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Abstract—We present NetEvViz, a visualization tool for analysis
and exploration of a dynamic social network. There are plenty
of visual social network analysis tools but few provide features
for visualization of dynamically changing networks featuring the
addition or deletion of nodes or edges. Our tool extends the
codebase of the NodeXL template for Microsoft Excel, a popular
network visualization tool. The key features of this work are (1)
The ability of the user to specify and edit temporal annotations to
the network components in an Excel sheet, (2) See the dynamics
of the network with multiple graph metrics plotted over the
time span of the graph, called the Timeline, and (3) Temporal
exploration of the network layout using an edge coloring scheme
and a dynamic Timeslider. The objectives of the new features
presented in this paper are to let the data analysts, computer
scientists and others to observe the dynamics or evolution in a
network interactively. We presented NetEvViz to five users of
NodeXL and received positive responses.

I. INTRODUCTION

The visualization of network structures has gained much at-
tention recently. The analysis of large scale complex networks
formed by social media has become an interesting topic with
great potential in terms of research and business. Through a
combination of computers and the cognitive capability of the
human visual system, visualization has been considered to be
one of the most powerful approaches for network analysis.

Dynamic networks are extensions of conventional networks
with temporal attributes attached to the vertices and edges.
Since the structure of a dynamic network evolves over time,
interesting questions related to temporal attributes arise. How-
ever, the analysis of a dynamic network can be challenging
without proper handling of the temporal attribute. When a
static network is simply shown at a certain time, the relations
between the previous and the next timestamp disappear. Even
if the network are shown side-by-side for comparison, the
differences can still be difficult to be found.

Of the many tools developed to perform network visualiza-
tion, NodeXL is a highly recognized tool based on Microsoft
Excel which supports flexible manipulation of the visual-
ization. However, there exists only limited ways to analyze
dynamic network in the latest version of NodeXL. In order to
let users of NodeXL visually analyze the dynamic nature of
networks, more advanced features are required.
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We present NetEvViz, a prototype system to visualize the
changes in dynamic networks. The prototype is an extension
of NodeXL. Two temporal attributes, Start Time and End
Time, represent the time each node or edge entered or left
the network, respectively. An example of applying temporal
attributes can be found in a social network, where each vertex
corresponds to a specific user and each edge corresponds
to the relation between a pair of users. The start and end
times of a vertex are the time points when the user joins or
leaves the social network by creating or deleting the profile,
respectively. The start and end times of an edge can be used to
represent the time when a be-friend-with relation is established
or terminated.

Our prototype aids the visualization of the change in a
temporal network by highlighting the state of the graph
around two timestamps. Given the two timestamps, which are
specified by the user, the vertices and edges are categorized
into groups with respect to their temporal attributes. Each
group is assigned a different color, which enables the user
to recognize subtle patterns otherwise hard to observe in a
homogenous graph. In order to select the points of interest,
the user is presented with the summary plots of certain metrics
over the timespan of the graph.

Due to the limitation of space, we have ommitted certain
details from this manuscript. At all such places, we have
referred to a longer version [16] of this document.

II. RELATED WORK
A. Dynamic Network Visualization

Visualization is an important and useful approach to analyze
network data. Network visualization techniques have been
proposed in various domains including social networks [22],
[12], biological networks [21], and computer networks [7].
The problem of representing temporal knowledge and temporal
reasoning has long been studied [5], in order to discover
relations and patterns [6] and to learn from the past to
predict, plan, and build the future [4]. The temporal dimension
is crucial for social network analysis and visualization too.
With the recent popularity and availability of temporal or
longitudinal network data, there has been an increasing interest
in developing visualization techniques for dynamic networks.
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Ahn et al. [3] surveyed the tasks of temporal network analysis
using temporal network visualizations. In general, these visu-
alization techniques use two popular approaches to represent
the network data.

The first approach uses the traditional node-link representa-
tion to visualize the network. To add the temporal information,
the authors of [9] proposed a 3D layered visualization design
in which each newly introduced part of the network is shown
in a layer of its own and the composition of consecutive
layers represents the corresponding state of the network. [18],
[8] studied two types of visualizations of temporal social
networks: (1) static flip books (a combination of fixed node
layout and dynamic social relationships), where the node
positions remain constant but the edges accumulate over time
[10], and (2) dynamic movies where nodes move as a function
of changes in relations [11]. The authors of [2] proposed
five principles for implementation of temporal visualizations
for social networks and presented two network prototypes
NodeXL and TempoVis.

The second approach represents a network by an adjacent
matrix. TimeMatrix [23] proposed a matrix-based visualization
for temporal network data in which each cell in the matrix
contains a bar chart glyph to show how a certain attribute of
the corresponding nodes or edges change over time.

Finally, a hybrid approach which combines both node-
link-based and matrix-based representations have also been
used to visualize static networks such as MatrixExplorer [13],
MatLink [14] and NodeTrix [15]. However, to the best of our
knowledge there is no hybrid approach based tool built for
temporal network visualization.

B. Topological Network Statistics

Besides showing the node-link-based layout of the network,
our visualization attempts to incorporate a set of network
topology metrics [22], [20] to show quantitatively how the
network changes over time. This can be done by plotting a set
of network topological measurements at different time points.
Network topology has been extensively studied on a wide
range of networks including social, biological and computer
networks. A variety of topological metrics have been proposed
to measure important different types of network properties.

Broadly, the network topology measurements can be divided
into three groups from a lower to a higher abstraction level:
local, group (or community) and global metrics. Note that
this categorization of metrics is not mutually exclusive. Many
metrics at lower levels can be aggregated (e.g., sum, average
etc) over multiple nodes to achieve values or distributions at
higher levels. Local metrics measure the topological prop-
erties of individual nodes in the network. This group of
metrics includes degree, betweenness, closeness, eigenvector
and PageRank centralities. In addition, clustering coefficient
and assortativity coefficients are a measurement of how nodes
locally connect to each other. Group metrics measure the
topological properties of a group or community of nodes in the
network which include modularity [19] and group evolution
metric [21]. Global metrics quantify different properties of
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the whole network such as number of nodes, number of edges,
density, etc.

Besides measurements for static networks at different points
in time, a number of metrics have been proposed to explicitly
quantify the change of network over time. [17] introduced
a novel dynamic centrality metric which measures how well
connected a node is over time. [21] proposed two metrics to
quantify how groups of nodes in the network evolve over time.

C. NodeXL

NodeXL is a free and open source tool for Network Analysis
and Visualization [12], [1]. The tool provides a rich set of
functionality for visual analysis of static networks. In the sec-
tion on design and implementation, we describe in more detail
the features of NodeXL and why it is a suitable candidate for
extension towards dynamic network visualization.

III. KEY DESIGNS AND IMPLEMENTATIONS
A. Introduction to NodeXL

As mentioned before, NodeXL provides many capabilities
for Social Network Analysis and Visualization within Ex-
cel. Visualizations can be done using different algorithms
like Fruchterman-Reingold, Harel-Koren etc. Using select and
drag, the user can choose to manually change the layout
that was computed algorithmically. Also, the network can
be annotated with the names or images of the nodes or
edges and the edges can be filtered based upon a numerical
attribute associated with that edge. Different nodes can be
colored according to a cluster specification or individually
as well. The tool also contains algorithms for calculating
network metrics like degree centrality, betweenness centrality,
clustering coefficient, eigenvector centrality etc.

The ease of data storage and manipulation with Microsoft
Excel, combined with the rich network visualization feature
set of NodeXL make the choice of extending NodeXL instead
of writing software from scratch a natural one. As explained
later, we were also able to utilize Excel’s API for plotting the
Timeline. Finally, since NodeXL is open-source software, our
future goals of distributing these changes to a large audience
of interest are better pursued through this choice.

In order to understand the functionalities provided by
NetEvViz, we require the reader to have a working knowledge
of NodeXL. For the readers unfamiliar with it, we provide
a very brief account of NodeXL in the following sentences
and strongly recommend going through the 40-page tutorial
that can be found at [1] and optionally refer to [12] as well.
In order to use NodeXL in Microsoft Excel 2007 or 2011,
the user needs to install the required plug-in and bring up a
NodeXL workbook template as shown below. Two worksheets,
Vertices and Edges, need to be populated in order to specify the
the input network. Vertices and Edges can either be populated
entirely manually, imported in several formats like Pajek, or
imported directly from a Twitter account. Upon data import,
the user can calculate various metrics, compute clusters or lay
out the graph on the pane shown in the right side of the excel
plug-in. The NodeXL ribbon provides various functionalities



that can be used to refine the visualization and aid in the
network analysis process.

B. Implementation with NodeXL

In order to visualize the temporal aspects of a network, we
were required to make a list of changes and add new features to
the NodeXL codebase. To start with, the start and end time of
a node are essential inputs to the tool for mapping the temporal
dimension of data. We added Start Time and End Time columns
to the Vertices and Edges worksheets, which specify the time
at which a node or an edge joined and the time after which it
was no longer a member of the network, respectively. In many
networks, a node joins the network and stays forever, whereas
in others it can leave the network or break a relationship at
some later point in time. Hence, we consider it mandatory to
enter the Start Time for temporal analysis, but the absence of
an end time is understood to be the current time by default.
Note that the absence of a timestamp in any of the rows
does not affect any existing functionality and hence backwards
compatibility is guaranteed. This means that all of NodeXL’s
features can still be performed with NetEvViz in the same
way. Currently, we have put these two columns as the first
two of the user-defined columns and we proposed that this
be made a part of the mainstream NodeXL template. For this
version of our tool, we have designed two main features -
Timeline, to view the dynamics of the network using a change
in graph metrics, and a Timeslider for Temporal Comparison.
Accordingly, we created a tab in the NodeXL ribbon. These
can be seen in Figure 1. The details of the features follow in
the next two subsections.
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Fig. 1. The Edges worksheet of NEtEvViz for Twitter dataset with Start and
End Times
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C. Network Timeline

In order to provide a high level overview of the dynamics
of a network, we present the user with a Timeline of different
graph metrics. The essential idea is to let the user view the
change in metrics over time and identify points of interest with
respect to those metrics. Graph metrics are different from node
metrics in the sense that they present a property of the whole
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graph instead of components of the graph individually. Exam-
ples of such metrics are overall node count, overall edge count,
graph density, average betweenness centrality, and average
clustering coefficient. We believe that for a user analyzing a
new dataset, getting an overview at the highest level is the first
important insight. In this project, we implemented the three
most basic metrics for temporal graphs, namely, temporal node
count, temporal edge count and temporal edge-node density.
The user can compute these metrics and plots by clicking the
Timeline button on the Temporal tab of the NodeXL Ribbon.
The user can also select the number of sampling points from
the drop down box named Steps. Three options are provided
- 5, 10 or 15, the first one being the default value. According
to the number of steps selected, the tool calculates the values
of metrics at the different timepoints. The selection of actual
timepoints is a separate problem in itself. One way of going
about it is selecting the points of maximum change reflected
in the graph. However, time being a continuous quantity, it is
a rather ill-defined problem to take such an approach. Another
option could be to calculate and plot these metrics at all
times where there was a change. However, there are obvious
performance issues with this approach. In the absence of an
obvious method to figure out the timepoints of importance,
we adopted the selection of timepoints at uniform intervals of
time. Starting from the start time of the first edge and ending
in the last time of the edge, the Timeline consists of 5,10 or 15
equally spaced timepoints. Figure 2 shows the Timeline metric
values and plots for a dataset consisting of Twitter replies and
mentions described in the section on Evaluation.

D. Timeslider

NodeXL provides a set of dynamic filtering sliders cor-
responding to a column, specifying a certain feature of the
nodes or edges in the network. These double-headed sliders
allow the users to interactively filter out nodes and/or edges
from the network by selecting the ranges of different features.
In NetEvViz, we introduce Timeslider, which is implemented
based on the built-in dynamic filter sliders in NodeXL. Similar
to the above-mentioned sliders, the Timeslider is also a double-
headed trackbar which allows users to move its two handles to
select a time period. A major difference is that the Timeslider’s
values are drawn from the contents of both the Start Time
and the End Time columns. Thus, the range of the Timeslider
would be from the earliest time stamp in the Start Time column
to the latest time stamp in the End Time column. We denote
these two time points ¢,,;, and t,,q., respectively.

By selecting two time points of interest, the user can
visualize the differences of the network at the two specified
time points. The two selected time points are denoted by ¢;oer
and typper, respectively. Figure 3 shows how the Lower and
Upper Selected Time divide the whole time range into three
periods. Each edge of the network can be categorized into one
of the six disjoint sets based on the relationship between their
start and end times with the lower and upper selected times.
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Fig. 2. A Timeline of fifteen steps for the Twitter network, showing plots for edge count, node

ribbon is circled in red.
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Fig. 3. The Timeslider with two selected time points dividing edges into six
categories

Let ¢, and ¢, denote the start and end time of an edge. The
six categories of edges are as follows:

1) timin < ts < te < tiower: Set of edges that were added
and deleted before the lower selected time £;,yer--
tiower < ts < te < tupper: Set of edges that were
added and deleted between (but not inclusive) the lower
selected time ¢,,;, and the upper selected time ¢,,4-
tupper < ts < te < tmag: Set of edges that were added
and deleted after the upper selected time ¢4,

tmin < ts < tiower < te < tupper: Set of edges added
before the lower selected time ¢,,,;, and deleted between
(but not inclusive) the two selected time points.

tiower < ts < tupper < te < tmaa: Set of edges that
were added between the two selected time points and
deleted after the upper selected time £,pper--

tmin < ts < tiower < tupper <te < taa: Set of edges
that were added before the lower selected time t;oper
and deleted after the upper selected time typper-

2)

3)

4)

5)

6)
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count and edge:node density. The Temporal tab in the NodeXL

Time Filter
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E Not exist in both timestamps

Exist in both timestamps I:]

Only exist in the first timestamp

Only exist in the second timestamp

Fig. 4. The Timeslider with double headers to select two time points. Four
buttons select colors for different edge categories

In order to help the user distinguish different sets of edges
described above, we add four buttons to let the user choose the
colors to represent four different types of edges (Figure 4). In
principle, since there are six categories of edges, one can use
six colors. However, since edges in categories 1, 2 and 3 do not
exist in the network at either of the two selected time points,
we decided to use the same color to represent edges in these
categories. By default, this group of edges is colored in gray
and denoted by “Does not exist in either timestamps™ as shown
in Figure 4. The other three edge categories are represented
by three different colors to be chosen by the user. The default
color for category 4, “Only exists in the first timestamp”, is
green, for category 5, “Only exists in the second timestamp”,
is blue and for category 6, “Exist in both timestamps”, is red.

To illustrate, we use an example of a network consisting of
11 nodes (people) and 21 edges (friendship). Each edge in the
network consists of start and end time ranging from 14-Oct-
2010 12:00 AM to 25-Oct-2010 12:00 AM. Figure 5a shows
the visualization of the network using NodeXL. Figure 5b
shows the visualization of the network with the same layout
when the Timeslider is used and the two time points selected
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temporal color coding ability NetEvViz’s Timeslider

Fig. 5. A temporal network drawn without and with a time based edge
coloring scheme

are 14-Oct-2010 10:03 PM and 21-Oct-2010 12:38 AM,
respectively. In this new visualization, we can clearly see edges
in different categories with respect to the two selected time
points. The set of edges which only appear at the first time
point is coded in green containing 6 following edges (Wen,
Sameer), (Claudio, Wen), (Martin, Jill), (Jill, Steve), (Jill,
Anushka) and (Steve, Anushka). There are only two edges
which appear in both time points, (Craig, Jill) and (Craig,
Steve), and they are coded in red. The blue edges are the ones
which only appear at the second time point. This set contains
6 edges (Alex, Anwar), (Alex, Sameer), (Wen, Kent), (Craig,
Sameer), (Sameer, Kent) and (Jill, Kent). The remaining edges
are coded in gray, which indicates the set that does not exist
at both time points.

IV. USABILITY SCENARIOS

In this section, we provide a few examples to demonstrate
NetEvViz for dynamic social network exploration.

A. Dataset

The dataset used in our evaluation was collected from
Twitter using the NodeXL’s Twitter Search importer [12]
focusing on the toss-up gubernatorial races in the 2010 United
States midterm elections in Georgia between Nathan Deal and
Roy Barnes. Further details of the dataset can be found in
[16].

B. Case Study

Given the Timeline presented in Figure 2, the color coding
scheme presented in this paper can be used in various ways to
visualize temporal aspects of the network. The specific choice
of hue or shade a category of edges and the combination of
choices for different categories is important in generating a
meaningful layout. We illustrate one of the cases for the given
Twitter dataset below.

Scenario: Visually compare the activity on October 26 and
November 6 for the given network.

In order to show a direct comparison between the networks
at two different timepoints, we chose to locate the two sliders
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Time Fitter
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(a) Configuration of the Timeslider
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- é / |
ey splie’® 2 .

Creatad with NodeXL (hmo/nodexl codeplex.com)
(b) Layout depicting activity on October 26 in Red and November 6 in Green

Fig. 6. Comparative activities on two different days using different colors
in a single layout

at the given times, as shown in Figure 6a. The color of the
edges valid only at the first timestamp are chosen to be in
Red, whereas the ones valid only at the second timestamp
are in Green. Note that colors are chosen to provide a contrast
between the edges at two timepoints. The edges that belong to
both are neutral and represented in Black, and those belonging
to neither are made invisible by selecting a white color in
a white background. Figure 6b shows the difference in the
concentration of activity at the two given dates using the color
scheme mentioned above.

Other scenarios may require a different combination of
colors on the Timeslider. The scenario mentioned in this paper
is aimed at presenting the basic guidelines on how to make
those choices. [16] gives more examples such as a) Find out
the the areas with high conversation activity around October
23, 2010 and compare it to the state of the network few days
before and after the peak, b) What are the conversations that
were alive for 5 days (approx.) or more?, and, c¢) Highlight
the conversations valid at one of the two given timepoints.

V. EVALUATION

In order to assess the effectiveness of our new features to
NodeXL, we designed and performed a user study with five
subjects. We first decided on a list of tasks related to temporal
network analysis together with a questionnaire for the user
to evaluate and make suggestions after performing the tasks.



From the anwers to the questionnaire and the comments of
participants, we concluded that users, in general, had a positive
experience in using NetEvViz. They found it useful to use
NetEvViz to visualize and compare temporal networks at two
different time points. They were especially in favor of the
feature of color selection and comparison. However, they also
reported that the occlusion of edges made it hard to detect
the target edges, and that it was difficult to select the exact
time in the Timeslider. The details of the study including the
questionnaire can be found at [16].

VI. CONCLUSION

In this work, a prototype is built upon NodeXL to explore
the potential of using visualization to help the analysis of
dynamic networks. The prototype contains two new features,
the Timeline and the Timeslider. The Timeline gives the user
a summary of the network over time, which allows the
user to obtain an overview of the changes in the network.
Timeslider allows for precise comparison of the differences
in the network, which are highlighted with colors, given two
timestamps which are specified by the user.

A user study was conducted to confirm the usefulness of
our prototype. Five participants with prior NodeXL experience
were recruited. The study follows the procedure of training,
pre-study questionnaire, performing predefined tasks and post
study usability questionnaire. Summarized from the feedback
of the user study, the users had a positive experience and found
it is useful to use our NetEvViz features to visualize and an-
alyze temporal network data with Excel. Users acknowledged
the novelty in the idea of using Timeslider to select the time
point and then compare the network instances in the same
layout. The users also liked the Timeline and the ability to
dynamically edit edges and nodes in the spreadsheet despite
some inconvenience in the user interface and color coding,
which were duly noted as software bugs.

NetEvViz is a first step to understanding how NodeXL can
be used to analyze dynamic networks. Future work includes:

e More sophisticated metrics (e.g. clustering coefficient)
can be added to the Timeline beside the three metrics
we implemented. The challenge lies in the computation
overhead, which may have to be addressed specifically.

o The Timeslider can be extended to color the nodes as well
as edges. Also, it would be interesting to look at visual
properties beside color (e.g. shape or opacity).

o Support the analysis of egocentric network by allowing
the users to specify the vertex they are interested in.
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