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Abstract

Social network analysis (SNA) concerns itself in studying network structures in relation to
individuals’ behavior. Individuals may be influenced by their network members in their behavior,
and thus past researchers have developed computational methods that allow us to measure the
extent to which individuals are exposed to members with certain behavior within one’s social
network, and that be correlated with their own behavior. Some of these methods include network
exposure model, affiliation exposure model, and decomposed network exposure models. \We
developed a Gephi plugin that computes and visualizes these various kinds of network exposure
models called NET-EXPO. We experimented with NET-EXPO on some social network datasets to
demonstrate its pragmatic use in social network research. This plugin has the potential to equip
researchers with a tool to compute network exposures in a user friendly way and simplify the
process to compute and visualize the network data.
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Introduction

An old adage, “/wjhen the character of a [wo]man iIs not clear to you, look at [their]
friends”, assumes that each individual is reflected by their interactions by another human
being. Within the field of social network analysis (SNA), graph-based networks that
represent relational structures can provide comprehension into their relations to individual-
level behaviors/attributes. A graph is a mathematical model connecting nodes to elucidate a
network structure. While representing individual people as nodes (or actors) within a graph
and the connection between nodes as relationships (or ties), these graphs can provide
methods to garner insight into the social network composed of a population of interest.

SNA is “set of techniques used to understand these relationships and how they affect
behavior” [1]. By representing these social structures as networks, researchers can apply
various mathematical and graph-based methods to quantify structural characteristics and
their relation to behavioral attributes of a population. Network methods such as computing
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centrality measures [2,3] or complex methods such as community detection [4] can reveal
behavioral information in a social network. As a graph structure, we can potentially
visualize the network to further assess and communicate important findings to a wider
audience.

We introduce a software add-on that we developed for a popular open source visualization
software called Gephi [5]. We will also summarize the network exposure models that the
software add-on is based on.

1.1 Network Exposure Model

The network exposure model aims to assess a degree to which an individual is exposed to his
or her network members with certain attributes or behaviors [6-9]. It has been grounded in
the diffusion of innovation theory [10], and modeling network influence by constructing the
weight matrix Wj;were discussed [11]. Network Exposure (£)) is defined in the equation
below (Eq. 1).
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fori,j=1,..,N,i#j (1)

From Eq. 1, a network influence is represented by relationships from individuals 7 (ego) to /
(alter) in the form of a weight matrix Wj; (with /indexing row and jindexing column) that is
matrix multiplied by y; (i # j) that represent each network member ;s value in his or her
behavioral variable (either coded as 0 or 1), and divided by row sum of %; Wj; to normalize
the resulting exposure value. Here, £;represents the resulting vector of network exposure,
yielding the proportion of a connecting network members with certain behavior or attribute

Yj

1.2 Affiliation Exposure Model

Affiliation exposure, developed by our co-author (KF) and colleagues [12,13], have been
employed in various social network analysis research [12-16]. Affiliation exposure model
extends the network exposure model by replacing a weight matrix W/ with a one-mode
actor-by-actor co-affiliation matrix Cj;. The co-affiliation matrix is a result of a projection of
(or conversion from) a two-mode affiliation matrix A; where actor 7index row and event j
index column. Mathematically, this projected co-affiliation matrix Cj; is computed by the
matrix multiplication of a bipartite graph as a matrix Aj; by its transposed form Al i.e.,

Cij = (Aij . Alij). The off-diagonal entries of the resulting co-affiliation matrix, representing

the number of common events each pair of actors jointly affiliated. Cj; (where i # j) is used
to compute affiliation exposure (See Eq. 2). Values in the on-diagonal entries represent the
number of total event each actor affiliated, that will not be used in affiliation exposure
computation, but used as a control variable in regression analysis [12].
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Analogous to network exposure model, the resulting vector /; measures the percentages of
events in which actors co-affiliates with actors of a specific behavioral attribute .

1.3 Decomposed Network Exposure Model

Decomposed network exposure model is another network exposure derivative developed by
our co-author (KF) and colleagues that allows us to incorporate multiple network influences,
by including two network weight matrices of the same population that can be decomposed
into overlapped versus non-overlapped network influence [17,18]. We will focus on
decomposed network exposure for using two one-mode networks as an example, but future
implementation for NET-EXPO will support combinations of one one-mode network and
one two-mode network [18] and two two-mode networks [17].

> X \W..1y.
i,overlap — ij{{sfgn((}zz)wziij fori,j=1,...N,i#j (3)

[ = sem (X)W, forij=1,.,Ni#j (4

Di’non — overlap = Zj{[l — sgn (Xij)]wij}

Equations 3 and 4 defines the decomposed network exposure model for two one-mode
networks, Xj;and Wj;. The model involves generating a matrix from a weight matrix (.Xj)
and converting the elements into binarized elements sgn(Xj), and also generating the inverse
form of 1 — sgn(Xj), i.e., switching 0 to 1, and 1 to 0. To derive an overlapped decomposed
exposure component to a certain behavior (D; oyerigp), We preform element-wise
multiplication between the binary matrix sgr(Xj;) and another weight matrix Wj; and then
compute the standard procedure for network exposure (matrix multiply the resulting dot-
multiplied matrix by the behavior vector y)), that will yield overlapped network exposure
component between two networks. To derive non-overlapped decomposed exposure
component to a certain behavior, we subtracted the binarized elements sgr(.Xj), from a
square matrix with all off-diagonal elements 1, and everything else being identical to the
computation of Eq. 3.

1.4 Research Objectives

Using the aforementioned models discussed, we intend to harness Gephi, a network
visualization tool, to display and compute the various network exposure measures. Through
the visualization of these measures, network researchers can potentially analyze and have an
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insight to better understand various network influences of individuals or events/places on
specific individual nodes in a network.

Currently, the Gephi plugin repository do not offer any support for the discussed network
exposure models of various forms. To accomplish our objective, we developed a software
add-on for Gephi that computes the models and allows the users to exploit the Gephi’s
visualization tools to display the models. We will demonstrate and discuss NET-EXPO’s
functionality using published datasets from well-known studies to reveal various network
influences through the visualizations.

2 Material and Method

2.1 NET-EXPO

NET-EXPO was developed using the Gephi plugin API and leveraged a Java matrix library,
EJML (Efficient Java Matrix Library)l. We implemented the computations for these models
and integrated it within the Gephi framework. We also implemented some basic user
interface features for the user to instruct Gephi on how to process the data. This included
three basic configuration panels (See Fig. 1) for the three exposure models where each tab is
reserved for each model computation.

2.2. Sample Network Datasets

We utilized three network datasets from previous research to demonstrate the visualization
potential of the plugin. One dataset originated from research studying online network data of
sex escorts and their customers from a Brazilian forum [19]. The other dataset came from
Rogers and Kincaid [20] that involved the adoption of family planning methods in South
Korean villages. The third dataset came from Teenage Friends and Lifestyle Study and
focused on a friendship network of teenagers and their behavioral attributes [21-24]. For
convenience, we used an excerpt of their network of 50 school girls2.

3 Results and Discussion

The plugin was tested on Gephi vO.9.2 on an Apple Mac Pro® machine (8-core 2.4 GHz
Intel processor, 64 GB RAM, and AMD Radeon™HD 7950 3GB video card). We optimized
the memory allocation for Gephi (up to 4GB) to accommodate large network graphs.

Figure 2 represents a one-node network of both escorts and clients, with ties representing a
sexual partnership (/). The behavioral attribute );;was the unprotected sexual activity,
which we defined as having either anal or oral sex without a condom (1 for unprotected sex
and 0 for protected sexual contact).

The network displays a visualized graph through NET-EXPO that represents a unidirected
sexual network between escorts/sex workers (green nodes) and their clients (pink nodes),
with the node size representing the degree to which individuals are exposed to risk of disease

lhttp://ejml.org.
https://www.stats.ox.ac.uk/~snijders/siena/s50data.htm.
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infection through unprotected sex activity. This network visualization shows the amount of
exposure to partners that engaged in unprotected sex. The size of the nodes indicates the
exposure value (i.e. the larger the value, the larger the node size). Also the dataset for this
network spanned 6 years and amounted to a large network size that stalled the performance.
We relegated to using a subset (first two years of data collected) for demonstration purposes.

Figure 3 is an affiliation network illustrating non-club mothers (blue nodes), who share an
interaction with members of a “Mother’s Club” (red nodes). The village network shown in
Fig. 3 is the converted co-affiliation matrix (Cj) projected from a two mode network (Aj) of
non-club mothers / (first mode) and encounter with club mothers / (second mode). The y;
vector was the adoption of family planning methods of the non-club mothers (1 for adopting
and 0 for not adopting). The size of the nodes indicate the magnitude of the affiliation
exposure. NET-EXPO also facilitates the creation of new links (co-affiliation) based off the
projected matrix with values assigned to each of them (off-diagonal values). This particular
network employs line thickness to denote the strength of the co-affiliation (green lines in
Fig. 3).

Figure 4 presents two visualizations for decomposed network exposure model. The one-
mode friendship network of the first year (Xj) and the one-mode friendship network of
second year (W) were overlapped. The behavior attribute vector y;is binary value
indicating whether the individual ever experimented with drugs (1 for yes or 0 for no). The
left network of the figure (D, overizp) Shows the measure of exposure to drug use with a
friendship network of two years. The right side network (Dj non—overiap) Of the figure reveals
the measure of exposure to drug use where the friendship network was not over the span of
two years. The gray nodes represent teen girls who experimented with drugs, and the light
orange nodes are teen girls who never experimented with drugs. The left network did not
yield any exposure value, but the right network revealed exposure to experimental drug use.
Again, the size of the nodes indicate the exposure strength with the values as labels assigned
to each node.

With NET-EXPO, users can harness the Gephi platform to measure and visualize network
exposure, affiliation exposure, and decomposed network exposure. With minimum effort,
network researchers could extrapolate exposure data and their visualizations using a
graphical interface provided through the Gephi platform. We showed NET-EXPO’s
functionality using open network datasets - sex escort network (network exposure), family
planning network from a Korean villages (affiliation exposure), and a friendship network of
teens (decomposed network exposure).

While previous studies have validated these exposure models, a future study is needed to
derive meaning from outputted visualizations and match it to empirical observations. From a
usability standpoint, we need to address scalability if users import large datasets and where
the computations may take longer to process. We also need to investigate some limitations
relating to workflow within the Gephi framework. For example, decomposed network
exposure models for two-mode networks would require two two-mode networks, therefore,
we need to address how to best utilize the data import formats to generate complex matrices
while making it easy for users.
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4 Conclusion

In this paper, we introduce a Gephi plugin called NET-EXPO that visualizes networks to
help understand influences and the impact of affiliations among the nodes that represent
individuals. netdiffuseR, a CRAN package for the R statistical environment, implements
algorithms to compute network diffusion statistics including network exposure models, and
other network diffusion statistics [25]. Our co-author (KF) published a STATA script module
called AFFILIATION-EXPOSURE for affiliation exposure model [26]. In comparison with
AFFILI-ATIONEXPOSURE, NET-EXPO aims to offer an extended network exposure
model computations with the ease of click and point. As a Gephi plugin, it can leverage the
WYSIWYG3 approach to visualize and manage network data. This makes NET-EXPO an
ideal tool for non-technical users to be introduced to network exposure models and reach a
large audience base who use Gephi. With NET-EXPO, we demonstrated the use of this
plugin using three network datasets to manifest visualizations for network exposure model,
affiliation exposure model, and decomposed network exposure model. The plugin is
available on Github# for open source under the Apache License 2.0. In the future, we plan
on addressing scalability for large networks, testing usability with novice users, and
furthering the utility of visualizing network exposure models. NET-EXPO will be extended
to include a wider array of network exposure models and computation of longitudinal
network exposure models [27].
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Fig. 2.
Unidirected graph of network exposure visualized through NET-EXPO. The size of the node

indicates network exposure to unprotected sexual activity. Green nodes represent the sex
workers and the pink nodes represent the sex clients. (Color figure online)
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Fig. 3.

Ur?idirected graph of Korean village mothers where the blue nodes represent non-club
members and red nodes represent club members from NET-EXPO. Green lines are the co-
affiliation ties and gray lines are the non-co-affiliation ties. The size of nodes indicates
exposure to family planning methods based on non-club members shared interaction with
club members. (Color figure online)

HClI Int 2019 Posters (2019). Author manuscript; available in PMC 2019 September 11.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Amith et al. Page 11

- @

oo @

04333 i

0.0 “ - . 04333
00

0o 00

00 )
0.0

Fig. 4.
Two network exposure visualizations of teenage drug use resulting from decomposed

network exposure model computation from NET-EXPO.
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