Pg 1 6 1 1 1.192 0.119 5.333
Py 0 0 0 0 0.500 0.050 1.000
Py 1 1 5 1 1.096 0.110 4.167
(a)
Number of citations PageRank fp3-index
Score Papers Score (B) Score (N) Papers Score Papers
6 P, 2.769 0.277 Py 8.333 P,
P, — Ps P; — Py 1.192 0.119 Py Pg 5.333 Py
0 Pg Py 1.096 0.110 Py 5.167 P,
0.750 0.075 Ps 4.167 Py
0.688 0.069 P; Py 2.500 Ps Py
0.625 0.063 P, 2.000 P, Ps
0.500 0.050 Ps Py 1.000 Ps Py

(b)
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produce the same categories for the papers included in the graph, even though their
calculated values are different.

It turns out that all three indicators agree that the most important paper in the graph is P;
and the less important ones are Pg and Py that have not received any direct (and therefore
indirect) citations. The less sensitive indicator is the Number of citations since it only
considers the direct impact of the papers and thus produces the less distinctive categories
for the papers in the graph, placing all papers that have received one citation in the same
category with the same score. PageRank and fp*-index seem to be able to better distinguish
the remaining papers in the graph.

In particular, PageRank considers papers P; and Pg to be the second most important
papers in the graph whereas Py occupies the third most important position. fp3-index also
considers paper Pg as the second more important paper in the graph but it distinguishes it
from P; which occupies the third most important position, with Pjy moving one position
down in the list, ranked fourth. According to fp3-index, P is ranked higher even though it
has one 3-gen citation less than P; because at the same time it has one 2-gen citation more
than P7, and as we have seen so far gen2-citations have a greater impact on the calculated
score when compared to 3-gen citations under the same conditions.

Moving further down the list, according to PageRank the next more important paper is
Ps (ranked fourth) since even though it only receives a single 1-gen citation from paper Py,
paper Py does not provide any other citation to any of the other papers included in the
graph.

According to fp3-index paper Ps is ranked sixth, below papers P3; and P, and it is
considered of equal importance to P,. If we look at the number of citations received by
these papers we can state that Ps receives only one 1-gen citation (from paper Py) and P,
also receives one 1-gen citation (from paper Pg), whereas papers P3; and P4 receive one

Table 8 On the left the 22 papers of the Paper-Citation graph of Fig. 4 are listed along with their scientific
age and citation generation counts. On the right the calculated values based on the Number of Citations
(NC), PageRank (Base and Normalized) and fp3-index indicators are presented

PageRank
age  genl gen2 gen3 fp® —index NC Base Normalized
Py 4 3 3 6 1.875 3 2.281 0.116
P, 4 1 3 9 1.675 1 1.688 0.086
Py 4 1 0 0 0.500 1 0.750 0.038
Py 4 1 3 0 0.875 1 1.125 0.057
Ps 3 3 9 0 2.833 3 2.375 0.120
Ps 3 0 0 0 0.333 0 0.500 0.025
Py 3 3 0 0 1.333 3 1.250 0.063
B 2 0 0 0 0.500 0 0.500 0.025
Py 2 9 0 0 5.000 9 2.750 0.140
Pyy—Pi3 2 0 0 0 0.500 0 0.500 0.025
Piy— Py 1 0 0 0 1.000 0 0.500 0.025
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1-gen citation each from Ps and one 2-gen citation each from paper Py, thus ranking higher
than Ps.

Second example

The second application is to the Paper-Citation graph of Fig. 4, that contains a graph with
22 papers. The graph is constructed using paper P; as the target paper. All citation paths of
length lower than or equal to four have been included. For simplicity, we consider all
papers within the same citation path length area to have the same scientific age. The oldest
papers are Py, P, P3 and P, with scientific age 4.

Table 8 presents the genl, gen2 and gen3 citation counts for the 22 papers of the graph
along with the scientific age of each paper and the calculated values for the three indicators
under examination. For PageRank, we are displaying the scores for both the Base and
Normalized version. The Base version required 7 iterations to converge whereas the
Normalized one required 17 (the convergence criterion has again been set to 0.000001).

Table 9 Scores and Papers distribution per indicator. The three indicators included are the Number of
citations, PageRank and the fp*-index

Method Score Papers
Number of 9 Py
Citations 3 P, Ps P,
1 )23 P; Py
0 Ps Pg Pro Py Pya Pi3 Py Pys

P Py7 Pig P9 Py Py P

Base Norm

PageRank 2.750 0.140 Py
2.375 0.120 Ps
2.281 0.116 P,
1.688 0.086 P,
1.250 0.063 P,
1.125 0.057 Py
0.750 0.038 P

0.500 0.025 Pg Pg P Py Py P Py Ps
Pis Pz Pis Pio P Py Py

fp3-index 5.000 Py

2.833 Ps

1.875 Py

1.675 P

1.333 P,

1.000 Py Pis Pis Py7 Pig Py Py Py

0.875 Py

0.500 Ps Py Po Py Pia Pz

0.333 Pg
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The papers are ordered in increasing order based on their name and no other sorting has
been applied. The PageRank and fp3-index values have been rounded to three decimal
places whereas the Number of citations are always integer values.

There are nine papers (P14—P2;) that have an fp-index of 1.000 since they have not
received any direct or indirect citations and their scientific age is 1. We can compare the
fp3-index values of these papers to the fp*-index values of papers Pg, Pig, Pi1, P12 and Pj3
that also have not received any direct or indirect citations but whose scientific age is 2, and
thus their fp3-index value is 0.500. We consider this to be a valid result since if a paper has
not received any direct or indirect citations its value should decline as it is getting older
since (with the exception of sleeping beauties) it becomes more and more unlikely that it
receives many citations in the future. The same logic applies to paper P¢ as well, whose
value is 0.333, since it has not received any direct citations and its scientific age is 3.

Another interesting comparison is between papers P3, P4 and P, of scientific age 4. P3
has only received a single 1-gen citation, P4 has received a single 1-gen citation along with
3 2-gen citations and, P, has received a single 1-gen citation along with 3 2-gen citations
and 9 3-gen citations. Since all these papers have the same scientific age, the factor that
determines the acquired score is the number of 1-gen, 2-gen and 3-gen citations. In
addition, the 1-gen citation count is the same for all papers. Therefore, the one that should
gather the lower score is the one that has no 2-gen and 3-gen citations, which is paper Ps.
From the remaining papers the one that should follow is the one that has 2-gen citations but
no 3-gen citations. And, finally, the paper that should gather the greatest score is P, since it
has more 3-gen citations than Pjy.

In order to make the comparison easier, the scores and the corresponding papers per
indicator are presented in Table 9. The Number of citations (NC) indicator is the less
sensitive one since it only creates 4 different score based categories for score values 9, 3, 1
and 0.

PageRank also categorizes all papers that have no impact in the same category with a
score of 0.500 for the Base version and 0.025 for the Normalized one. PageRank is clearly
better than NC distinguishing between papers that have had some impact, indicated by the
fact that these papers have received at least one citation. The remaining 7 papers received
distinct scores, with P9 being the most important paper in this graph.

fp’-index generates 9 different categories. Papers Py, Ps, P, P, and P; are ranked
similarly by both PageRank and fp*-index. fp>-index takes into consideration the scientific
age of a paper and young papers rank higher than older papers with identical properties.

fd* and fas® indices definition

We have defined an indirect indicator, the fpk—index, that can be used to calculate the
current cumulative value of a paper based on the first three generations of citations as
defined by the H® definition. Based on these values a new indicator is proposed for the
scientific assessment of an author called fa*-index.

fak-index is defined as the sum of all fp*-index values of all papers co-authored by an
author divided by the total number of papers (N) in the Publication Record of the author
and is equal to
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_ vafpk—index(i) (4)

k
fa N

where fp*-index(i) is the fp*-index of the ith paper of the author. Since the fp-index of a
paper represents the current value of a paper the fa*-index represents the average fp*-index
value of the author’s papers at the time when the evaluation occurs.

We might say that this indicator is independent of the scientific age of the author since
the value of each paper is normalized based on its age. We believe that only the paper’s age
should be used to distinguish between younger and older papers that share the same
properties and that younger papers that have attracted a considerable number of citations
quickly should be rewarded. In addition the proposed indicator is size-independent since
the cumulative value of the fp*-index scores of the papers is divided by the number of
papers included in the Publication Record of an author. By doing so, authors with different
productivity levels could more easily be compared based on the scientific impact of their
papers.

Summarizing, the fak—index is an indirect indicator that takes into account the first
k generations of citations, the scientific age of each individual paper as well as the pro-
ductivity of the author in order to produce the author’s score and it is independent of the
scientific age of the author.

An additional aspect that we could consider for an indicator used to assess authors is the
number of self-citations. Another indicator is therefore proposed that considers the cita-
tions in the Paper-Citation graph at the (author, paper) level named fas*-index. fas*-index
is calculated using the same formula as the fa*-index with the only difference being the
way the citation generations are produced for the calculations of the fp*-index values for
the papers in the Publication Record of the author. For the fa*-index all citations based on

Table 10 (a) The papers inclu-

3 .
ded in Fig. 1 along with their Age  genl  gen2  gend  fp-index
publication dates, citation gener-
ation counts and fp>-index values ! 14 3 2 1 0356
and (b) The authors of the papers P2 13 1 0 0 0.143
along with the papers each author  p, 13 1 2 0 0.214
has co-authored, thf: age rangg of P, 13 1 9 0 0214
the papers along with the fa’-in-
dex values for the authors for Ps 12 0 0 0 0.077
year 2014 Pg 11 2 0 0 0.250
P, 10 0 0 0 0.091
()
Papers Age range fa*-index
Ay P Ps Ps 11 14 0.227
A, P, P, Ps Py 10 14 0.228
As P, P; P; 10 13 0.149
Ay P Py 13 13 0.214
As Ps 12 12 0.077

(b)
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the H* definition are counted for, but for the fas‘-index the citation generations should be
constructed in the way described in “Generations of self-citations” section.

The fas*-index is always smaller than or equal to the fa*-index of an author. The two
indices are equal only when the author has zero self-citations in his first three generations
of citations.

Application of the fa* and fas* indices

We present an example of the application of the fa* and fas* indices on the Paper-Citation
graph of Fig. 1 in order to demonstrate the differences in the calculated scores for the
authors included in the graph. The graph consists of seven papers that have been co-
authored by five distinct authors. The graph also includes the publication year of each
paper from which we calculate its scientific age with regards to 2014. Table 10a presents
the papers listed in alphabetical order based on their name, the scientific age of each paper,
the genl, gen2 and gen3 citation counts and the fp*-index for each individual paper.
Table 10b presents the papers each author has participated in along with the fa*-index
value for the author calculated by Eq. 4.

In Table 11, we can see the citation generations for each (author, paper) pair. The
citation generation counts are presented with all self-citations excluded, which is the
reason why for the same paper the counts vary from author to author. With these new,
refined citation counts the fp’-index of the papers is calculated again and the results are
presented in Table 11.

Table 12 presents the authors with the papers in their Publication Record along with the
age range of the papers and the fas*-index for each author. For the calculation of the fas’-
index Eq. 4 was used with the fp>-index values presented in Table 11, where self-citations
have been removed from the citation generation counts.

Comparing the calculated values for fa* and the fas® indices of the authors, we observe
that the author scores become lower when removing self-citations. The calculated value for
author A5 remains the same since he has already received the maximum value for the single

Table 11 The (author, paper)

pairs included in Fig. 1, along Author Paper age genl gen2 gen3  fp’-index
with the age of the papers, the
genl, ge2 and gen3 citation gen- Al Py 14 3 0 1 0.310
eration counts (self-citations are Ps 12 0 0 0 0.083
excluded) and the fp*-index value P 11 1 0 0 0.182
of each paper per author A P, 14 2 1 0 0250
Py 12 0 0 0 0.083
Pg 11 1 0 0 0.182
P, 10 0 0 0 0.100
A3 P, 13 1 0 0 0.154
P; 13 1 1 0 0.192
P, 10 0 0 0 0.100
Ay P; 13 1 2 0 0.231
Py 13 1 2 0 0.231
As Ps 12 0 0 0 0.083
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Table 12 The authors of the papers along with the papers each author has co-authored, the age range of the
papers along with the fas3-index values for the authors for year 2014

Papers Age range fas3-index
Ay P, Ps Ps 11 14 0.192
A, P, Py Pg P; 10 14 0.154
Az P, Ps3 Py 10 13 0.149
Ay Ps Py 13 13 0.231
As Ps 12 12 0.083

paper that he co-authored 12 years ago and which has attracted no citations. In addition, the
value of author A4 also remains constant since none of the citations received belongs to
papers co-authored by A4. The values for authors A, A, and A; are lower and the cal-
culated value for A; has the greatest drop since she has received many self-citations. The
exclusion of self-citations from the citation generation counts can severely affect an
author’s score.

Comparative study

In order to compare the indicators discussed in this paper, we performed a comparative
study utilizing the citation data provided by DBLP, a Computer Science Bibliography
database that provides an online index of scientific publications. The underlying data is
formatted in XML and is released under the ODC-BY 1.0 license. The XML formatted file
can be downloaded from the DBLP website. PHP (DOM extension) was used in order to
parse the XML file and store the data in a relational DBMS (MySQL) for easier retrieval
and access.

DBLP data

The different types of publications included in the DBLP dataset are presented in (DBLP)
and mainly include articles (published in a journal or magazine), papers from conferences
or workshops and Proceeding volumes. Other publication types, like authored monographs,
parts or chapters in a monograph, PhD and master theses, are also included but in smaller
numbers.

Like in previous studies (Sidiropoulos and Manolopoulos 2005; Fiala et al. 2008), we
chose to only consider articles and papers in our study. During parsing, we considered
records to be complete if apart from the DBLP Key (uniquely identifies a publication
within the DBLP dataset), they also provided a Title, Year of Publication and a list of
Authors.

It is worth noting that DBLP uses the WWW record type to provide details about a
particular author, such as the list of synonyms of an author’s name. DBLP’s methodology
of identifying and mapping authors to their respective publications is described in dpl
(2009). For the purposes of our study we have not made any attempt to identify any author
type synonyms or distinguish between authors with the same name. This means that
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metrics presented for some authors may be misleading since publications of two authors
with the same name are attributed to a single author.

Finally, wherever available we also considered the List of References for each publi-
cation, which essentially is a list of publication keys. Each key uniquely identifies a
publication in the DBLP database and is a reference to the actual publication record.
Table 13 presents the data imported from the XML file along with some statistics about the
corresponding numbers of authors and references. With regards to the number of refer-
ences, we observe that most publications do not provide references to other publications.
This means that if we were to represent the dataset as a citation graph we would indeed
have most of the publications appear as isolated nodes with no incoming or outgoing edges.
Thus, we decided the citation graph to include all journal articles and conference papers
that provide at least one reference to any other publication or receive at least one citation
from any of the publications in the original dataset. This data was then extracted to a
different database and Table 14 displays the summary statistics.

We observe that the number of publications that provide references to other publications
included in the data-set is smaller than the number of publications that receive citations.
This means that the publications that include references, reference more than one publi-
cation each (not necessarily of the same type).

For the remaining of this paper, we will not distinguish between the two publication
types, i.e., Article and InProceedings, and we will refer to all publications included in the
Paper-Citation graph as papers.

Paper indicators

From the fp*-index definition it follows that the indicator values can vary depending on the
number of citation generations considered in the calculations. As previously mentioned, we
argue that three generations of citations are adequate in producing an fp*-index value that is
representative of the accumulated impact of a particular paper, but as part of our analysis
we recursively calculated all generations of citations included in the graph according to the
definition of generations we defined earlier. These values were stored in a separate Medal
Standings Output (MSO) table in the relational DBMS and are presented in Fig. 5.

The generations present in the citation graph are displayed on the x-axis of Fig. 5. On
the primary y-axis we plot the number of papers that have received at least one citation of
the specified generation, and, on the secondary y-axis, we plot the total number of citations
per generation.

We notice that the Publications series starts high with many papers receiving a gen-1
citation. The values gradually reduce to eventually reach O for generations 29 and 30, since no
paper in our citation graph is part of a citation path of that length. With regards to the total
number of citations for each generation, we notice that the number increases substantially
from generation 1 to generation 5 and then it decreases down to O for generations 29 and 30.

Table 13 Imported DBLP records per publication type along with the percentage compared with the
original set of publication records

Publication type # Records No authors No references

# Records % Total # Records % Total
Article 1308552 6565 0.50 1306765 99.86
In proceedings 1641467 2419 0.15 1640414 99.94
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Table 14 Records included in the Citation Graph along with the number of references provided and
citations received. The table also presents the total number of co-authors and the distinct count of authors
per publication type

Publication type Count # Publications with Authors
References Citations Count Distinct
Article 8087 1767 7406 17646 8304
In proceedings 12786 6177 10912 30473 11487
. —— Publications
2 Citations
I~ 5000000
15000 —
— 4000000
10000 — 3000000
— 2000000
5000 —
— 1000000
0 — 0
T T T T T T T
0 5 10 15 20 25 30

Fig. 5 Summary statistics of the publications included in the Paper-Citation graph and the citations
received for each generation of citations identified

Following the analysis of the citation graph, we selected a list of indicators to be
implemented and compiled against the citation database. A description of each of the
indicators considered in this study can be found in the following paragraphs.

Number of Citations (NC)
The Number of Citations is perhaps the most widely used indicator for the assessment of

papers. It has been used in many studies and its main benefit is that is easily calculated for
each publication. It is generally defined as the number of citations received by a given

paper.
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Contemporary h-index score (h°-index)

The contemporary h-index (h°-index) is an author based indicator proposed by Sidir-
opoulos et al. (2007) and it is a variation of the well known A-index indicator. s-index uses
the number of citations received by the publications a particular author has (co-) authored
and is defined as follows:

An author has index £, if h of his/her N, papers have at least A citations each and the
other (N, — h) papers have no more than A citations each.

Contemporary h-index builds on this concept but instead of using the number of cita-
tions received by a publication it calculates a score for the publication that also considers
its scientific age. All papers in the publication record of the researcher are listed in
descending order based on the scoring function

Si:y-(ni’—s—l)_é-xi (5)

In the scoring function, y is an arbitrarily chosen coefficient so that the resulting 4°-index is
not too small. In Sidiropoulos et al. (2007), y was selected to be 4. In addition, o defines the
strength of the time penalty. The greater the value of ¢ the more the age of a paper reduces
its score. The h°-index is then defined as the largest number A#¢ such that the value of the
scoring function for that paper is greater than or equal to iA° and the remaining N — h¢
papers have a score of no more than h“ each.

SCEAS rank

The SCEAS indicators (Sidiropoulos and Manolopoulos 2005) consider both the direct and
indirect impact of citations by following an approach similar to PageRank whilst trying to
minimize some of its side effects. According to the authors, the proposed score meets the
following two conditions: (a) the factor that should have the greatest influence over the score
of a particular paper should be the number of direct citations and, (b) the addition of new
citations in the Paper-Citation graph should have a greater effect in the scores of nearby
rather than distant papers. The SCEAS 1 scoring for papers in given by the following formula:

Si+b _,
S Z T (a>1,b>0) (6)
where, S, is the score of the current paper (paper a), S; is the score of the individual papers
directly citing paper a, N; is the total number of papers cited by each paper i, b denotes the
direct citation enforcement factor (which controls the effect that direct citations have to the
calculated score) and a denotes the speed with which an indirect citation enforcement con-
verges to zero.

The authors also propose a generalization of the above formula (SCEAS 1) and the original
PageRank algorithm that introduces a dumping factor in the SCEAS rank (SCEAS 2):

S;+b _1
Sa:(l—d)+d.ZTia (a>1) (7)
PageRank
The PageRank score has also been calculated for the citation graph. As previously men-

tioned, PageRank in its Base form uses a damping factor of 0.85 as defined by the original
authors. In bibliographic networks a damping factor of 0.50 has also been used.
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In the calculations presented in the rest of the paper, we will be showing four different
rankings for the PageRank indicator, two for the Base version and two for the Normalized
one (with damping factors of d = 0.50 and d = 0.85).

Author indicators

In the Citation graph database, we also hold information about the list of co-authors for
each paper. Using the list of co-authors it is possible to generate the Publication Record of
each author, and, then, using the values generated from the paper indicators for each
individual paper, we can calculate the corresponding values for the author indicators.

We should mention, though, that the Publication Record for each author is far from
complete since the DBLP database does not contain the complete list of papers for the
examined authors. In addition, we do not distinguish between authors with the same name,
S0, it is possible that papers from two or more authors have been attributed to the same
person. For these reasons, we do not consider the rankings presented later in this section as
the absolute rankings of the authors but as indicators of the relative position that authors
with the given publication records would achieve using each of the author indices under
scrutiny.

Figure 6 presents some summary statistics about the authors that have (co-) authored the
papers of the citation graph. The generations are displayed on the x-axis. On the primary y-
axis we plot the number of authors with at least one publication that has received at least
one citation of the specified generation and on the secondary y-axis we plot the total
number of citations per generation received by all the papers the authors have co-authored.

3 —— Authors
14000 — S ] e Citations
- 10000000
12000 —
- 8000000
10000 —
8000 - 6000000
6000 —
- 4000000
4000 —
- 2000000
2000 —
0 -0

Fig. 6 Summary statistics of the authors and the citations received for each generation of citations identified
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The numbers of citations appear to be higher than the ones presented in Fig. 5, but this is to
be expected since a publication with several co-authors will have its citations accounted for
more than once.

We selected a number of author specific indicators to implement and compile against
the citation database, a description of which can be found in the following paragraphs.

Number of Citations (NC)

In “Paper indicators” section, we presented the Number of Citations (NC) as an indicator
for a single publication. The Number of Citations (NC) has been defined as the total
number of citations received by all the papers a researcher has (co-)authored during his
whole scientific career. The total Number of Citations (NC) has also been referred to as the
s-index (Eck and Waltman 2008) and the c-method (Qiang 2010).

Using the values calculated by the Number of Citations indicator we can also produce a
ranking for an author as follows: for a particular author, retrieve his/her publication record
along with the number of direct citations received by each paper, which is now the score
received by the author. All authors are then listed in descending order based on their
cumulative citation count for all of their papers and this ordered list is then used to produce
the ranking for the authors in the citation graph.

Mean number of citations (MNC)

The mean number of citations received by the papers the author has (co-) authored during
his whole scientific career (Hirsch 2005, 2007; Costas and Bordons 2008) is expressed as

N
@ N>1 (8)

MNC =
N ) jl

where x; is the number of citations for paper i, and it is defined only when the researcher
has (co-)authored at least one paper. It has also been referred to as the m-method (Qiang
2010). Here, the cumulative count of citations received by the publications included in the
Publication Record is divided by the number of publications to produce the mean number
of citations for the papers an author has co-authored.

h-index

See “Paper indicators” section for the h-index definition

g-index

For the calculation of g-index, the papers in the publication record are listed in descending
order based on their citation count. Then, the g-index is defined as the largest number g of
papers that have together received at least g2 citations (Egghe 2006). The g-index uses the
cumulative sum of the citations received by the papers of the researcher.

Contemporary h-index (h°-index)

See “Paper indicators” section for the Contemporary A-index (h°-index) definition.
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SCEAS Rank

See “Paper indicators” section for the SCEAS rank definition. In the original paper
(Sidiropoulos and Manolopoulos 2005), the author ranking is produced as the average
SCEAS score of an author’s papers. It is worth noting though that the average is not
calculated across the full Publication Record for an author but using the top 25 publications
from the author’s publication record. When an author has less than 25 papers in the Paper-
Citation graph, we consider all of them in the calculations of the SCEAS rank.

PageRank

See “Application and comparison of fp*-index with Number of citations (NC) and
PageRank” section for the PageRank definition. As with SCEAS rank, we calculated the
PageRank of an author based on the average PageRank of a set of publications from the
author’s publication record. The rankings produced for PageRank use either the Base or
Normalized version of PageRank, with a damping factor of either 0.50 or 0.85, and the final
ranking is based either on the full publication record of an author or his/her top 25 papers.

Experimental results
Paper indicators

For each indicator discussed we have calculated the raw value for the indicator as well as
the ordinal ranking of all papers included in the citation graph. Since the values produced
by each indicator do not always provide enough granularity for each paper to receive a
distinct ranking, we assign a ranking based on the following rules. For all papers with the
same value, we sum the ranks they would have been assigned if their values were distinct
and divide by the number of papers with the identical score. All papers examined are then
assigned the same score.

Table 15 shows the number of distinct values produced by each indicator for the 20873
papers included in the citation graph. We observe that the indicators that only consider the
direct impact of a publication in their calculations have low granularity, with the Number

Table 15 Number of distinct values generated by the paper indicators

# Distinct values

Direct impact Number of Citations (NC) 144
Contemporary h-index score (h“score) 929
Indirect impact PageRank Base, d = 0.50 (B50) 11,365
Base, d = 0.85 (B85) 11,251
Normalized, d = 0.50 (N50) 9150
Normalized, d = 0.85 (N85) 11,344
SCEAS SCEAS 1 11,687
SCEAS 2 10,293
fp’-index 6776
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Table 16 Top 10 papers based on the fp’-index indicator

Paper Year fp> NC h¢ SCEAS PR Citation counts Max

1 2 B and N gl g2 23

50 85

Codd70 1970 1 2 2 1 1 1 1 580 3150 2580
Astrahan 1976 2 9 13 5 7 4 4 239 2653 2991
BCEGGKLM

MPTWW76

Stonebraker 1976 3 11 15 8 8 7 6 228 2490 2924 7
WKH76

Chen76 1976 4 1 1 2 2 2 2 604 1583 2471 8
SelingerACLP79 1979 5 3 3 4 4 5 7 370 1671 2541 9
Stonebraker75 1975 6 255 49 17 17 17 15 140 1815 3394 8
tods/SmithS77 1977 17 5 6 8 313 1672 2690 9
tods/Codd79 1979 8 7 8 9 9 10 12 280 1623 2491 8
EswarranGLT76 1976 9 4 5 3 3 3 5 326 1180 3304 8
Cod72 1972 10 17.5 40 11 11 11 9 170 1620 3662 8
Best rank 1 1 1 1 1 1 1

Worst rank 10 255 49 17 17 17 15

Median 55 6 7 55 6 55 65

SD 29 74 159 46 46 46 4.1

The table includes the positions these papers have received in the rankings of all other indicators described
in section “Paper indicators” along with the citation counts for their first three generations and the length of
their longest citation path. In this table the PageRank Base and Normalized produce the same rankings

of Citations (NC) producing 144 distinct values and the Contemporary h-index score (h¢
score) 929.

The PageRank variations provide more granularity with distinct values ranging from
9150 (for the Normalized version with d = 0.50—PageRank N50), to 11365 (for the base
version with d = 0.50—PageRank B50). The convergence criterion was set to 0.000001
for all four versions of PageRank and for the Base version the algorithm required 15
iterations for d = 0.50 and 19 iterations for d = 0.85. For the Normalized versions, 9 and
10 iterations where performed for the damping factors d = 0.50 and d = 0.85, respec-
tively. SCEAS1 and SCEAS2 produce 11687 and 10293 distinct values, respectively.
Finally, the fp*-index produces 6776 distinct values.

In Table 16, we present the top 10 papers based on the ranking produced by the fp3-
index indicator, along with the rankings these papers hold in the ranks of all the paper
indicators described in the previous section. Each paper is usually referred to by the last
part of its DBLP key (i.e. Chen76) or if that does not provide sufficient information to
uniquely identify the paper within the citation graph, we have also included the second part
of the key (i.e. tods/SmithS77). In the same table, we also present the citation counts for the
first three generations, calculated using the H* definition, along with a column that reports
the longest citation path for each paper.
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The top 10 papers according to fp*-index populate high positions on all indicator
rankings. In particular, there seems to be an agreement across all indicators that Codd70 is
the most influential publication and it populates either the Ist or 2nd position on all
rankings. All the indirect indicators seem to agree that it should be the top paper, whereas
the direct impact indicators (NC and A¢-index score) seem to place the publication at the
second position, since it has received less direct citations than the Chen76 publication (580
vs. 604).

In general, the paper from the top 10 listing that populates the lower position in the
other ranks is Stonebraker75 that holds the 6th position in fp3-index but populates positions
15-49 on the other ranks (still very high positions in the overall ranking but not part of the
top 10 publications). The lowest positions are assigned by the Number of Citations (NC)
and the Contemporary A-index score (25.5 and 49 respectively), which is to be expected
since there are papers with more direct citations included in the graph. This again high-
lights the effect that indirect citation counting can have on the rankings produced by the
indicators.

With regards to the four versions of PageRank and the two different damping factors, it
seems that the damping factor has had a stronger influence for these top 10 publications
than whether we considered the total number of publications or the dangling nodes in the
graph, since if we look at the ranking positions they follow the same pattern for the same
values of the damping factor. In some cases the four rankings are in agreement (Codd70,
Chen76 and AstrahanBCEGGKLMMPTWW?76), whereas in others the base version ranks
the papers higher (SelingerACLP79) or lower (tods/SmithS77).

In Table 17, we present the Spearman rank correlation matrix for all the combinations of
paper indicator ranks. For each indicator, the bottom two rows of the table report the
indicators that have the highest and lowest correlation with the indicator under scrutiny.
fp3-index has the highest correlation (0.8468) with the Number of Citations and the lowest
(0.7433) with SCEAS2. All other indicators appear to be less correlated with fp*-index

Table 17 Spearman rank correlation matrix for the paper indicators

1w NC PageRank
he SCEAS Base Normalized
1 2 50 85 50 85
e 1.000 0.847 0.792 0.749 0.743 0.763 0.797 0.756 0.795
NC 0.847 1.000 0.961 0.893 0.892 0.893 0.891 0.892 0.892
h¢ 0.792 0.961 1.000 0.847 0.848 0.845 0.834 0.847 0.836

SCEAS1  0.749 0.893 0.847 1.000 0.999 0.999 0.993 0.991 0.993
SCEAS2  0.743 0.892 0.848 0.999 1.000 0.999 0.991 0.991 0.992
PRB50 0.763 0.893 0.845 0.999 0.999 1.000 0.996 0.990 0.997
PRB85 0.797 0.891 0.834 0.993 0.991 0.996 1.000 0.984 0.999
PRN50 0.756 0.892 0.847 0.991 0.991 0.990 0.984 1.000 0.985
PRNS85 0.795 0.892 0.836 0.993 0.992 0.997 0.999 0.985 1.000

Top Cor. NC k' NC  SCEAS2 SCEASI SCEASI PRN85 SCEASI PR B85
Low Cor. SCEAS2 f*  fp  f’ w Vs 1’ v Vi

Bold values on the diagonal of the Table are always set to 1.0 and represent the correlation of a variable with
itself
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Table 18 Number of distinct values generated by the author indicators

# Distinct values

Direct impact Number of Citations (NC) 368
Mean number of Citations (MNC) 939

h-index 24

g-index 39

h¢-index 466

Indirect impact PageRank Base, d = 0.50, All (B50A) 8125
Base, d = 0.50, Top (B50T) 8127

Base, d = 0.85, All (B85A) 8003

Base, d = 0.85, Top (B85T) 8007

Normalized, d = 0.50, All (N50A) 7271

Normalized, d = 0.50, Top (N50T) 7268

Normalized, d = 0.85, All (N85A) 8218

Normalized, d = 0.85, Top (N85T) 8220

SCEAS SCEASI1 8413

SCEAS2 7239

fa? fa*-index all 7532

fa’-index top 7531

fas® fas3-index all 7515

fas3-index Top 7515

Table 19 Top 10 authors

according to the fa’-index along Author Publication year

with the year of first and last First Last Publication count

publication included in the data-

set and the total number of Vera Watson 1976 1976 1

publications .
Daniel Frank 1986 1986 1
C. G. Hoch 1987 1987 1
E. C. Chow 1987 1987 1
H. P. Cate 1987 1987 1
J. W. Davis 1987 1987 1
T. A. Ryan 1987 1987 1
Christopher L. Reeve 1980 1981 2
Paul R. McJones 1976 1981 3
Patricia P. Griffiths 1976 1976 4

whereas the strongest correlation appears to be shared between the SCEAS1 and SCEAS2
scores with both of them reporting values of 0.9999. It is also worth noting that both the
Base and the Normalized version of PageRank with a damping factor of 0.50 appear to
have the strongest correlation with SCEASI, in contrast to the Base and Normalized
versions of PageRank with a damping factor of 0.85 that report a high correlation amongst
themselves.
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Author indicators

Table 18 shows the number of distinct values produced by each indicator for the 15862
(co-) authors of the papers. We observe that, in general, the direct indicators have low
granularity, with h-index generating only 24 distinct values and the Mean number of
Citations (MNC), the most granular in this category, 939 distinct values. The indirect
indicators, in general, produce many more distinct values ranging from 7239 for SCEAS2
to 8413 for SCEASI1. All other indirect indicators produce distinct values that fall in
between the previous two counts.

In Table 19, we present the top 10 authors based on the fa*-index along with some
summary information about their Publication Record. For each author, we note the year of
their first and last publication included in the set along with their total number of
publications.

In Table 20 we present the rankings of the top 10 authors according to the fa’-index
along with their corresponding ranks for the list of direct and indirect impact author
indicators.

The Mean number of citations (MNC) also places these authors in high positions that
range from 1 to 24.5. The h-index, g-index and A°-index indicators place the authors further
down the ranking list with the worst ranks being close to the bottom of the list (14,733 out
of 15,862 authors for i¢-index). These differences are to be expected since most of these
authors have just one publication and based on these indicators definitions their corre-
sponding values and, therefore, rankings can not be high.

We observe that when looking at the rankings produced by the indirect impact indi-
cators, the rankings of the authors have improved considerably, now ranging from posi-
tions 1 to 84. In particular, there are two authors that the indicators place in lower ranks,
Daniel Frank (rankings range from 2 for fa’-index to 84 in SCEAS2) and Christopher L.
Reeve (rankings range from 8 in fa’-index to 36 for the Base and Normalized versions of
PageRank with a damping factor of 0.85 and whilst using the top 25 publications per author
in order to produce the ranking).

The indicators appear to be in agreement for the remaining 8 authors that are placed in
positions 1 to 19, whereas, all indirect impact indicators seem to agree that the most
influential author in the citation graph is Vera Watson, even though she has co-authored
only one paper titled “System R: Relational Approach to Database Management” and
published in 1976. The particular paper has been co-authored by Vera Watson and 13 other
authors all of which have more than one papers included in the Paper-Citation graph
(publication record counts range from 3 to 46). It is very interesting to note that all
indicators place these authors further down the ranking list with maximum three authors
appearing at the different top 10 rankings across all examined indicators. This leads us to
assume that all the indicators examined are indeed sensitive to the number of publications
included in the publication record of an author. It is also worth noting that the fa* and fas®
rankings of the authors are identical. This is to be expected for all the authors with only one
publication, since they cannot receive a self-citation.

In order to present some comparative results with the ones found in the literature when
the DBLP data-set is being used, we present the SIGMOD Edgar F. Codd Innovations
Award winners (1992-2004) rankings in Table 21. Almost all of these authors do have a
publication record that includes more than 25 publications, thus, looking at the rankings
produced by fa*-index, we observe that using the top 25 publications improves the rankings
of almost all the authors in Table 21.

@ Springer



Scientometrics (2016) 106:657-694

690

6vIT TOIT #S9€ 9TPl LL9¢ 86l  +'€6 609 SYEL 9She THL 6LLT €809 ILT 9659 as
g1 sTr 81t 601  8Ic 80T  SLT S9I ¥I 81t C¢c 081  8Sv OLT  OSH UeIpII
1L 0L 181  STe 161 Lgce  TIT  TCl §'691 2901 €S 19§ +¥T¥T SIS  6hET JUe ISI0M
81 61 1€ €T 1€ ¥T I I I 16 I 0z €I 61 901 juea 3sog
LST 791  ¥88  8ICT 8.8  0CC (AT} 6  6Lb 8 681 TIOL OLL  TL6 L6 6661 €861 [n0gaIqYy 93108
86C  €6C 89T STt 19C  TCt SLIT SSL §S9T 0SS 06 €6 CC9 €6 179 0€ 6661 0L6I Tokeq Jropmy
gt sTr o 8IT 601 81z 801  SLT  S9I vI  8Ic Tc 081  OSy 081 0S¥ It 8661 9L61 uige] preuoy
LOT 80T 965  O€I 16 0l L Tl ¢S 8% €I [1S  Thvl  98%  66€l 68 000C €861 [eMEISY ysoyey
0 IS s0T 96 S0T 9 $6 S v T S 0S 6I€ 6 8¢ 69 6661 SL6I usuieg v dijyd
91 ST oCl  6C1 0TI 6Cl  TIl TZl §S91 901 €  ObC  €C Ove  €TC LT 8661 6L61 Iogulfes D erommed
0¢ 1€ Tste 8¢  L¥T 6T T I I T8¢ I 0c 9g€ 61  Ltg I€] 6661 TL6I  JOYRIGOUOIS [QBYOIA
81 61 79 €T 79 ¥o  S6l v ! 86 v 68  ¥8CT S8 T8¢ 9  000C SL6I Kern wip
L€ Opl  L8TI  L81 l6Tl 881  SLI 9l I 7901 0l 19  V¥eve SIS 6¥ET SST 000 8L6I  BUIOIN-BIOIED) JOJOOH
IS 6 3 €€ 3 €€ IS 7€ SoL 16 1Tt 0Tl €Il €11 90l ST 000C tL6T uIIequEyD " preuod
901 101 0Ts 81T SIS  9II 9 ¢8 SIz w6 Tl €Wl SpL 1¥I 7L 9L 000T 8L6I IR PIAEQ
o Iy 88C 19  06C 19 I 4 ST 10T 4 LS 8y Ly 8¢¥ S6 000C 8L6I MMSd [ piaeq
1Lz O0Lc SI8  STe 618  LTE  S6C S9T  SIT  v9S €€ 6LT 976 S9T 168 86 6661 861 UBYOIN D

T I VS8 188 VS8 IS8 3 Yy ONWN ON  dor nmvy dor v I8 8 QRN

SVHDS wioN aseq Sof 2f yunop Ieo X
yueyaSed suonedrqng oyiny

sSunyueI ($)0Z-7661) SIPUUIM pIeme suoneAouur ppo) J 1e3pg dONOIS 1T d1qel

pringer

Qs



691

657-694

Scientometrics (2016) 106

Gz dof saouap I, B pue j7}/ S9)0Udp IOJEJIPUI UE JO dureu o) o) papuadde v uy

JIOSI (IIM J[qELIBA B JO UOTIE[OLIOD 9y Juasardor pue ()T 0) 13s sAem[e oIe 9[qe], 9y} JO [BUOSBIP 9y} UO San[eA pjog

M M M M M i M M M M M M M Mosof gof sof M A 10D Mo
ISSN  VSSN  IOSN VOSN  Is8d vssd 10sd  vosd
Lesof  vesof  Lepf Vel 1SVADS  TSVADS ¥qd ad ad qd ad ad ¥qd ad 3 q 3 DN ONW 10D dog
000 6660 S660  S6610 SL9°0 7890  YELO  YELO  b¥690  S69°0  9EL0  LELO 8690 8690 0SSO €290 1190 I€8'0  €SL0 v stf
6660  000T S660  S6610 9L9°0 €89°0  YELO  SELO  0S690 9690  LELO  SELO 8690 6690 1SS0 9790 €190 TE0  HSLO Lesof
S660  S660 000 86660 1890 889°0 6€L0  6£L0 T6690 00L0  THLO THLO €0L'0  YOLO OLSO I¥90 890 TE80  €LLO v of
S660  S660 6660  000'T 7890 6890  6€L0  OPLO L6690 10L0  THLO €VL0  FOL'O  LOLO TLSO €490 0€90 €€8°0  SLLO L
SL90  €L90 1890 7890 0001 6660 0660 1660 6860 6860 0660 6860 8660 6660 0950 SE90 vZ90  SHSO  89L0 T SVADS
7890 L7890 8890 6890 6660 0001 7660 €660 6860 6860 T660 660 6660 6660 0950 SE90  vT90  LFSO  69L0 1 SVADS
YELO  VELO  6EL0  6EL0 066'0 660 000 6660  ¥860 Y860 6660 6660 9660 9660 TSSO €€9°0 €790 TSSO 69,0  VSSN ¥d
YELO  SEL0  6€L0  OVLO 166'0 €660 6660 0001 860 860 6660 6660 9660 9660 FSSO  9€9°0 9790 TS0 ILLO  LSSN ¥d
Y690  S690 6690 6690 6860 76860 ¥860 ¥860  000T 6660 €860 €360 6860 6860 6SS0 6£90 9790 TSSO TLLO  VSSH ¥d
$690 9690 6690  10L0 6860 6860 7860 ¥860 6660 000 €860 €860 6860 6860 1950 P90 6790 TSSO €LL0  1s8d ¥d
95’0  LELO  THLO  THLO 0660 660 6660 6660 €860 €860 000 6660 9660 9660 ISSO  SE90 €290 IS80 OLLO  VOSN ¥d
LELO  SEL0  TWLO  €HLO 0660 660 6660 6660 €860 €860 6660 000 9660 9660 ¥SSO  LE90  9T90  IS80  TLLO  LOSN ¥d
8690 8690 €0L0  ¥OLO 8660 6660 9660 9660 6860 6860 9660 9660 000T 6660 9SS0 €€9°0 TZ90 8¥80 OLLO  VOSH ¥Md
8690 6690 +0L0  SOLO 6660 6660 9660 9660 6860 6860 9660 9660 6660  000T 8SSO  9€9°0 STY0  6¥80 OLLO  10SH ¥Md
0SS0 1SS0 0LS0  TLSO 0950 0950 TSSO YSSO  6SS0 1950 1SS0 PSSO 950 8SSO 000 LSLO  €PLO  $L90  9PLO M
€290 9790 I¥90 €490 $€9°0 SE90  €€90  9€90  6€90  THOO  SE90  LEYO  €€90  9€9°0 LSLO 000 €¥60  61L0 €80 g
1190 €190 8790  0£9°0 ¥29°0 Y290 €290 9290 9790 6290 €290 9T90 TT90  STY0 €KL €460 000  L690 60870 i
1€80  TEY0 TE80  €£8°0 SH8°0 LP80 TS0 TS0 TS8O TS8O 1SS0 1SS0 SY80  6V80 8L90  61L0 L690 000  +68°0 ONIN
€SL0  ¥SLO  €LLO  SLLO 89L°0 69L0  69L0  ILL'O  TLLO  €LLO  OLLO TLLO 89L0  OLLO 9VL0  €¥80 6080 ¥680  000°T ON
A4 L v L 4 1 VeS8 LS8 VO¢S L0¢S VeS8 LS8 S L10¢
Sof e SVHDS pazIfeutioN oseq
yueyesed yueyesed
SIOJEOIPUI Paseq JOoyIne oY) I0j XLIeUWl UOTR[ALI0d yuel ueuleddS 77 d[qel

pringer

As



692 Scientometrics (2016) 106:657-694

As a whole, the authors included in Table 21 rank higher in the direct impact indicators
with positions that range from 1 to 122. The Mean number of citations is the only direct
impact indicator that places the authors further down the ranking list with assigned posi-
tions ranging from 91 to 1062.

Regarding the indirect impact indicators, the authors rank higher when we only consider
their top 25 publications. In particular the authors hold higher positions in the SCEAS 1
and 2 ranks, followed by the rankings produced by PageRank (d = 0.85, base and nor-
malized for the top 25 publications), followed by the fa*-index (again when using the top
25 publications). The indirect indicators that use the full publication record for these
authors place them in lower positions in their ranks.

Finally, the Spearman rank correlation matrix of the author indicators is shown in
Table 22, where, we can see that there is a positive correlation among all indicators. The
direct impact indicators present their highest correlation with other direct impact indicators
and the lowest correlations are split between the 4¢ and fas®-index indicators. Similarly, all
indirect impact indicators are highly correlated with their variation (A vs. T). All indirect
impact indicators report their lowest correlation with the Contemporary h-index indicator
(h¢-index).

Conclusions

In this paper, we presented three new indirect indicators that can be used for scientific
evaluation. The first one applies to papers (fp*-index) and the remaining two can be used
for the evaluation of an author (fa*-index when ignoring self-citations and fas*-index when
excluding self-citations). The indicators are based on the paper, the most fundamental
entity of citation analysis. Papers are connected with other papers either directly (via the
references list) or indirectly via one or more citation paths of varying lengths. An indirect
citation between a source paper and a target paper exists if there is a citation path of length
greater than one that connects the two papers. Citations provided by citation paths of the
same length are considered to belong to the same generation.

The generations of citations are defined in such a way that citations closer to the target
paper are considered more important. Papers provide indirect citations of greater genera-
tions only if they have not been included in a generation of lower rank (thus representing a
stronger relation with the target paper) and if they have not yet been considered in the
current generation. This follows the H® definition for citation generations. The fp*-index
value of a paper is then calculated by the weighted sum of the first three citation generation
counts normalized by the scientific age of the paper. The fp*-index score represents the
direct and indirect impact of the paper and reflects the value of a paper. If the paper ceases
to receive citations its value eventually declines over time.

Both the new indirect indicators for evaluating authors, i.e., the fa and fas indices, are
calculated as the average fp*-index value of the Publication Record of an author. The
difference between the two is that the fask-index also accounts for self-citations, which are
excluded for each individual (paper, author) pair when constructing the citation generations
for the calculations of the fp*-index scores.

As demonstrated by the comparative study and experimental results, the indicators
depend on the number of publications included in the Publication Record of an author
when one considers cases where a very high impact paper is the only publication an author
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has (co-) authored. We have also demonstrated that the indicators can be used to distin-
guish between authors with similar publication records but different scientific age spans.

We believe that all three indicators take advantage of the indirect citations in order to
better distinguish authors with different Publication Records in a way that can be focused
at a specific section of the Paper-Citation graph and to a specific author. The calculations
require partial knowledge of the graph, which may even be acquired manually, although
we do consider this task to be labor intensive for authors with large Publication Records
and a vast number of citations. More investigation into the applications of the indicators to
real citation data, while considering different citation depths and varying number of papers
included in the Publication Record of an author, should better reveal the strengths and
possible weaknesses of the proposed indicators.
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