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Network visualization is highly useful, but hard!

There are many ways to make it easier
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Some of my work...
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Networks



Edge List

Vertex1 Vertex2
Alice Bob
Alice Cathy
Cathy Alice

Cathy

Adjacency Matrix

Alice Bob Cathy
Alice 0 1 1
Bob 0 0 0
Cathy 1 0 0
Bob







Who Uses Network Analysis
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What we have done: Open Tools

* YASNAT: NodeX

* Data providers (

* FOSS
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Clear NodeXL Workbook First

From UCINET Full Matrix DL File...

From GraphML file...

From GraphML files...

From Pajek File...

From Open Matrix Workbook...

From Open Workbook...

From NodeXL Graph Gallery

From Email Network...

From Exchange User's E-mail Network..
From Facebook Friend's Network (v.01)...
From Flickr Related Tags Network...
From Flickr User's Network...

From Twitter List Network...

From Twitter Search Network...

From Twitter User's Network...

From Web 1.0/Blog Metwork (via VOSON)...
From YouTube User's Network...

From YouTube Video Network...

From NodeXL Workbook Created on Another Computer.
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What we have done: Open Data

NodeXLGraphGallery.org

Pash, ™ \ ) Search
\ YIS F— X | GraphGallery
Y L

These are network graphs created with NodeXL, an open-source template for graphing network data in
Excel 2007 and 2010, You can leam more about NodeXL here,

Recent graphs:

TR 5 i
1234
About Nodexl,  How to Upload You
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What we have done: Open Scholarsth

}‘

> Webshop 2011: NSF, Google, Intel @,
> Webshop 2012: NSF, GRAND, Yahoo!, Google AR
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Grophisme, onimaticn et nouveaux médios




What we have d

one: Open Scholarship
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Viewpoint

Realizing the Value of Social
Media Requires Innovative

Ben Shneiderman, Jennifer Preece, and Peter Pirolli

Computing Research

Imumcral' mediaare expandmgmdimmlremamhand

OCIAL MEDIA TECHNOLOGIES
such as Facebook, Twitter,
blogs, wikis, Flickr, and
YouTube have garmered
more than a billion users.

These platforms enable more than
friendly chatter and individual ex-
pression; they facilitate remarkably
diverse and broad participation while
accelerating the formation of effec-
tive collaborations,

J: topics for comp and informati

There are deep
challenges in
understanding
the benefits

of social media
and ameliorating
their dangers.

Figure 1. (a) Harel-Koren (HK) fast multi-scale layout of a clustered network of Twitter users, using cobor to differentiate among the vertices in different
clusters. The layout produces a visualization with overlapping cluster positions. (b) Group-in-a-Box (GIB) layout of the same Twitter network: clusters are
distributed in a treemap structure that partitions the drawing canvas based on the size of the clusters and the properties of the rendered layout, Inside each
box. clusters are rendered with the HK layout.

Social media present dangers too.
These include the potential for more
polarized discussions s users selec-
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Derel( Hansen Ben Shneiderman Marc A. Smltl"l

Uered

Human-Computer
Interaction Lab
University of Maryland

Analyzing Social Media Networks with NodeXL

Connected

Action

Forthcoming,
http://nodexl.codeplex.com Sept 2010




We still have a
problem...



Node-Link Visualization is Hard
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So what can we do?



Better Lauts...

Hachul & Junger, 2006
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Hachul & Junger, 2006



Alternate visualizations...
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Plan of attack

Reada
e Globa

oility metrics

/local

e Taxonomy/layout aids

¥

Motif
simplifications

. 2

Meta-layouts

Evaluations

» e Readability metrics
e User studies

o

o

/
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Why measure readability?

applications |

A— resource
advertisement ‘
resource bartering/

location ading ’."
seCcure
NICE exchange

trust inference

Lee et al., 2003



Measuring Rez:

Simple ruleslor heuristics
Davidson & Harel, 1996

User performance
Huang et al., 2007

Global readability metrics
Purchase, 2002

BASIC RULES

Avoid overlapping
among vertices
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Global Readability Metrics

* How understandable is the network drawing?
* Example: Journal may suggest

* 0% node occlusion

* <2% edge tunneling

* <5% edge crossing



More Metrics!

* Global

* Node overlap, drawing space used...
* Local for Nodes, Edges, & Groups
* Task-by-metric taxonomy

Dunne & Shneiderman, 2009, HCIL TR



E.g., Node Overlap

Global readability metric n
[0,1] where: a = area U bounds(n;)
j=1
0 = Complete overlap n
1= No overlap amax = Z area(bounds(n;))
j=1
N, = @€ max node area
amax
Node readability metric n
Ratio of node area that a; = areaq <U bounds(n;) N* bounds(n@)
k=1
overlaps other nodes a;

N =1 —
" area(bounds(n;))



Our metrics

New Local

Node overlap Edge crossing

Edge tunnel Angular resolution
Drawing space used Edge crossing angle

Group overlap

Existing

metrics



Assisted Manipulation

* Real-time ranking &
coloring by metrics

* Snap-to-maxima

14 edge tunnels 0 edge tunnels

Images: Cody Dunne



Multi-Criteria Optimization

* User-defined energy function
* Interactive view of task-by-metric taxonomy

* Simulated annealing
* Metropolis et al., 1953; Kirkpatrick et al., 1983

* Searches layout space
* Hill climbing

* Expensive...



Takeaway

* Raise awareness

* Localized identification of where improvement is
needed

* Optimization recommendations for tasks

* Interactive, semi-automatic, and fully-automatic
optimization






Observations

1: There are repeating patterns in
networks (motifs)

2: Motifs often dominate the
visualization

3: Motifs members can be
functionally equivalent



Graph Summarization...
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Navlakha et al., 2008




Our approach:
Motif Simplification to reduce
visualization complexity



Motif Simplification
Fan Motif 2-Parallel Motif




\iE: Lostpedia articles
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Lostpedia articles

|Theory Discussion
7
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Glyph Design Guidelines B .
* Representative: Wain D L‘K

topology, count & attributes

* Easily distinguishable
* Easily comparable
* Allow overlaps




Glyph Design: Fan

:k. » ,_4’.

Hs"k. » .»_4’1
;ﬂé. » &_JP




lyph Design: Parallel
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Glyph Design: General D-Parallel




Cliques too!
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Interactivity

Document Actions

i Refresh Graph {%3‘ Fruchterman-Reingo ~ [J Lay Out Again - | "W Dynamic Filters 3% Graph Options

N, B [@ @[] Zoom: [} Scale: - & ¢

ry

Select All 3
Deselect All 3

Fan motif: 133 leaf vertices
with head vertex “Theory”

Collapse Selected Groups
Collapse All Groups

Groups 3 |

[T F
|
e

wr Refresh Graph Ctrl+R.

Expand Selected Groups I

Expand All Groups L_IE.
Select Groups Containing Selected Vertices

Select All Groups

Add Selected Vertices te Group...
Remove Selected Vertices from Groups
Remove Selected Groups

Remove All Groups

Lay Out Again Ctrl+L
[#] Lay Out Selected Vertices Again

fl Lay Out Selected Vertices Again, Within Bounds
=  Lay Out Visible Vertices Again

3 Layout »

W Dynamic Filters,..

225 Graph Options...

23 CopyImageto Clipboard Ctrl+C
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Voson Web Crawl
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Voson Web Crawl
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Voson Web Crawl




Voson Web Crawl




Voson Web Crawl




Quantifying Effectiveness

Metric (before = after) Lostpedia VOSON
Number of nodes 513 = 25 3958 = 559
Number of edges 386 = 40 4380 = 763
Graph density 0.00446 0.00056
Fan motifs 4 16
2-parallel motifs 4 24
Fan si1zes 1247 17-852
2-parallel sizes 7-28 2-50
Node-node overlap 0.981 = 0.983 | 0.709 = 0.971




User Impressions

“I'm overwhelmed, ... this is like one of those
vision tests at the eye doctor”

“Now [ can see the central pages...[and]
pairwise connections”



Discussion

Motif simplification effective for
* Reducing complexity
* Understanding larger or hidden relationships

However
* Frequent motifs may not be covered
* Glyph design has tradeoffs

Details & algs. in Dunne & Shneiderman, HCIL TR 2012
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Meta-Layouts

* Layout using groupings
* Attributes
* Topology
* Manual

Rockefeller nelson (FL)
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Rodrigues et al., 2011



Data: Scott Dempwolf
‘ Image: Cody Dunne

Pennsylvania Innovation




Data:

Scott Dempwolf
Image:
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Current Meta-Layouts

* Poorly show ties (Rodrigues et al., 2011)
* Long ties
* Group arrangement
* Aggregate relationships
OR
* Poorly show nodes & groups (Noack, 2003)
* Require much more space
* Harder to see groups



Upcoming Meta-Layouts

* Donut layout
* See topology better, slight space increase
* Extension of Tu & Shen, 2007

* Group-aware force-directed layout . u
* See topology well, at the cost of space - 4 .
\

\
-

* Space-filling force-directed layout ..
* Balances space and topology l.

[]
[]
* Extension of Wood & Dykes, 2008
nl




Meta-layouts Good For...

* Large or high density networks
* Highlighting hidden relationships

* Recursive nesting




Better Node-Link Visualizations

Reada
e Globa

oility metrics

/local

e Taxonomy/layout aids

¥

Motif
simplifications

. 2

Meta-layouts

Evaluations

» e Readability metrics
e User studies

o

o

/




We still have some concerns...

PR

Networks can be
* Large & complex
* Multivariate

.. * Heterogeneous

Analysis can take
* Many sessions
* Many users







GraphTrail

* Aggregation
* Drag-and-drop interactions
* Integrated exploration history

Dunne et al., CHI 2012
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GraphTrail Demo



Design-Aggregating Charts
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Design-Drag & Drop Interaction
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Design-Pivoting &
(2, (%)  Derived Attributes

Author
* Name
e Affiliation

* Paper.Topic*

* Country
e Date
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Lab Study

* Can GraphTrail make the same findings as other tools?

* Can new users make findings?
* Can new users understand the exploration history?




Lab Study

* Can GraphTrail make the same findings as other tools?

Yes, and more!

“Find all papers written by all Japanese authors”

T gttt o ™

1o destrey » perectly 5.

PaperlLens FacetlLens




Lab Study-Exploration

Can new users make findings?

“What can you tell me about HCI research in Georgia?”



Lab Study-History

Can new users understand the exploration history?

Yes, and often motivation too!
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Field Study With Archaeologists

“How were Iron-Age communities integrated into
the political and economic structure of the Roman
Empire?”

“How were urban social hierarchies within the
Roman provinces structured and articulated?”



Field Study-Current Practice
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Field Study-GraphTrail Analyses
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Field Study-Sharing

“the way I structured it makes sense to me.”



Field Study-Sharing
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Field Study-Sha

™ Chart type: Tag Cloud Chart
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Discussion

* Exposing exploration history without extra effort
* Scalability
1. Number of nodes, edges, types

Nodes Types Edges Types
CHI 10K 3 20K 3+
Archaeology 13K 24 20K 35

2. Number of charts
20 — 30 per session



GraphTrail Overview

* A system for exploring large multivariate,
heterogeneous networks using aggregation by node
and edge attributes,

* A method for capturing a user’s exploration history
and integrating it directly into the workspace, and

* A longitudinal field study and a qualitative lab study
that prove the utility of these approaches.



Take Away Messages

Create effective node-link visualizations in NodeXL.:

* Readability metrics to guide improvements

*  Motif simplification to reduce complexity

*  Meta-layouts to more clearly show ties and groups

Explore heterogeneous networks with GraphTrail:
* Drag-and-drop exploration of attribute aggregates
* Remember & share exploration history

Cody Dunne
cdunne@cs.umd.edu




