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Hierarchies, Graphs, and 
Networks (oh my) part two
C. Andrews
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Space filling trees
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What are we trying to discover?
It is all about structure and relationships

child
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Conventional tree visualization

http://www.informatik.uni-koeln.de/ls_juenger/research/vbctool/
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Radial layout

http://bl.ocks.org/mbostock/4339607
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SpaceTree

Grosjean, et al. “SpaceTree: Supporting Exploration in Large Node Link Tree, Design Evolution and Empirical Evaluation”
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Hyperbolic browser

The tree  is laid out in 
hyperbolic space and 
mapped back to the unit 
circle.

Lamping et al. “A Focus + Context Technique Based on 
Hyperbolic Geometry for Visualizing large Hierarchies”

Can show 10x the number of 
nodes of a standard 2D 
approach (1000 vs. 100)
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Treemaps http://www.cs.umd.edu/hcil/VisuMillion/
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Even more approaches...

18 

Fall 2013 CS 7450 

Compare results 
www.cs.umd.edu/hcil/treemap-history/java_algorithms/LayoutApplet.html 

Compare 
   - slice and dice 
   - squarified 
   - strip 
   - pivot 
techniques by 
   - aspect ratio 
      width to height 
   - structural change  
       metric designed to 
        measure movements  
        of items 
   - readability 
       metric based on changes 
        in direction of eye gaze as  
        items scanned 

35 

Fall 2013 CS 7450 

Slice-and-dice Cluster Squarified 

Strip Pivot-by-size Pivot-by-middle 

36 

borrowed from J. Stasko
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Radial space filling
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Networks

Tree Network
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Graph representations

A
B

C

edge source sink
1 A B
2 B C

node attr1 attr2
A - -
B - -
C - -

Node - link diagram

vertex and edge tables adjacency lists

A: B
B: A, C
C: B

A
B
C

A B C
0 1 0
1 0 1
0 1 0

adjacency matrix
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Shneiderman’s NetViz Nirvana

Every node is visible

For every node, you can count its degree

For every link you can follow it from source to destination

Clusters and outliers are identifiable
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Aesthetic considerations

Minimize
• edge crossings
• area
• line bends
• line slopes
• total edge length
• max edge length
• edge length variance

Maximize
• smallest angle between edges
• symmetry
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Graph visualization

What do nodes look like? What do links look like?

How do we lay out the graph?
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Edge styles

Straight Orthogonal

Curved
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Common layout styles

Hierarchical

Force directed

Circular

Geographic

Clustered

Matrix

Attribute based
http://www.thenetworkthinkers.com/2013/03/big-data.html
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Hierarchical graph layout

http://www.roguewave.com/

Sugiyama layout

18Thursday, April 17, 14

http://www.roguewave.com/portals/0/products/visualization/docs/views/5.6.jp/Views.html#page/OptionsGraphLayout/layouts.5.13.html
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Force-directed layout
Constraint-based layout
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Force directed layout

http://bl.ocks.org/mbostock/4600693
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http://bl.ocks.org/mbostock/4600693
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Circular layout

http://www.perceptualedge.com/blog/?p=680
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http://www.perceptualedge.com/blog/?p=680
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Circular graph + hierarchical edge bundling

http://mbostock.github.io/d3/talk/20111116/bundle.html
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Chord diagram

http://www.facegroup.com/tag/influencers
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http://bost.ocks.org/mike/uberdata/
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Geographic

https://www.metabunk.org/threads/visualizing-flight-paths-above-30-000-feet.812/
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https://www.metabunk.org/threads/visualizing-flight-paths-above-30-000-feet.812/
https://www.metabunk.org/threads/visualizing-flight-paths-above-30-000-feet.812/


Clustered graph layout

Balzer and Deussen, “Level of Detail 
Visualization of Clustered Graph Layouts”

http://research.microsoft.com/en-us/projects/nodexl/

http://www.personal.psu.edu/lug129/blogs/serendipity/graph-drawing/
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http://research.microsoft.com/en-us/projects/nodexl/
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Adjacency matrix

http://hci.stanford.edu/jheer/files/zoo/
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MatrixExplorer

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 12, NO. 5, SEPTEMBER/OCTOBER 2006 

 

MatrixExplorer: a Dual-Representation System to Explore 

Social Networks

Nathalie Henry and Jean-Daniel Fekete 

Abstract— MatrixExplorer is a network visualization system that uses two representations: node-link diagrams and matrices.  Its 

design comes from a list of requirements formalized after several interviews and a participatory design session conducted with 

social science researchers.  Although matrices are commonly used in social networks analysis, very few systems support the 

matrix-based representations to visualize and analyze networks. 

MatrixExplorer provides several novel features to support the exploration of social networks with a matrix-based representation, in 

addition to the standard interactive filtering and clustering functions. It provides tools to reorder (layout) matrices, to annotate and 

compare findings across different layouts and find consensus among several clusterings.  MatrixExplorer also supports Node-link 

diagram views which are familiar to most users and remain a convenient way to publish or communicate exploration results.  

Matrix and node-link representations are kept synchronized at all stages of the exploration process. 

Index Terms— social networks visualization, node-link diagrams, matrix-based representations, exploratory process, matrix 

ordering, interactive clustering, consensus. 

 

 
Fig. 1. MatrixExplorer showing two synchronized representations of the same network: matrix on the left and node-link on the right. 

1 INTRODUCTION 
Information visualization has been used to support social network 

analysis since the 1930s.  Social scientists use visual representations 
both to explore datasets and to communicate their results.  Some 
information visualization systems focus on exploration, taking 
advantage of features of the human perceptual system to discern 
visual patterns in the data.  Others help researchers draw social 
networks, usually in the form of node-link diagrams to represent 
trees and graphs.  Although adjacency matrices have played an 
important role in social networks analysis since the 1940s [16], few 

social scientists use their visual representations to communicate their 
findings. 

This article presents MatrixExplorer (Figure 1), which offers both 
node-link and matrix representations to help sociologists and 
historians explore and communicate social networks.  The node-link 
diagrams provide intuitive representations for relatively small 
networks, and, when adequately visualized, remain a powerful means 
of communication.  MatrixExplorer also provides tools for 
reorganizing, clustering and filtering graphs using a matrix 
representation.  These matrices are always readable, even for large 
and dense graphs, and thus support exploration throughout the 
analysis process.  MatrixExplorer offers several novel features to 
help explore complex social networks, using the most suitable 
representation at any time. 

This paper is organized as follows: we first present related work 
and describe the requirements for a visual exploration system that we 
defined together with social sciences researchers.  We then describe 
MatrixExplorer and detail its major features for matrix-based 
representations.  We conclude with discussion and future work. 

 
x Nathalie Henry is with INRIA Futurs/LRI and University of Sydney, 

E-Mail: Nathalie.henry@lri.fr. 
x Jean-Daniel Fekete is INRIA Futurs/LRI,  

E-Mail: jean-daniel.fekete@inria.fr. 
Manuscript received 31 March 2006; accepted 1 August 2006; posted online 6 
November 2006. 
For information on obtaining reprints of this article, please send e-mail to: 
tvcg@computer.org. 

Henry and Fekete, “MatrixExplorer: a Dual-Representation 
System to Explore Social Networks”
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MatrixExplorer

Henry and Fekete, “MatrixExplorer: a Dual-Representation 
System to Explore Social Networks”

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 12, NO. 5, SEPTEMBER/OCTOBER 2006 

alters the data structure.  Therefore, participants asked that the 
system remind them that filtered data still exists. 
 
R10 - Clusters: In social networks analysis, cluster detection or 
community detection is very important and required for exploration. 
A large panel of automatic methods exists to cluster networks.  Users 
may also detect them manually.  As for the graph layout, participants 
wanted to combine interaction with automatic algorithms.  They 
expressed the need to handle several clusterings for a network and to 
annotate their clusters (giving each a name and a description). 
 
R11 - Outliers: Social researchers are interested in outliers.  For 
example, they try to understand why an actor has a different 
connection pattern or why two actors do not communicate within the 
same cluster.  A system should not only filter outliers as dataset 
noise but support their discovery. 
 
R12 - Consensus: Participants deal most of the time with multivariate 
data, i.e. several kind of relationships and attributes for actors.  Thus 
they compute several clusterings depending on the attributes chosen 
and the visual representations.  Participants asked for tools to 
identify a consensus among the clusters or differences. 
 
R13 - Aggregation: Participants agreed that aggregating networks 
based on the clusters or communities was a useful feature to reduce 
the network size and help present results.  However, they were 
concerned by the loss of information when dealing with aggregated 
networks and insisted in being able to get back to the full data when 
exploring the aggregated networks. 

4 MATRIXEXPLORER 
MatrixExplorer is a first attempt to fulfil social sciences researchers’ 
requirements for an exploratory system.  In this section, we describe 
MatrixExplorer’s main features. 

4.1 Coupling node-link diagrams and matrices 
MatrixExplorer is based on two representations: matrix-based and 

node-link diagrams meeting the first requirement of our users (R1).  
Node-link and matrix visualizations are synchronized in order to let 
the user work with both representations, switching smoothly from 
one to the other. 

Multiple visualizations are synchronized by selection and 
filtering.  Basically, if a user selects a set of actors in the matrix, this 
same set will be selected in all other visualizations (selection) and 
data filtered in one visualization will disappear from all others 
(filtering).  Selection improves the transition from one representation 
to the other and constitutes the core of the coupling.  Filtering 
preserves the coherence of the visualizations by presenting the same 
data, even if the attributes visualized are different. 

In addition, visualizations can be synchronized by any visual 
attribute, simply by interactively setting the same attribute for the 
same visual variable.  Thus, the user still has the possibility to not 
synchronize the visualizations in order to compare two attributes.  
With our system, users explore their networks using both 
representations, accomplishing tasks more easily with one 
representation or the other and visualizing the effect of a selection, or 
filtering, on all visualizations and their overviews. 

Figure 3 shows a dual-representation of a co-authoring network 
and the correspondence of visual patterns in matrix and node-link 
representations. The process to obtain both representations follows: 
the user first automatically ordered the matrix, identified clusters 
(communities) and attributed colors to identify them.  He then 
switched to a node-link diagram, displaying the community colors 
and laying the network out manually in order to better visualize how 
communities are linked and organized.  Finally, moving back and 
forth between both representations, he identified the global structure 
of the network. 

 
Fig. 3. Visual patterns in Matrix and Node-link representations of 
social networks. A represents an actor connecting several 
communities, B a community and C a clique (complete sub-graph). 

4.2 Overviews 

4.2.1 Datasets and workspace overview 
MatrixExplorer proposes a quick overview of the user workspace.  
This overview includes for each dataset: general information on the 
graph and a visual overview of the related visualizations created by 
the user (Figure 4).  This visualization covers requirements R4 
(dataset general information) and R6 (analytical information) as well 
as R3 (Overview). 

 

 
Fig. 4. Workspace Overview. In this session, the user created 4 
distinct visualizations (from left to right): matrix-based representation, 
node-link diagram of the full network, connected component 
visualization, and finally, matrix-based representation of one selected 
connected component. 

Information appearing for each graph is: name, directed or not, 
number of vertices, number of edges, number of connected 
components, number of vertex attributes and their labels, the number 
of edge attributes and their labels, global density of the graph, 
minimum and maximum degree, and in/out degree if the graph is 
directed.  We defined this list with social-science researchers, who 
specifically pointed out the lack of information about the attributed 
of vertices and edges (R4 and R6).  

The different visualizations related to a dataset are shown below 
this information, as thumbnails.  With the workspace overview, the 
user has a reminder of existing visualizations, as exploring a social 
network can generate many windows and can show/hide 
visualizations in one click. 
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TouchGraph
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Case Study: VAST 2008 Challenge

Correa et al.
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Case Study: VAST 2008 Challenge

Correa et al.
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Case Study: VAST 2008 Challenge

Correa et al.
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Jigsaw
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Jigsaw
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Biofabric

Longabaugh, “Combing the hairball with BioFabric: a 
new approach for visualization of large networks”
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PivotGraph

Wattenberg, “Visual Exploration of Multivariate Graphs”

 

THE PIVOTGRAPH APPLICATION 
This section describes the PivotGraph software that allows 
users to interactively explore roll-ups and selections of 
multivariate graphs. PivotGraph is a desktop application 
written in Java. See Figure 5 for a screenshot.  (Note that in 
this and several other screenshots some text was changed in 
order to mask confidential data.) The PivotGraph interface 
has three components.  A traditional menu bar lets users 
handle files and change various viewing parameters. At the 
left is a panel with three parts: two drop-down menus to 
determine roll-up dimensions for the x- and y-axes; a 
legend; and a set of drop-down menus, one for each 
dimension, that allow the user to specify selection 
parameters. Finally, the bulk of the screen is devoted to the 
graph visualization itself. 

Visualization 
Although the basic idea of the scatterplot representation 
described in the previous section is simple, it turns out there 
are a number of subtle challenges that need to be addressed 
for the visualization to remain legible.  

Before diving into the details, it may be helpful to describe 
the data shown in Figure 5, which is a good example of the 

Figure 5. Screenshot of PivotGraph in action. 
 

 visualization at work. The screenshot shows an 
anonymized view of a real social network within a 
corporation. Nodes in the graph represent people, and edges 
represent communication. The graph is rolled up by gender 
(x-axis) and office location (y-axis). Several patterns can be 
seen in the visualization. There is a large amount of cross-
gender communication in Location B, for example, but very 
little elsewhere. Men in Location B seem to be especially 
central, with women in locations C, D, and E 
communicating more with them than with men in their own 
locations. The node sizes provide an indication of how 
many men and women are at each location, and it is easy to 
see that in the graph one location (A) has only men. 

Layout 
Each node is represented by a circle whose x- and y-
coordinates are determined by the current roll-up 
dimensions. (If there is only one roll-up dimension, then the 
dots are laid out on a line, as in figure 6.)  The area of each 
circle is proportional to the size variable of the node. In an 
early version of the program, the sequence of dimension 
values on the axes was determined simply by alphabetical 
ordering. A second version of the program rearranged the 
order of the values to create a more meaningful use of 
space. To do this for a given dimension, the roll-up of the 
graph onto that dimension is created, after which a 
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PivotGraph

 3

follows. Divide the nodes of G into a set of n equivalence 

classes S={S1, S2, ...., Sn} where two nodes are equivalent if 

they have same value on each dimension in D.  For 1�i �n, 

define a node Ni of RD(G), with the size of Ni set to the sum 

of the sizes of nodes in Si. Finally, for 1�j �n, RD(G)  is 

defined to have an edge between Ni and Nj if i � j, and there 

are any edges in G between the nodes in Si and Sj. (In some 

contexts this definition might be modified to allow self-

loops, that is allow i = j in the above definition.) The weight 

of the edge between Ni and Nj will be the sum of the 

weights of all edges between nodes in Si and Sj. 

An analogue of selection is a simpler operation that results 

an induced subgraph [5]. The idea is to take a subset of the 

original graph whose nodes have specified values on a 

particular set of dimensions. Figure 3 gives an example; 

formally, for a set of m dimensions D={D1, …, Dm} and m 

values {V1, …, Vm}, the nodes of selection graph SD,V(G) 

are all the nodes N of G such that Di(N)=Vi for each 1�i �m. 

The edges of SD,V(G) are all edges of G that connect nodes 

of SD,V(G).  

 

Figure 3. Selection on “gender=female” 

Visualizing Graphs with Few Data Dimensions 
The roll-up and selection transformations both simplify a 

graph by removing dimensions from consideration, and in 

the process they typically reduce the number of nodes and 

edges as well. As discussed above, one of the motivations 

for using them here is that simplifying a graph to fewer 

dimensions makes it easier to visualize. In particular, once a 

graph has been reduced to two dimensions, D1 and D2, it 

has a natural scatterplot-like layout. Each value of D1 is 

assigned a position on the x-axis, and each value of D2 is 

assigned a position on the y-axis. Then a given node in G is 

assigned x and y coordinates based on its values on 

dimensions D1 and D2. Figure 4 shows an example of this 

method. At left is a standard node and link diagram 

showing an undirected social network where nodes are 

classified by gender (M or F) and company division (1 or 

2). At right is a scatterplot-style “PivotGraph diagram”, 

based on a roll-up on the gender and division dimensions. 

Note that in the roll-up view, node size corresponds to the 

number of nodes being aggregated, and edge thickness 

corresponds to the number of edges being aggregated. 

  

Figure 4. Node-and-link diagram versus PivotGraph 

 

The two types of diagrams have different strengths. While 

the node-and-link diagram makes the topology clear, the 

PivotGraph diagram makes it immediately obvious that 

there are connections between all gender/division pairs, 

with the exception of men and women in division 2. The 

PivotGraph diagram uses circle size and line thickness to 

show node sizes and edge weights, allowing quantitative 

comparisons and conveying a sense of salience of nodes 

and edges. 

Related work 
Although the combination of a grid-based layout with these 

OLAP-style operations is new, the PivotGraph technique is 

related to several streams of previous work.  

Aggregation of nodes and edges according to various 

criteria is a well-known technique for simplifying complex 

graphs [3, 15], and there has been recent work on the idea 

of letting the user dynamically control the level of detail by 

aggregating based on topological criteria [13]. Systems 

such as Pajek [2], Tulip [1] and the InfoVis Toolkit [8] also 

have some degree of support for such computations. Many 

social network analysis tools allow some form of selection 

[6] and some packages, such as NetMiner [18] and InFlow 

[17] can compute roll-ups on a single dimension. 

The idea of placing nodes according to their properties 

(rather than edge topology) appeared in the work of Fekete 

and Wang [9]. Instead of working with a grid, however, 

they used a treemap to lay out nodes taking values in a 

hierarchy. NetDraw [6] has a layout option based on node 

attributes but does not perform a roll-up operation. 

PivotGraph is not the first visualization technique to depend 

on the OLAP paradigm. Gray et al. [12] describe a set of 

data-cube operators with the purpose of supporting 

visualization, though they do not discuss particular 

visualization techniques. The Polaris system [20], which led 

to the commercial Tableau product [22], has a sophisticated 

framework for visualizing traditional data cubes, although 

they do not treat graph-based data. Finally, when rolled-up 

on one dimension, the PivotGraph layout is reminiscent of 

both the ThreadArcs visualization used for email threads in 

[16] and Arc Diagrams [24].  

Wattenberg, “Visual Exploration of Multivariate Graphs”
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PivotGraph

Wattenberg, “Visual Exploration of Multivariate Graphs”
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data. In each case, the users had employed other 
sophisticated tools for previous analyses. Since the goal of 
PivotGraph is to help users find new patterns and spot 
undiscovered features of graph data, one test of its value 
was to watch experts analyze familiar data to see if they 
would find previously unknown facts and patterns. 

For each of the three pilots, each analyst was given a copy 
of the program which automatically loaded their data. The 
author then engaged in a semi-structured interview in which 
the program was first described, and then the analyst was 
asked to spend some time using it while they explained 
what they were looking for and what patterns they were 
finding. In each pilot a subject found patterns which they 
had not been aware of before. All users reported a positive 
response to the tool; while this is potentially due to a 
novelty effect or desire to please the interviewer, in several 
cases users took actions that backed up their reports. 
Specifics are below, although names have been changed 
and details have been removed for reasons of privacy and 
confidentiality. 

Pilot 1 
The initial motivation for the creation of PivotGraph came 
from a project that involved analysis of a transition matrix 
consisting of 521 states (nodes) and 2,671 transition 
probabilities (weighted edges). Each state had four 
associated categorical attributes.  

The group studying this data had worked with it for several 
months and used custom-built database reporting and 
charting tools for viewing and analysis. In conversations 
with the author they expressed interest in having a new way 
of visualizing the data. The first version of PivotGraph was 
created in response to this interest. Three of the people on 
the project ran PivotGraph: Allen, a computer scientist; 
Deanna, a software developer, and Bob, a senior executive. 
Each was interviewed separately. 

Bob, the executive, began trying different x- and y-axis 
combinations as soon as he was shown the tool. He pointed 
to several cross-variable trends, including one he termed 
“weird and interesting.” Bob said he had not previously 
spotted any of these patterns, despite having “stared” at the 
data before, and said he definitely wanted to use the 
program again. During the session Bob continued to change 
the view configuration and made several positive comments 
on the animated transitions. 

Deanna, the developer, said that she saw “totally different” 
patterns in the data than she had seen before. As the keeper 
of the database that contained the transition information, 
she had spent a significant amount of time handling the 
data. Like Bob, she made many cross-variable comparisons. 
She too said she would like to use the program again. 

When Allen, the computer scientist, began using 
PivotGraph, he quickly pointed to a series of anomalous 
transitions. In one roll-up (Figure 9) a certain feature was so 
implausible that it seemed likely to be caused by a bug in 

the PivotGraph code. After careful checking, however, it 
was confirmed that the anomaly really was present in the 
data—a finding which led to subsequent action on the part 
of the group. Thus the software had uncovered a significant 
fact about the data. 

Figure 9. Anomalous transitions: In this data set, each of 
the arcs spanning more than two columns represents a 
surprising data point. 

Pilot 2 

Liz, a social network analyst and researcher, had recently 
analyzed data on communication patterns in a community 
of 146 people within a large company. Each person in the 
community was classified on five dimensions, such as 
corporate division and geographic location. The network 
had directed edges, with an edge from person A to person B 
meaning that person A had reported communicating 
recently with person B. Liz used both UCINet/NetDraw [6] 
and Microsoft Excel to study the data.  An anonymized 
screenshot of one view of her data in PivotGraph is shown 
in Figure 10. 

 
Figure 10. Communication network of people in a large 
company. X-axis is division, y-axis is office geography. The 
division in the leftmost column has far more cross-location 
communication than the others. 

As with other users, when using PivotGraph she pointed out 
one and two-variable comparisons as she used the software. 
Inspecting a roll-up on the company division variable, she 
said, "There is more communication between Division X 
and Division Y than between Division X and Division Z."  
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