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1. Introduction
Many studies show that in recent decades there has been a sharp increase in the
number of papers involving collaboration among researchers. Part of the reason for
this increase in the proportion of collaborative work lies in the need for more
specialized

and

concentrated

resources,

together

with

an

increase

in

interdisciplinarity (Gibbons et al., 1994). The characteristics that influence the
intensity of collaboration are various, depending, for instance, on scientific
discipline, institutional level, or geographic level (local, national or international)
(Katz and Martin, 1997).

Bibliometric analyses play an important role in measuring these tendencies and a
number of studies have been carried out since the 1990s. Additionally, during the
last decade network researchers have been working to reveal the highly clustered
and connected nature of scientific production, showing that co-authorships networks
are made up of several groups of nodes, called ‘communities’ (Lambiotte & Panzara,
2009).

Our daily work with research managers in highly interdisciplinary research centers
shows the need for new approaches to help them reorganize their centers, which
often are still organized in traditional, disciplinary ways. The novelty of our approach
is that we have combined different methods in order to identify communities and
functional or potential research groups as well as thematically connected nodes.

In this report CWTS will perform several network analyses on the FNP-grantees in
order to assess whether there are already existing –but unexplored- networks of
different types that can foster and work as building blocks for future virtual centers
of excellence or other funding schemes or strategies. Using advanced network
analysis, this study applies two main types of network approaches:
1. Collaboration networks: based on relationships of co-authorship, this analysis
allows the identification of existing research groups of FNP grantees that are
already working and publishing together.
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2. Activity similarity network: this type of network shows the relations between
FNP-grantees connected by similar research activity profiles, based on their
thematic research profile.
The application and analysis of these two types of networks will allow to detect: 1.
Existing research groups, composed by FNP-grantees that are already working
together based on their co-authorship network activity. 2. Potential research groups
or virtual centers, composed by FNP-grantees working on the same research areas
and topics but not (necessarily) co-publishing.

www.cwtsbv.nl

|

Page 7

2. Data & methodology
2.1.Data used in the analysis
The main data set used for this part of the study was taken from the first part of the
project (Costas et al, 2015). Contains the Web of Science publications (WoS)
produced by 543 FNP granted researchers. Based on the list of publications for each
of the 538 granted researchers for whom WoS publications, during the period 20022012, have been identified, two types of matrices of relationships have been created.
Co-publication relations
We constructed the co-authorship matrix composed by co-occurrences of the granted
researchers co-publishing the same article publication. In other words, each FNP
granted researcher is linked to all the other FNP granted researchers by means of the
common publications (if any) that they have co-authored together.

Thematic profile relations
In this case the matrix is composed by the links of FNP granted researchers
determined by the cosine similarity1 value of the similarity of their research
profiles based on a paper-based field classification developed at CWTS (Waltman
& van Eck, 2012). This classification is described below. For every FNP granted
researcher, a vector with all his/her disciplines of activity has been created,
indicating also the number of publications produced in each of the disciplines.
Thus, each FNP granted researcher is compared with all the other FNP granted
researchers being possible to calculate their cosine similarity based on their
vectors of disciplines of activity. The cosine similarity thus is the value used to
determine how thematically similar is the research between two researchers.
Publication based classification
Alternative to the 250 WoS subject categories (used for the main report, cf.
Costas et al, 2015), an advanced alternative for the journal classification has
been developed at CWTS. This publication based classification is developed as

1

https://en.wikipedia.org/wiki/Cosine_similarity
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described in Waltman & Van Eck (2012). The main characteristics of the
classification are as follows.
•

Publication to publication citation clustering

Clusters of publications are created on the basis of citations from one
publication to another. Almost 15 Million of publications have been clustered
with this methodology. The clusters contain publications from multiple years
(2000-2014). Each publication is assigned to one cluster only at each
classification level. Every cluster is considered to be representative for
disciplines, research areas, fields or topics. The publication based classification
is helpful in this analysis to find niches of specialization of the different
researchers, something that would be impossible with the broad subject
categories delineation.
•

Multi-level clustering

The classification scheme has at present four different levels. The classificatory
levels of clusters are hierarchically organized. Currently we discern the following
levels.
1. A top level of 24 clusters (disciplines or macro-classification)
2. A second level of 813 clusters (fields or meso-classification)
3. A third level of 3,822 clusters (sub-fields or micro-classification)
4. A fourth level of 41,323clusters (micro-fields or topics or nano-classification)
For this study we focus on the classification of 813 meso-fields. We consider that
this represents a good compromise between specialization and generalization. In
other words, it is detailed enough to identify the concrete niches of activity of
FNP researchers but also to be a of sufficient size to concentrate under the same
meso-fields researchers of similar thematic profiles.
•

Labeling of the fields

As it could be expected, in a ‘self-organized’ classification scheme like ours, the
labeling of clusters is probably the biggest challenge. As such, our clusters have
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no name. Still there is sufficient information available for each cluster to
characterize them by suggested labels based on journal categories, journal
names, keywords and publication titles. In Waltman & Van Eck (2012) more
information about this process is provided, although the labeling of the thematic
clusters of activity will not be discussed in this study. Actually, given that we are
studying researchers, for the discussion and description of the groupings and
clustering of individuals around similar fields of activity, we have used their own
descriptions of their fields of activity, as recorded in the original information
about the researchers provided by FNP.

2.2.Methodological approaches
Network analyses are applied to represent the two different relations explained
above and to identify community structures. In network theory, graphs are
composed of nodes (or actors, points or vertices) connected by links (or edges,
relations or ties). In this case the nodes are the individual granted researchers by the
FNP. The links represent either the number of co-authored publications between the
different individuals or the cosine measure of the thematic vectors of all the
researchers.
For the identification of communities of researchers we have used two main
approaches:
1) For the identification of subgroups of authors within the network (i.e.
collaboration groups), we used the k-core approach (as available in the
software Netdraw (Borgatti, 2002)). A k-core is a subgraph in which each
node (a researcher) is connected to at least a minimum fixed number (K) of
the other nodes in the subgraph (i.e other researchers). The k-core approach
is less strict (compared with others like cliques, n-cliques, n-clans…), allowing
actors to join the group if they are connected to k members, regardless of
how many other members they may not be connected to. (Wasserman and
Faust 1994).

2) For

the

Activity

Similarity

Graph

represented

the

relations

between

researchers connected by similar research activity profile (i.e. the cosine
measure of their meso-fields profile) we have used the VOSviewer clustering
technique (van Eck & Waltman, 2010). The main approach has been to find a
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composition of thematic clusters of individuals that can easily explain the
network structure. Thus, several clustering solutions have been explored and
for the final solution the following parameters have been finally decided:
mapping attraction=4, mapping repulsion=1, clustering resolution=0.002,
min. cluster size=3 and in the advanced parameters the No normalization
method has been chosen. This selection of parameters, and particularly to
keep a relatively low clustering resolution, allows for a relatively broader
clustering composition of 6 main clusters. Also, this solution provides a
clustering composition with clusters that do not overlap too much, thus
allowing for a more straightforward explanation and discussion of the map 2.

We provide the raw data for the VOSviewer map (see files: ‘MESO_classification_map.txt’ and
‘MESO_classification_network.txt’) that can be input in VOSviewer (http://www.vosviewer.com),
thus other possibilities of cluster composition and analytical perspectives on the relationships
among the researchers are also possible.
2
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3. Results
In this section the main results obtained from the network analysis performed over
the FNP researcher grantees are presented and described. In Section 3.1 the
collaboration network analysis based on co-publications between the researchers is
presented. In Section 3.2 the activity similarity graph is presented.

3.1.Collaboration networks
The network analysis by co-authorships has shown that not all the FNP grantees are
connected by collaboration (co-authorship links). Basically it is not possible to obtain
a unique full network map where all nodes (i.e. researchers) are connected to some
degree. In figure 3-1 the main connected component of collaborative researchers is
presented. This network is composed by 210 individuals (39% of all individuals with
WoS publications). Here we have researchers from different backgrounds. On the
right hand side of the map mostly researchers from physics (e.g. the collaboration
between Jan Misiewicz and Robert Kudrawiec, both at the Wroclaw University of
Technology, and their linkages with Alfred Forchel at the University of Würzburg).
While on the left hand side of the map we find more bio-medical researchers. For
example the collaboration between Krzysztof Narkiewicz (Medical University of
Gdansk) and Leszek Kaczmarek (Nencki Institute of Experimental Biology), both also
connected to other FNP grantees. We can also mention Janusz Marek Bujnicki
(International Institute of Molecular and Cell Biology) or Grzegorz Wegrzyn
(University of Gdansk) that also have some important connections in this particular
part of the map.

In figure 3-2 other smaller components are depictured. These components are not
connected among them or with the main component presented in figure 3-1. An
interesting collaboration sub-network is composed by Krzystof Matyjaszewski and
some of his co-authors who are also FNP grantees (e.g. Joanna Pietrasik), or the
network of Grzegorz Pietrzynski (University of Warsaw) with other astronomy and
astrophysics FNP grantees. Other collaboration networks include Marek Switonski
(Poznan University of Life Sciences) with other biology-related individuals (e.g.
Dorota Cieslak from the same university), or the collaboration of Stanislaw Czuczwar
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(Medical University of Lublin) with other brain and pharmacology related FNP
grantees (e.g. Waldermar Turski from the same institution).
Finally in figure 3-3 a snapshot with FNP grantees that do not have any relationship
with other FNP granted researchers is presented. There is not much to highlight
about this figure apart from the fact that 218 (41%) FNP granted researchers have no
collaborative (co-authorship) links with other FNP grantees.
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Figure 3-1. Main connected component by collaboration links among FNP grantees.
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Figure 3-2. Small collaboration networks.
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Figure 3-3. Individuals without collaborative links with other FNP grantees.
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3.2.Thematic networks (meso-classification)
In section 3.1 the direct links among scholars through co-authorships have been
described. Here the focus is more on the ‘potential’ links among individual FNP
grantees as measured through their thematic research profiles. In other words, here
we do not focus on their direct relationships by collaboration but on the latent
relationships that they have as they share focus and work on similar topics of
research. Figure 3-4 presents the main linkages among FNP scholars based on their
cosine similarity based on the vectors of meso-fields of the paper-level classification
discussed in the methodology. In this case, in contrast with previous figures, we find
a much more connected network as compared to the co-authorships networks.
Actually 537 individuals are included in the main network. Just one scholar (Robert
Owczarek from the Institute of Fundamental Technological Research) had a thematic
profile completely dissimilar with the other FNP grantees (for visualization reasons it
has been removed from the graphic network). This higher connectedness of the
network suggests that although FNP grantees are not directly collaborating, there is
indeed a strong potential for the development of structures of collaboration as based
on their research interests.

In order to simplify the analysis of the potential clusters of thematic interests we
have used the VOS viewer clustering technology (van Eck & Waltman, 2010) to
identify clusters of FNP individuals with similar thematic research profiles. The
cluster analysis has been adjusted by checking the presence of different
combinations of clusters, but trying to maintain the structure of the map (e.g. if the
number of clusters is very high, very frequently the clusters overlap losing structure
and cohesion). Based on this approach 6 main clusters of researches have been
identified. Two clusters (the red and green ones) accumulate both more than 200
individuals each 3.

The red cluster is the biggest with 206 (38%) individuals and basically congregates
most of biomedical and biological researchers. Here we have researchers such as

We describe the map by highlighting some of the most important nodes in terms of
publications. Sometimes some of the nodes mentioned are only visible when exploring the raw
data and not in the graph presented in figure 3-4 (due to visualization restrictions). We
recommend to explore the data provided in the raw files provided.

3
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Grzegorz Wegrzyn, Janusz Marek Bujnicki, Krzysztof Narkiewicz or Mariusz Z.
Ratajczak (Pomeranian Medical University) who were also present in the main cluster
of collaboration (figure 3-1, right hand side of the map).

The green cluster, with 200 individuals (37%), corresponds to the scholars with an
orientation towards the natural sciences with more physics and chemistry-related
scholars. Thus, here we have scholars like Krysztof Matyajaszewski (who has not very
connected based on co-authorship links) or Jan Misiewicz.

The third cluster (blue) is composed by 69 scholars (13%), is slightly interdisciplinary
as it includes researchers from materials science and nanomaterials (e.g. Jan
Kurzydlowski Kryzsztof from Warsaw University of Technology), mechanics (e.g. Jan
Awrejcewicz from Lodz University of Technology), computer sciences and data
mining

(e.g.

Roman

Slowinski

from

Poznan

University

of

Technology)

or

mathematical research (e.g. Tomasz Luczak from Adam Mickiewicz University)
among others.

The fourth cluster (yellow) is composed by 45 scholars(8%) with researchers working
on topics related with High Energy physics (e.g. Artur Kalinowski from University of
Warsaw) or Astronomy and Astrophysics (e.g. Grzegorz Pietrzynski or Andrzej
Udalski from University of Warsaw) among others.

The fifth cluster (purple) is composed by 14 scholars fundamentally related with
biology and ecology topics, for example Piotr Tryjanowski from the Poznan
University of Life Sciences or Jacek Radwan from the Adam Mickiewicz University
among some others.

Finally, there is a separated cluster composed by only 3 scholars (Marek Pfützner,
Agnieszka Korgul and Jacek Dobaczewski from the University of Warsaw) who also
was visible in Figure 3-2 as a small collaborative network. These authors work on
topics of atomic physics and radioactivity. Although this small group may appear as
thematically disconnected (as in Figure 3-4 there appear not to be links with the rest
of the network), increasing the N. of lines option in the VOS viewer from 1000 (the
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value used to visualize the links in figure 3-4) to 4900 it shows some small similarity
(with cosine values of just around 0.05) with other scholars integrated in the green
cluster.

It is important to remind here that the solution of thematic clusters presented in
figure 3-4 is not the only possible one, so other solutions and more detailed analysis
are possible considering the raw data provided in the VOS viewer files accompanying
this report.
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Figure 3-4. Activity similarity graph among FNP grantees – MESO classification.
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4. Main findings & discussion
This report presents a specific analysis of the network characteristics of FNP granted
scholars. The main focus has been to analyze two relevant types of relationship
between individuals: co-authorship networks and activity similarity networks. The first
type depicts the direct existing relationships between the FNP grantees captured
through their collaborative activities reflected in their scientific publications. The
second one focuses on the more latent relationships based on the thematic interests of
the researchers. Obviously the two networks are related, the more that researchers
collaborate, the more similar their thematic profiles would be. However, in the specific
case of the FNP grantees we can highlight the following aspects:
-

The collaboration network of FNP scholars contains a main group of 210
connected researchers with some degree collaborative activity. Also it is
remarkable that only 60% of the FNP funded scholars have had some
collaboration with any other FNP granted researcher.

-

In the main connected network it is already visible the main distinction between
the more biology and medical oriented scholars and the scholars with a
stronger orientation towards the natural sciences (e.g. physics and chemistry).
This main division is also supported by the results in the main FNP bibliometric
report (Costas et al, 2015) where two of the most important fields of activity are
‘Biochemistry & molecular biology’ and ‘Physics, condensed matter’.

-

The activity similarity network shows a relatively higher interconnected network.
Thus, although FNP funded scholars do not exhibit a strong collaboration
pattern among them, they indeed present important thematic similarities in
their research focus. This supports the idea that there are important latent
possibilities for further collaboration among FNP scholars as they have activity
in similar fields and sub-disciplines of research.

In summary, in this report presents strong evidence of relevant potential network
connections, particularly based on the existence of common research interests, among
FNP granted researchers, which clearly supports the possibilities of the creation of
future virtual centers of excellence or other funding schemes or strategies that can be
targeted to the development and reinforcement of synergies and more collaborative
structures among FNP granted researchers and their research teams.
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