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ABSTRACT

Some of the metrics more commonly used for Social Networks
Analysis (SNA) do not consider the weights of relationships
between the actors of the analyzed Social Network, if it exists.
These weights aim to measure the importance of the relational ties
between actors and also are important to be considered in a SNA.
This paper purposes the Gini Coefficient to be applied on Social
Networks Analysis. Our initial results demonstrate the validity
and applicability of this approach for a collaboration of Brazilian
network scientists.

Categories and Subject Descriptors
G.3 [Mathematics of Computing]: Probability and Statistics.
J.4 [Computer Applications]: Social and Behavioral Sciences.

General Terms
Measurement.

Keywords
Gini Coefficient, Social Networks Analysis, Co-Author Social
Networks

1. INTRODUCTION

The Social Network Analysis (SNA) is based on the assumption
that the importance of relationships among the interaction units is
a central point to the evaluation and analysis of social interaction.
The Social Network perspective includes theories, models, and
applications that are expressed in terms of relational concepts.
Thus, to measure the relationship defined by the linkages among
the particles (nodes) is a fundamental component to infer
properties of the studied network.

Some fundamental concepts used on SNA include actors and
relational ties [1, 2]. Actors are social entities that have social
linkages modeled by the social network. Actors are linked to other
actors by relational ties. The range and the kind of these ties can
be quite extensible. Thus, a critical and defining feature of a
Social Network is the presence of relational information.
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The growing interest and use of social network analysis has
provided a consensus about the central principles of the networks
perspective that distinguish social networks analysis from other
analysis performed specifically for other kind of networks.

In addition to the use of relational concepts, Wasserman and Faust
[1] emphasize the following:

e Actors and their actions are viewed as correlated rather
than uncorrelated;

e Relational ties between actors are viewed as channels for
transfer of resources;

* Network models focusing on point of view of individuals
in the network structural environment as providing
opportunities for individual action;

* Network models conceptualize structure as lasting
patterns of relations among actors.

The interest of academics and of the general publics on social
networks has grown rapidly. The increasing interest in researching
on Social Networks was encouraged by the popularization of
online social networks, which are very interesting Web
applications. Examples of online social networks include
MySpace, Facebook, Bebo, Cyworld, Skyblog, Hi5, Friendster,
Orkut, Live Journal, among others. Nowadays, this kind of
network is commonly used, and each network connects millions
of users.

Another example of the social networks is a co-authorship social
network which represents the relationships of scientific
collaboration. In this case, actors represent authors and relational
ties represent the relationships between pairs of authors. The
presence of at least one co-authored paper between two authors
determines a relational tie between them. Some examples of data
sources for the construction of scientific collaboration networks
are DBLP (Digital Bibliography & Library Project), Google
Scholar, CiteSeer, BDBComp, ISI-JCR, among others.

The critical importance of developing methods in the context of
social network analysis is the fact that the analysis of a particular
unit on a social network is not a single individual but an entity
consisting in collections of individuals and links among them. The
social network analysis is inherently an interdisciplinary effort.
The concepts of social network analysis are developed as part of
advances in social theory, empirical research and formal
mathematics and statistics [1]. The pioneers in social network
analysis come from sociology, social psychology and
anthropology, and the first use of the term “social network™ is
awarded to Barnes [3].



The methods of social network analysis provide formal
declarations about social processes and properties. Moreover,
these concepts must be defined precisely and consistently. Once
defined, these concepts can supply logical reasons about the social
world [4]. Recent works employed social network analysis to
understand the interconnections, evolution and behaviors of
researchers’ communities [5, 6, 7].

The social networks analysis came from two great points of view:
the whole networks and ego-centered networks. In the first vision,
the focus is the structural relationship of the network with the
social group. According to this view, networks are signatures of
social identity, and the relationships patterns between individuals
are mapping the preferences and characteristics of the involved in
the network [8]. In the second vision, the focus would be on the
social role of an individual, which could be understood not only
by the groups (networks) to which he belongs, but also by the
position he holds in such networks. The difference between the
two visions is the corpus of analysis chosen by the researcher [9].

The paper is organized as follows. In section II we describe some
known properties that can be calculated in the graph defined
according to the studied social network. In section III, we define
the Gini coefficient as well as in section IV we show as it can be
determined in social networks. The section V illustrates a study
case while in section VI we finally present our main conclusions
and summaries..

2. SOME BASIC APPROACHES TO
SOCIAL NETWORKS ANALYSIS

The basic approach to analyze a network is to represent it as a
graph G:=(N,E), with nodes (vertices) n € N and edges (links,
linkages, connections) e € E. In the context of social networks,
the nodes of this graph represent the network actors and the edges
represent the relational ties among the actors of this network.
Some of the basic approaches used in social networks analysis are
presented below [10, 11, 12].

2.1 Degree Centrality

The concept of degree centrality presumes that a node that has
many connections is considered important, while a node without
connections is considered irrelevant. The degree centrality is
calculated as the number of direct ties that involve a given node.
If the network is an undirected graph, i.e. the connection between
two nodes is no directional, the metric is just called degree. If the
network is an directed graph, i.e. the connection between two
nodes is directional, the metric is categorized into in-degree and
outdegree according to the direction of the relationships being
analyzed.

2.2 Closeness Centrality
The concept of closeness centrality describes the freedom level of
nodes in a network or simply their capacity for independent action
within the network. The closeness centrality of a node is
calculated as the mean shortest path (geodesic distance) between a
particular node and all other nodes.

2.3 Betweenness Centrality

The concept of betweenness centrality describes the global
location of a node in the network. This approach reflects the
intermediary location of a node along indirect relationships
linking other nodes. The betweenness centrality of a node is

calculated by the normalized number of shortest paths between
any two nodes that pass through the desired node.

2.4 Density

The density of a network is defined based on the degree
centrality. The density is calculated as the number of edges
divided by the number of all possible edges of this network. The
number of all possible edges will change according to the kind of
graph describing the network. If the network is an undirected
graph, the possible number of connections between each two
nodes is 1. If the network is a directed graph, the possible number
of connections between each two nodes is 2. A network entirely
connected has the density of 1. According to Hoser et al. [10], this
concept is not useful when multiple edges are allowed or when the
edges are weighted, because no total number of possible
connections can be evaluated.

2.5 Diameter

The diameter is another metric associated to the connection
degree of a graph. This metric is calculated as the maximum value
obtained among all shortest path evaluated between two nodes of
the network graph. In social networks, this value usually is small.
The diameter as well as density are metrics usually used for
comparing social networks.

In the next section, we define the Gini coefficient our new
purpose to describe and quantify social networks.

3. GINI COEFFICIENT

The Gini coefficient is a measure of statistical dispersion
proposed in 1912 by the Italian statistician Corrado Gini in his
paper “Variability and Mutability” [13]. This coefficient is
commonly used to evaluate the inequality of income and wealth
distributions but can be used for other distributions.

The Gini coefficient is defined based on the Lorenz curve. The
Lorenz curve was created by Max O. Lorenz in 1905. The Lorenz
curve is a graphical that represents the cumulative distribution of
a probability density function, that is constructed by following
way: a ranking of the members of the population must be disposed
in increasing order of wealth (or whatever amount that we wish to
study). Let us denote these amounts as h; <h, < ..., h,_; <h,. Let
us consider equation 1 which calculates the fraction of wealth
(cumulative distribution) corresponding to the fraction of
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people f; = i/n, i = 1, .., n in the population. In recent
experiments, we have calculated the Lorenz curves to study the
distribution of h-index of researchers in conferences (see ref.
[14]). The typical plots of Lorenz curves for the different analyzed
conferences in this reference can be observed in Figure 1.

In this graphical, the percentage of individuals being analyzed by
distribution is plotted on the x-axis; the percentage of the variable
values (in the original conception this variable is the wealth of
population) of the distribution being analyzed, on the y-axis. The
distribution will be perfectly equalitarian when every individual



has the same variable value. In this case, the bottom “N”% of the
group of individuals would always have “N”% of the variable
value. In the graph, the curve represented will be “y=x"; called the
perfect equality line. On the other hand, the perfectly unequal
distribution will be one in which only one individual has all the
variable value. In the graph, the curve represented will be “y=0"
for all “x<100%”, and “y=100%" when “x=100%"; called the
perfect inequality line.
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Figure 1. Lorenz curves for the h-index distributions of
researches in conferences of Engineering Software.

The Gini coefficient is calculated as the area between the perfect
equality line and the observed Lorenz curve, i.e.,

g=1- 2]01 D(h)dh @)

that numerically is approximated by a trapezoidal formula, leading
to equation 3:
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where @(hy) = 0 and @(h,) = 1 for construction. It will represent
the percentage of the area between the perfect equality line and
the perfect inequality line. This coefficient will be directly
proportional to the inequality of the distribution. The interval of
the Gini coefficient result will be from 0 to 1 (or 0% to 100%). A
low value of Gini coefficient indicates a more equal distribution
and a high value indicates a more unequal distribution. This
amount seems to be also appropriated to quantify if the
collaboration is equalitarian or not in social networks as we will
describe in the next section.

4. GINI COEFFICIENT APPLIED ON
SOCIAL NETWORKS ANALYSIS

Our proposal is to apply the Gini coefficient in the context of
Social Networks Analysis. This application is possible because

the relational ties (edges) between actors (nodes) can be viewed as
a distribution of amounts corresponding to the possible pairs of
actors on the SN (each actor combined with all other your
neighbors in the SN). For each pair of actors, the value associated
is: O if there is no relationship between them and the normalized
weight of the relationship between them (or 1 in unweighted SN)
otherwise.

Thus, the Gini coefficient of this particular Social Network can be
calculated. The distribution will be perfectly equalitarian when
every pair of actor has the same weight. On the other hand, a
completely nonequalitarian distribution will be found out when
only one pair of actors has a relationship. A low value of Gini
coefficient indicates a more equal distribution, i.e. a SN more
connected, and a high value indicates a more unequal distribution,
i.e a SN more disconnected.

5. CASE STUDY

Our proposal is to apply the Gini coefficient in the context of
Social Networks Analysis, more precisely in a Co-Authorship
Social Network. In this SN, the actors are the researchers and the
relational ties are the research collaboration between pairs of
researchers. This is a weighted network where the collaboration
relationships among the researchers are modeled and evaluated.
The weights are given by:

w, =—L 4

where n;; denotes the number of common papers between the pair
n

of the neighbors <i, j>. Here n, = e

=
Clearly we are talking about non-symmetric weight since wy; is
different of wj; when n; is different of n;. Here by construction #; is
the number of papers of author i.

The dataset used in the construction of studied networks and the
analysis of Gini coefficient performed in this case study are
presented in the next subsections.

5.1 Dataset Description

In this case study, we used a network composed by 27 researchers
involved in a research project of the INWeb (MCT/CNPq Grant
Number 573871/2008-6), the Brazilian National Institute of
Science and Technology for the Web. This project begins at year
2008. All researchers are professors (including full, assistant, and
associate professors) in a Brazilian major education institution
(UFMG, UFRGS, UFAM and CEFET-MG) with graduate
program in Computer Science.

Two networks of INWeb are constructed in this case study. The
dataset used to networks construction was obtained at DBLP on
August 03, 2010. These two networks are constructed with data of
different time intervals. The time interval is related to the years of
publication of the papers considered in the construction of the co-
author network. The first time interval is the publications of the
authors until the year 2007 and the network constructed with it is
named as SN2007. The second time interval is the publications of
the authors until the year 2010 and the network constructed with it
is named as SN2010.



Figure 2. Comparative between Social Network of INWeb before the project beginning and the situation during the development of
the project.

SN2007 reflects researchers’ collaborations before the beginning
of the INWeb project. SN2010 shows researchers’ collaborations
more than two years after the project beginning (before and during
the development of the project). The case study aims to establish a
comparative among the collaborations between researchers before
and after the project implementation using the Gini Coefficient
Analysis.

Figure 2 shows the modifications occurred in the researchers’
collaborations considering a comparative between SN2007 and
SN2010. It aims to establish a comparative between Social
Network of INWeb before the project beginning and the situation
during the development of the project. In Figure 2, the numbers in
the nodes represent identifications of the researchers. The first
digit (#1d) of these numbers identifies the institution affiliation of
the researchers according to the Table 1. Researchers with the
same first digit of identification are affiliated to the same
institution. For a simplified representation, the authors that co-
authored at least one paper are connected by only one line. The
gray lines represent connections that are not intensified during the
INWeb project. The solid black lines represent the connections
intensified during the development of the project (from 2008 to
2010). The dashed lines represent the new connections between
actors that occurred during the project until year 2010.

Table 1. The Institutions participating in the INWeb project

#1d Institutions
1 UFAM
2 UFRGS
3 CEFET-MG
4 UFMG

5.2 Evaluations
Different evaluations are performed in the constructed networks
of INWeb and they are presented and discussed as follows.

5.2.1 Global Analysis

The first analysis considers the distribution of weights of all
possible relational ties between authors (including the weight
equal to zero between researchers that not co-authored any paper).
This analysis of the Gini coefficient among all pairs of researchers
is important to evaluate the global collaboration between the
researchers of the studied SN.

The results of this first analysis (see Analysis 1 at Table 2) show
that the value of Gini coefficient is lower in SN2010 (distribution
analyzed named SN2010_allPairs with value of Gini coefficient
equal to 0.9327) than in SN2007 (distribution analyzed named
SN2007_allPairs with value of Gini coefficient equal to 0.9471).
These results are coherent and they are obtained because the
SN2010 is more connected than SN2007. Moreover, it is possible
to perceive that high values were obtained to both networks.
These results indicate unequal distributions meaning that this
collaboration network of INWeb is still very disconnected (in
relation to one totally connected network) in both considered time
intervals.

The INWeb research project has duration of four years and still
stay in development. The results will be future evaluated, at the
end of a four year period, the objective is that occurs an increasing
in the cooperation patter among inter-institutional researchers.
From the social point of view, this type of analysis is fundamental
to understand the characteristics and properties of the SN to be
studied.



Table 2. Gini Coefficient Values

Analysis Distribution Gini Coefficient
) SN2007_allPairs 0.9471
SN2010_allPairs 0.9327
@ SN2007_Pairs2007 0.5824
) SN2010_Pairs2007 0.5735
2.2) SN2007_Pairs2010 0.7009
) SN2010_Pairs2010 0.6160

5.2.2 Cooperative Analysis

The second analysis considers only the pairs of researchers that
have some co-authored paper between them (weights nonzero) in
one of the analyzed SNs (SN2007 or SN2010). This analysis of
the Gini coefficient only among the cooperative pairs of
researchers is important to evaluate the genuine level of
collaboration between the pairs of researchers that effectively
have relational ties modeled by the SN. The analysis considering
only the pairs of researchers with nonzero weights in SN2007
aims to evaluate the pairs of researchers’ that cooperated before
the INWeb project beginning. Besides, the analysis considering
only the pairs of researchers with nonzero weights in SN2010
aims to evaluate the pairs of researchers’ that collaborated before
and during the INWeb project development.

Cooperative Pairs until 2007. The results of analysis considering
only the cooperative pairs of researchers until year 2007 (see
Analysis 2.1 at Table 2) show that the value of Gini coefficient is
lower in SN2010 (distribution analyzed named
SN2010_Pairs2007 with value of Gini coefficient equal to
0.5735) than in SN2007 (distribution analyzed named
SN2007_Pairs2007 with value of Gini coefficient equal to
0.5824). This difference reflects the improvement in the
homogeneity of weight distributions occurred between the
researchers that already collaborate before the beginning of the
INWeb project. The collaborations between the researchers that
are intensified, as can be observed in Figure 2, contributed to a
more equalitarian distribution in SN2010 than in SN2007.

Cooperative Pairs until 2010. The results of analysis considering
only the cooperative pairs of researchers until year 2010 (see
Analysis 2.2 at Table 2) show that the value of Gini coefficient is
lower in SN2010 (distribution analyzed named
SN2010_Pairs2010 with value of Gini coefficient equal to
0.6160) than in SN2007 (distribution analyzed named
SN2007_Pairs2007 with value of Gini coefficient equal to
0.7009). This difference reflects the improvement occurred in the
collaborations of the researchers after the beginning of the INWeb
project. This occurs because the pairs of authors considered in
both SNs are equal. To this manner, the collaborations between
the researchers are intensified, as can be observed in Figure 2, and
the value of Gini coefficient identified this intensification of the
connectivity. Moreover, it is possible to perceive that high values
were obtained to both networks. These results indicate unequal
distributions in both SNs. It is correct to both networks because:
(i) in the SN2007 there are pairs of authors that are not connect
and the distribution of weights is nonequalitarian, and (ii) in the
SN2010, some already existent collaborations are intensified
(increased weights) while new collaborations emerged (first

publications co-authored, probably low weights), then the
distribution of weights is nonequalitarian in values.

5.2.3 Lorenz Curves

As stated before, the Gini coefficient is calculated as the area
between the perfect equality line (45 degree slope) and the
observed Lorenz curve. The graphical representations of the
Lorenz Curves of the distributions analyzed in this case study are
presented in Figure 3. In this figure, for the Lorenz curves
construction, the cumulative percentage of pairs of INWeb
researchers being analyzed is plotted on the x-axis; the cumulative
percentage of the relationships weights of them, on the y-axis.
Figure 3 presents the Lorenz curves of the distributions studied in
the first and second analysis. The legend of the distributions is the
same used in the Table 2.
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Figure 3. Lorenz Curves for the SNs distributions.

In the second analysis (cooperative), only the pairs of researchers
that have some relational tie between them were used. In this case,
it is possible to perceive that lower areas between the Lorenz
curves of the distributions and the perfect equality line were
obtained when compared with the areas corresponding to the first
analysis (global). These values indicate more equal distributions
in second than in the first analysis, i.e SNs more connected. These
results are coherent by the set of data that were analyzed. This
analysis of the Gini coefficient only among the cooperative pairs
of researchers is important to evaluate the genuine level of
collaboration between the researchers that have relational ties
modeled by the social network.

In this case study, evaluations of Gini coefficient to analyze a
real scientist social network were performed. Indeed, discussions
about the obtained results were also presented. The case study
presented satisfactory results. They show significant evidences of
the validity and applicability of the Gini coefficient on the context
of Social Networks.

6. CONCLUSIONS

This paper has as main contribution a new use of Gini Coefficient
for analysis of scientist groups, more specifically in Social
scientist Networks. Based on the contribution of scientists a
network, a weighted graph is considered where the weight of each
link is the number of common papers normalized for all
contributions of the network and here the Gini coefficient
measures the homogeneity level of the collaboration, i.e., if only a



few researchers keep a good level of collaboration or if all
researchers of the network, indeed, are contributing for the group.

Pissard and Prieur [15] are performing similar techniques to
quantify parameters in social networks. Although, they consider
the problem where users in a social network are making upload of
photos, in other hand, our work considers quantifying scientific
collaboration in social networks.

As stated before, some of the metrics more commonly used for
Social Networks Analysis originally does not consider the weights
of relationships (if they exist) between the actors. These weights
aim to measure the importance of the relational ties between
actors and are important to be considered in a SNA. In our case
study, we demonstrated the possibility of uses of the Gini
Coefficient to analyze weighted Social Networks.

The initial results pointed out indices of the validity and utility of
this approach. In further works, we intend to expand the study and
to develop more evaluations. One possibility is to study if the
Pareto principle can be verified in Social Networks distributions.
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