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Abstract
A graphical interface designed to access the bibliometric indicators database of the SCImago Journal & Country Rank por-
tal (http://scimagojr.com/shapeofscience) is described. The map was generated from the relational matrix based on the 
citation, co-citation, and bibliographic coupling formed by the nearly 20,000 publications (journals and conference procee-
dings) registered in Scopus. The map layout is based on a variant of a force-directed algorithm using Noack’s proposal of an 
edge-repulsion energy model. The interface allows the publications’ bibliometric indicators and the cluster structures that 
they form to be displayed based on their shared use by the authors of the documents. To facilitate navigation, the interface 
automatically positions the reference areas and subject categories which are viewable via zoom-and-pan. The interface may 
be found to constitute a useful tool for analyses of the Scopus publications’ presence in different scientific domains, and of 
the global distribution of the publishing capacity of different countries and regions. It uses the method of overlaying maps 
to locate subsets of selected publications in the context of the global publication structure.
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Título: Interfaz gráfica del SCImago Journal & Country Rank: Un enfoque interactivo para acceder a la infor-
mación bibliométrica
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Resumen
Diseño de una interfaz visual para el acceso a la base de datos de indicadores bibliométricos del portal SCImago Journal & 
Country Rank. El mapa se genera a partir de la matriz relacional basada en citación, cocitación y bibliographic coupling que 
forman las casi 20.000 publicaciones (revistas y actas de congreso) registradas en Scopus. El layout del mapa se basa en una 
variante de un algoritmo force-directed mediante el modelo de energía edge-repulsion propuesto por Noack. La interfaz 
permite la visualización de los indicadores bibliométricos de las publicaciones y la estructura de clusters que forman en 
función de su uso compartido por los autores de los trabajos. Para facilitar la navegación la interfaz incluye la referencia de 
áreas y categorías temáticas mediante posicionamiento automático y visibles mediante zoom+pan. La interfaz puede ser 
una herramienta útil para analizar la presencia de las publicaciones Scopus en los diferentes dominios científicos, así como la 
distribución mundial de la capacidad editorial de los diferentes países o regiones. La interfaz utiliza la metodología de mapas 
overlay para situar los subconjuntos de publicaciones seleccionadas en el contexto de la estructura global de publicaciones.

Palabras clave
Mapas de las publicaciones científicas, Mapas de la ciencia, Datos bibliométricos, Citas, Interfaces gráficas, Representación 
de la ciencia, Herramientas para analizar la ciencia, Scopus, SCImago.
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Introduction
As noted by Van-Eck (2011), bibliometric maps representing 
the relationships among nodes can mainly take two forms: 
as graphical links (such as lines or arcs), or, without such 
links, by positioning the nodes to represent their mutual 
proximity or distance. For large networks with a high density 
of links, as in the case of the present study, the latter option, 
in which the degree of similarity or clustering among nodes 
is reflected by their spatial proximity, is the only viable op-
tion to ensure that the map is legible and understandable.

In the construction of distance-based maps, the algorithmic 
technique most widely used is known as MDS (multi-dimen-
sional scaling). This technique takes as input a similarity or 
distance matrix in an N-dimensional space that is reduced 
to two or three dimensions (coordinates), trying to make 
the distances between nodes in the final representation ap-
proximate as closely as possible the distance they had in the 
N-dimensional space. The main drawback of MDS, however, 
is its tendency to produce circular maps where the nodes of 
higher degree are located near the centre of the map (Van-
Eck; Waltman, Dekker; Van-den-Berg, 2010), an artefact of 
the logic of its algorithmic procedure that distorts the struc-
tural realities of the network.

An alternative to MDS which does not impose this artificial 
structure on the final layout, and in which the clusters of 
nodes are more easily recognized, is VOS (visualization of 
similarities) (Van-Eck; Waltman, 2007), used successfully 
in constructing various bibliometric maps. The two techni-
ques are closely related. Indeed, VOS may be considered a 
weighted type of MDS in which proximities and weights are 
determined in one particular way (Van Eck; Waltman; De-
kker; Van-den-Berg, 2010).

Another alternative is to use algorithms of a force-directed 
or energy-based type, which iteratively apply forces of at-
traction and repulsion among the nodes to reach a state 

(i.e., layout) of minimum energy. Many of the more popu-
lar force-directed algorithms (Eades, 1984; Davidson; Ha-
rel, 1989; Fruchterman; Reingold, 1991) are unsuitable for 
constructing distance-based bibliometric maps since their 
final layout mainly favours æsthetic criteria such as a uni-
form distribution of the nodes, the optimal use of space, 
or the avoidance of crossing between links. I.e., these algo-
rithms do not seek to reflect the degree of similarity among 
nodes through their position, but to obtain readable layouts 
in representations based on graphical links. While the algo-
rithm of Kamada & Kawai (1989) does reflect certain pro-
perties of the network in the layout, such as the geodetic 
distance between the nodes of the graph, it too imposes 
artificial æsthetic criteria such as uniform link length, and 
therefore equal distances between nodes.

In contrast, a proposal that is especially well-suited to the 
construction of distance-based bibliometric maps is that of 
Noack’s force-directed approach (2004, 2007). Force-direc-
ted methods have two components: an energy model that 
defines which layout to compute, and an energy minimiza-
tion algorithm which defines how to compute it. Noack’s 
proposal focuses on the former, using two energy models 
termed node-repulsion LinLog and edge-repulsion LinLog. 
The main quality of these models, especially the edge-repul-
sion model, lies in their ability to yield layouts in which the 
position of the nodes not only reveals similarity relations, 
but also the community structure (Noack, 2009).

Force-directed methods have two com-
ponents: an energy model that defines 
which layout to compute, and an energy 
minimization algorithm which defines 
how to compute it
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Regarding the quality of the final layout, Van-Eck (2001) sta-
tes “In the case of maps with lots of objects, the accuracy 
of the VOS mapping technique at the local level can be so-
mewhat disappointing”, and adds “An interesting mapping 
technique that seems to yield accurate results both at the 
local and at the global level is the LinLog technique”. Finally, 
as will be discussed below, the force-directed type of algo-
rithms have the advantage of being easily tunable through 
the application of well-known optimization strategies.

The objective of the present study was to design a graphi-
cal interface for SJ&CR based on the relationships connecting 
scientific journals, so that use of an overlay method would 
permit the academic production of different geographic and 
thematic domains to be represented on the overall base map.

Methods and data

Bibliometric maps display the structure of a domain through 
a graphical representation of the units of analysis and of 
their relationships. In the present study, the units of analysis 
are international scientific journals. To calculate the degree 
to which these journals are related, we applied the mean 
of the normalized values of three measures: citation, co-ci-
tation, and bibliographic coupling. When there only existed 
bibliographic coupling between two journals, the link is dis-
carded due to its relative insignificance.

To facilitate subsequent processing, the directed graph for-
med by the journals is transformed into an undirected graph 
in which the weight of each link between two nodes is the 
sum of the weights of their directed links. The resulting net-
work is composed of 19,540 vertices and 3,612,061 links.

The network was generated from Scopus data (2003-2012) 
and from the thematic classification of journals used in 
SJ&CR. This latter consists of Subject Areas (26 plus the Ge-
neral class) and Specific Subject Areas or Categories (309).

We started by implementing the force-directed algorithm 

using the edge-repulsion 
energy model proposed 
by Noack (2007).

Given the size of the net-
work in this study, in or-
der to process its layout 
with reasonable efficien-
cy, we used a multi-scale 
strategy (Hadany; Harel, 
2001). Such strategies 
are based on computing 
an abstraction of the gra-
ph on which a general 
layout is calculated, to 
which details are then 
added gradually, edi-
ting and fine-tuning the 
layout. The procedure 
used in the present study 
consisted of two phases: 
coarsening and un-coar-
sening.

The coarsening phase takes as input the original graph G0. 
In this graph, a downwards traverse is made of all its links 
ordered by their density, which is defined as 

dij = wij / wDi • wDj

where wij is the weight of the link, and wDi and wDj are the 
weighted degrees of the nodes (sum of the weights of all 
their links). For each link, if neither of its nodes has pre-
viously been collapsed, they are then collapsed to form a 
single node in graph G1, whose links will be the result of ag-
gregating the links of the original two nodes. This process 
is repeated until reaching a graph Gn, the graph of greatest 
abstraction, in which it is no longer possible to continue co-
llapsing nodes.

The un-coarsening phase starts from graph Gn, to which the 
force-directed positioning algorithm is applied using a very 
small number of iterations (in fact, we only used two itera-
tions, although this is a criterion that depends on the topo-
logy and size of the network). After applying the algorithm, 
the positions (coordinates) of each node are inherited by 
the two nodes it corresponded to in graph Gn-1. This process 
of positioning or refining the layout is repeated until the ori-
ginal graph G0 is reached again.

Although Noack (2007) shows a certain reluctance to regard 
as appropriate the use of multi-scale strategies in combina-
tion with LinLog energy models, the results obtained in the 

The results obtained in the present study 
suggest that the use of multi-scale stra-
tegies in combination with LinLog ener-
gy models, is a very efficient method to 
achieve high quality layouts for large 
networks

Figure 1. General view of the layout with the interface. The Subject Areas were selected as labels, and the SJR-2012 
values as the size of the nodes.
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present study suggest that the procedure is indeed a very 
efficient method with which to achieve high quality layouts 
for large networks.
The nodes are represented graphically by discs whose size 
(their area) encodes the value of whichever bibliometric in-
dicator that the user has selected (SJR, documents, referen-
ces, citations…). The colour of the node identifies the clus-

ter to which the journal belongs. For the calculation of the 
different clusters, we used the algorithm implemented by 
Noack (2007) based on Newman and Girvan’s measure of 
modularity (Newman, 2004; Newman; Girvan, 2004).
Once the overall map has been generated for the corres-
ponding period, to select a domain, the interface provides 
the user with different options: the editor’s country, the 

Figure 2. Library & Information Science worldwide with the SJR-2012 as the absolute size of the nodes.

Figure 3. Library & Information Science in Spain with SJR-2012 as the absolute size of the nodes.
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authors’ country, the area, and 
the subject category. The re-
sults of the selected domain 
are superimposed using the 
overlay technique (Leydesdorff; 
De-Moya-Anegón; Guerrero-
Bote, 2010; 2014). In this case, 
as well as generating the overall 
map with different procedures 
and data, with everything being 
done online, the clusters are not 
only coded by the colour of the 
nodes, but also by the contour 
formed by the nodes of each 
cluster, combining Gaussian 
blur with transparencies.

To enable detailed explora-
tion of the map, an interactive 
zoom-and-pan mechanism is 
included, as well as a journal 
search on title.

To facilitate the interpretation 
of the map, the interface allows 
one to select showing either the journal titles or the area 
and subject category labels. Each of these labels is positio-
ned at the centroid of all the journals covering that area or 
category. Overlap between labels is avoided using the me-
chanism described in Koh, Lee, Kim & Seo (2010).

Results and discussion
Figure 1 presents an overview of the interface with the ge-
neral layout. It includes all the journals (19,540), represen-
ted by nodes of sizes proportional to SJR-2012. As can be 
seen in the panel on the left, one can choose the indicator 
that will be rendered with the size of the nodes. This may be 
general for the journal, as is the case with SJR, or it may de-
pend on the domain that has been selected, as might be the 

output of the domain in the journal in question. This value 
can also be set to either absolute or relative.

The labels can also be set to either Subject Areas or Journal 
Titles.

The nine colours of the nodes correspond to the nine clus-
ters or communities detected by the algorithm. The green 
cluster at the top is devoted mainly to Social Sciences and 
Humanities. The orange cluster on the left corresponds to 
Psychology, Neuroscience, Nursing, and Health Professions. 
Below it is a dark pink cluster devoted to Medicine which 
merges at the bottom with a blue-green cluster devoted to 
Ophthalmology and Optometry and then a teal-coloured 
cluster dedicated to Dentistry. More to the right, there are 

two clusters, one yellow dedi-
cated to Life Sciences and the 
other purple devoted to Che-
mistry, Materials Science, and 
Chemical Engineering. Up and 
to the right, these two clusters 
fuse with another two, one 
reddish brown of Earth and Pla-
netary Sciences, and the other 
blue, and rather elongated, star-
ting from the bottom with Phy-
sics and Astronomy, then pas-
sing up through Mathematics, 
then Computer Science, to end 
with Decision Sciences when it 
merges with the first cluster.

This circular layout is consistent 
with the general consensus of 
other maps of the sciences (Kla-
vans; Boyack, 2009; Leydesdorff; 
De-Moya-Anegón; Guerrero-Bo-
te, 2010; 2014). The goodness of 

Figure 4. Overlay of the journals of the Category of Education with the SJR-2012 as node size

Figure 5. Overlay of the journals of the Category of Law with the SJR-2012 as node size.
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the layout is evident in the very logic of the placement of the 
Subject Areas. Also worth mentioning is the clear coordination 
between the clustering algorithm and the layout since by far 
the greater part of the journal clusters (identified by their co-
lours) are also grouped together visually.

If we zoom in on any of the parts with the Subject Areas as 
labels, those labels get larger, but they also blur out while 
the Specific Subject Area or Category labels start to appear.

Figure 2 shows the overlay corresponding to journals of the 
Specific Subject Area of Library & Information Science world-
wide. The figure includes both a general view and a zoom-in 
on the most prominent grouping in which one can see a group 
of journals with Humanistic, Economic, and Scientometric con-
tent. Figure 3 shows the same Category but now delimited to 
the domain of Spain. There are now fewer journals since those 
displayed include only journals in which Spanish authors pu-
blished in 2012. With fewer journals, some Spanish-language 
journals, such as Scire and the Revista Española de Documen-
tación Científica, have become 
visible, and others can be located 
even though their title is not dis-
played because of the overlap, 
examples being the Revista Ge-
neral de Información y Documen-
tación (slightly below and to the 
left of the Revista Española de 
Documentación Científica), Inves-
tigación Bibliotecnológica (a little 
further down), El Profesional de 
la Información (and a little more 
further down), or Cybermetrics 
(above the Journal of Informe-
trics).

Figure 4 shows the overlay co-
rresponding to the journals of 
the Category of Education world-
wide. One can see the main grou- Figure 7. Overlay of the journals of the Category of Biomedical Engineering with the SJR-2012 as node size

ping in the border zone between 
Psychology and Social Sciences. 
There also appear some scatte-
red journals that correspond to 
educational journals in various 
specific disciplines.

Something similar is the case in 
figure 5 for Law. One sees the 
main grouping of journals in 
Humanities. There is another 
group of journals on Crimino-
logy found within Psychology, 
and, at the bottom, some jour-
nals devoted to Forensic Science 
and others that have published 
papers devoted to the different 
branches of Law.
In Architecture (figure 6), one 
sees two groups of journals, 
one very technical, and close to 
Engineering and the Hard Scien-

ces, and another dedicated to architectural art.

The case of Biomedical Engineering (figure 7) is somewhat 
special. Although Scopus includes it within Engineering, its 
journals do not focus on this area. Indeed, the label of the 
Category at the centroid of the positions of its journals ap-
pears at the bottom. Many journals are in a purple zone, 
corresponding to Chemistry or Materials Science; others in 
a yellow zone, corresponding to Biomedicine; and others in 
a pink zone, more within Medicine. This may be evidence 

Today it is necessary to combine diffe-
rent techniques, and especially to seek 
applications of the representations ge-
nerated that go beyond what is obvious 
analytically

Figure 6. Overlay of the journals of the Category of Architecture with the SJR-2012 as node size
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of a bad placement of the Category within the Engineering 
category in Scopus.

Conclusions
We have described a combination of force-directed, cluste-
ring, and overlay techniques to generate interactive maps 
capable of being used as efficient interfaces to access biblio-
metric information. Gone are the days when the mastery of a 
technique of mapping some particular form of bibliographic 
information was a novelty in the field of research. Today it 
is necessary to combine different techniques, and especially 
to seek applications of the representations generated that go 
beyond what is obvious analytically. Nonetheless, our princi-
pal objective with the present development was to provide 
users with a tool that would allow them to interact visually 
with all the information accessible through the SCImago Jour-
nal & Country Rank portal. The aim was, therefore, to offer an 
alternative to the traditional form-based access routes that 
are usual in bibliographic databases. This objective could not 
be attained without solving a host of human-computer inte-
raction (HCI) problems posed by the simple volume of infor-
mation being handled, and by the need to work at different 
levels of zoom with classifications represented graphically ac-
cording to the user’s requested context.

The solutions that we have described take as starting point 
the existence of a database of bibliometric indicators grou-
ped by geographic domains, scientific fields, and publica-
tions which can now also be analysed visually in the form 
of graphical displays. This graphical approach is intended to 
constitute just another way of analysing that part of reality 
which the indicators can shed light on. In no way does it 
pretend to replace the tabular, georeferenced, or any other 
type of approach that the user can take. The methodologi-
cal principle that motivates the need to generate multiple 
representations of the same social reality is that of their 
analytical complementarity.
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