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Abstract. To this day the analysis of citations has been aimed mainly
to the exploration of different ways to count them, such as the total
count, the h-index or the s-index, in order to quantify a researcher’s
overall contribution and impact. In this work we show how the consideration of the structured metadata that accompany citations, such as the
publication outlet in which they have appeared, can lead to a considerably more insightful understanding of the ways in which a researcher has
impacted the work of others.
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Introduction

Academia is competitive by nature. Researchers strive to make the greatest
breakthrough, attract the most lucrative funds, obtain the highest awards and
achieve the greatest impact. More so now than before, this effort is not related
just to excellent accomplishment but even to the very survival of the researcher
in academia. Of course, this keep achieving or be ignored, or “publish or perish”
as it is usually referred to, approach has its downside. The more a researcher’s
output is linked to their survival, the more bias they will have in assessing and
presenting their work [1].
As a result, we have now reached a point where publications, once the best
indicator of the value of a researcher’s work [2], need to be examined with a grain
of salt [3][4]. Publication records can be skewed in size [5], by publishing multiple
similar papers, by splitting one work in multiple incremental publications, by
exchanging gratuitous co-authorships, by repeating the same work with different
datasets [6] etc, as well as in direction, by carefully selecting titles and masterfully
penning abstracts to highlight relevance to one scientific field or another [7].
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It is then only normal that we look not only at the publications of researchers,
but increasingly also at their impact, as shown by their citations [8]. Of course,
citations can also be skewed [9]. In fact, it has already been discussed that the
way citations are currently examined is not sufficient [10]. In this paper we look
deeper into citations, taking advantage of citations’ metadata in order to achieve
a better understanding and quantification of researhers’ impact. Specifically, we
focus on the publication medium in order to best estimate the fields of science
that each work impacts.
A paper discussing similar ideas but focusing mainly on the visualization
of the results has been presented at the 9th International Workshop on Semantic and Social Media Adaptation and Personalization [7]. A broader paper
incorporating some of the ideas of the current work but focusing mainly on the
presentation of an integrated working system is currently under consideration
for publication in a special issue on “Keyword Search in Big Data” in the LNCS
Transactions on Computational Collective Intelligence journal.
The remainder of this paper is organized as follows: In section 2 we discuss
existing approaches to the assessment and quantification of scientific impact.
Continuing, in section 3 we discuss the types of information that can be mined
from citation metadata and in section 4 we present a comprehensive methodology
that uses this notion in order to achieve a deeper insight of the way in which each
work and each researcher impacts the scientific world. Finally, in section 5 we
present and discuss some indicative results from the application of our approach
and in section 6 we list our concluding remarks.
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Counting citations

To this day citations are used to assess scientific impact. There are of course
inherent weaknesses [11]; it is possible revolutionary works to go un-noticed due
to random shifts of research trends or less deserving works to receive attention
simply because of an inspired title[12]. Still, the fact that they are fully quantitative measures that can be computed in an automated manner with little or
no human intervention makes them the measure of choice for the estimation of
scientific impact.
Thus, a paper’s impact is quantified as the count of citations it has received
from the day it was published and up to the day of examination. This, of course,
favors papers that were published many years ago, as they have been accumulating citations for a longer period of time. This is not necessarily a weakness of
the measure; it is only natural that works that have been around for a longer
period of time have had the opportunity to have a greater impact on the works of
others. Besides, it has been observed that the yearly count of citations received
by a paper diminishes after a few years; so, after some time, the advantage of
earlier papers is diminished.
Similar ideas are applied towards the evaluation of the scientific value of a
publication medium, such as a journal, magazine or conference. There is, though,
an important difference originating in the way to use the results of this evalua-
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tion. Journals are not evaluated in order to assess which one has had the greatest
overall impact on the scientific world. To the contrary, the goal is to assess the
probability that an article published in a journal will make an impact in the
future; readers consider this evaluation to select the journals to read and more
importantly authors consider it in order to select the journals to submit to, thus
maximizing the potential of their work. Therefore, the number of years that a
journal has been publishing, or even the number of volumes per year or the
number of articles per volume cannot be allowed to affect the evaluation.
The impact factor (IF) is the most trusted quantification of a journal’s scientific potential. It is computed as the average count of citations articles published
in the journal receive in the first two years after their publication; some limitations apply regarding the sources of these citations. It is clear to see that the IF
is configured in a way that favors journals that publish carefully selected high
quality articles, which is in accordance with the goals of journal evaluation. Of
course, the impact factor is also an imperfect measure [13] and efforts are made
to improve it [14].
When it comes to researchers, their past impact, and by extension their
future potential, is also assessed based on citations. The first, most common
and straightforward approach is the consideration of the cumulative number of
citations an author has received for the complete list of their published work.
But given the highly competitive nature of the scientific community, it is
rather expected that the prime tool to assess and compare researchers has received a lot of attention, both in the form of criticism of its objectivity and in
the form of attempts to affect its outcomes. Numerous weaknesses have been
identified, related to the number of years of activity, the effect of cooperation
networks, self-citations, outlier works, frequency of publication etc.
In order to deal with the weaknesses of the count of citations as a metric,
a long list of more elaborate metrics have been proposed, including the average number of citations per paper, the average number of citations per author,
the average number of citations per year, the h-index [15] and similar indices
[16][17][18], the g-index[19], the e-index[20], the s-index[21], the i-10 index, and
more.

3

Citation context

The count of citations, as well as all the other aforementioned measures that are
based on it, provide a numerical quantification of impact, without any indication
of where that impact has been made. This does not align well with the purpose of
assessing a researcher’s impact. When researchers are evaluated, for example for
an academic position, only relevant publications from their publication record
are considered. Still, when it comes to impact, we use the overall citation count
without examining which publications they have derived from or which scientific
fields they show impact in. Clearly, it would be useful to have access to such
information.
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In this work we examine the scientific scope of the referencing papers in order
to see which fields of science have been affected by a given paper. Our goal is to
describe a way to mine more information from citation records, without loosing
the objectivity of the citation count, i.e. the fact that it is not directly affected
by the examined researchers and it is computed with minimal user intervention.
The practical question here of course is which of the citations’ metadata to use
and how in order to identify the scientific scope. In developing our approach we
should, of course, also consider the availability of the data that will be examined.
In existing systems papers are indexed by their titles and journals they are
published in; authors are indexed by the papers they have published and the
keywords they use to characterize their own research interests [22]. But such
metadata (titles, journals to submit to, keywords, abstact) are determined by
the authors based on a priori preferences and not all are necessarily closely
related to the a posteriori information regarding the actual areas that their
work has an actual impact on, or even to the content of the work itself. Titles
can be misleading; keywords are useful but are not standardized and are not
used in all publications; textual analysis is not yet mature enough to guarantee
reliable results when applied on abstracts that may be related to literary any
given scientific field. More importantly, all of the above can be severely skewed
by the authors, especially when they need to build a profile that shows strength
in a specific field.
In contrast, the publication medium can provide a good indication of the scientific scope. When a paper is considered, either by a journal or by a conference,
thematic relevance is examined together with its scientific quality. Therefore, the
editorial process guarantees that, for example, papers published in the IKC conference are additionally related to semantic keyword-based search on structured
data sources. Almost all edited publications come with clearly defined scopes
and lists of relevant topics, and for those that do not it is relatively easy to
produce them manually since this would need to be done only once for each
publication medium and not separately for each article. Therefore, the automated and objective (i.e. without considering the subjective opinion of a human
expert examining the specific article) consideration of the scientific scope of a
given published paper is feasible.
Our approach is to examine each citation’s publication medium in order to
estimate the scientific field in which it indicates impact and to use this information in order to classify citations to fields and transform the unidirectional
citation count - and by extension all similar metrics - into a field by field analysis which will provide much deeper insight in the way a researcher’s work has
impacted the rest of the scientific world.

4

Methodology

As we have already explained, our analysis is based on the examination of the
publication medium. In the next paragraphs we outline the main steps required
to put this notion in practice.
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Preparatory steps

The preparatory steps involve the establishment of the knowledge base that is
required for the execution of the processing steps, as follows:
1. Develop a list of thematic areas
2. Compile a list of publication media (journals, magazines, conferences)
3. Assign thematic areas to each publication medium
Thematic areas. The list of scientific fields is almost static. Therefore a reasonable first step is to acquire this hierarchy. Existing hierarchies exist that may
be considered as a basis, as for example the one found in [23].
Publication media. We can use, for example, DBLP metadata in order to
acquire a first list of previous and running journals and conferences, knowing
that although this list is long it is far from complete. A comprehensive list of
publication media is not easy to establish. Moreover, the list is not static as
some conferences disappear whilst new ones appear every year; there are similar
changes to the list of journals, but they are less frequent and thus easier to
tackle.
Therefore the pre-processing step regarding the acquisition of publication media is not meant to produce a complete and finalized list but rather to facilitate
the initiation processing steps by dealing with the problem of cold start.
Medium to area assignments. Although the DBLP metadata are carefully
curated, they do not contain semantic information regarding the thematic scope
of the included publication media, other than their title. This title is often, but
not always, enough to have a rough idea of the thematic coverage.
In order to overcome this a semi-automatic approach is needed.
4.2

Processing steps, for each work

For each considered article, we need to examine the list of citations as follows:
1. Acquire the list of citations
2. Identify the thematic area of each citing work
3. Aggregate findings
List of citations. We use can use Google Scholar or any other similar system
to acquire a comprehensive list of citations for each article that we examine. Of
course such systems are neither complete nor perfect (they inherently contain
false positives, incorrectly assigned fields, damaged titles, repetitions etc). Still,
although error rates are high (often exceeding 20%), the deviation is small. Thus
citations retrieved from systems such as Google Scholar are a relatively reliable
source given that the error rate is similar for different articles and authors [24].
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Thematic area of each citation. In earlier sections we have explained that we
will use the publication medium to identify the thematic scope, we have developed the lists of publication media and scopes and established the associations
between publication media and thematic areas. In the previous paragraph we
also saw how the publication medium is acquired as a separate field in an XML
document.
Thus, the connection between citing article and its thematic areas is quite
straightforward.
Aggregated impact for each work. Conventionally all citations associated
with a published work are considered equally and uniformly, and overall impact
is given as the count of citations. Given the additional thematic information that
now becomes available, a rising question is the validity of considering uniformly
references that have been published in a publication medium with an impact on
a single science and references whose publication medium influences more than
a single science. Our approach is a variable weighting factor for the two cases.
In case that the papers influence a single scientific field weight will be equal
to 1, whereas the weight will be distributed uniformly when multiple fields are
impacted.
The aggregated impact for each work is given as the sum of weights, for each
scientific field; as expected the impact is not calculated as a single number but
rather as an array of numbers, one per field.
4.3

Processing steps, for each author

For each considered article, we examine the list of public works as follows:
1. Acquire the list of published works
2. Identify the impact of each work
3. Aggregate results
In the conventional approach, an author’s citation count is calculated as the
sum of citations for all of the author’s published works. By extension, in our
work we calculate an author’s impact in each field as the sum of the impact
values for that field for all of the author’s works. Thus, the aggregated impact
for the author is a vector calculated as the sum of the impact vectors of all of
the author’s published works, as calculated above.

5

Experimental results

In order to better explain what type of insight we are looking at, in this section
we examine what our approach brings to light when applied for three specific
researchers, namely Prof. Ioannis Anagnostopoulos, Prof. Costas Vassilakis and
Prof. George Lepouras. The results have been produced using an early software
implementation of the notions presented earlier herein [25][26].
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Fig. 1. Anagnostopoulos - Scientific impact

5.1

Ioannis Anagnostopoulos

Ioannis Anagnostopoulos is a member of the Department of Computer Science
and Biomedical Informatics, at the University of Thessaly. The position in which
he has been elected faculty member, his expertise as presented in his CV and
his research interests as presented in his personal web page are focused in the
analysis of social networks.
Naturally, one would expect the impact of his work to be in the same area.
Still, our analysis finds that 27%, of his research impact does not even lie in the
field of computer science.
Looking into the details of the researcher’s publications and citations we find
that Prof. Anagnostopoulos worked in the fields of neural networks and image
processing at the beginning of his career and much of his citation record comes
from citations to work of that era. And whilst in examining Prof. Anagnostopoulos’s CV we would quickly filter out these publications when evaluating him for
his current position, using the conventional approach we would not have been
able to similarly filter the 27% of his citations that are not relevant.
5.2

George Lepouras Costas Vassilakis

George Lepouras and Costas Vassilakis are members of the Department Department of Informatics and Telecommunications, at the University of Peloponnese.
Prof. Lepouras’s area of research, as indicated by position in which he has been
elected faculty member, his expertise as presented in his CV and his personal
statement in his personal web page lie in the field of human computer interaction. In similar fashion we can see that Prof. Vasilakis’s area of research lies in
the field of information systems.
Clearly, the two researchers have quite distinct works. Yet, our impact analysis shows not only that they have impact in the same broader scientific areas
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Fig. 2. Lepouras and Vassilakis - Scientific impact

but also that they have very similar impact when examining detailed subfields of
computer science. Whilst in the conventional approach we would consider their
impact to lie in distinct areas, and more specifically in the areas that they state
as their fields of expertise, our closer analysis of their citation records reveals
that this would not have been accurate.

6

Conclusions

In this paper we explored the information that can be extracted from citation
records’ metadata. In order to avoid subjectivity in the estimation and quantification of the impact we have opted to avoid author defined parameters and
have instead focused our analysis on the journal or conference where a citing
article has been published. This provides an objective and reliable indication
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Fig. 3. Lepouras and Vassilakis - Scientific impact in computer science

of thematic scope, which allows us to see, in a semi-automated manner, which
scientific areas have been affected by an author’s work.
Through some real life examples we have shown that the approach proposed
herein is indeed able to provide a deeper insight into the ways in which a researcher, or even a specific paper, has impacted the scientific work. This can
allow for a more fair consideration of citations in the comparative evaluation of
researchers, by considering only “in scope” citations, as is also done for publications. Additionally, since our approach effectively partitions citations into
thematic areas, any and all conventional citation metrics can still be applied on
top of it; for example it is easy to see how to calculate the h-index per thematic
area.
Of course our work is not complete. We have only just scratched the surface
of the treasures hidden in the metadata of citation records. Moving forward, it
would be interesting to examine to further detail the different types of impact
that can be defined based on the distribution of the areas of impact [7] or to
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explore how impact can be redefined or refined by considering not only one but
multiple hops in the citation graph.
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