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Network visualization is highly useful, but hard! 

There are many ways to make it easier 





Some of my work… 

NodeXL (Smith et al., 
2009; Shneiderman & 

Dunne, 2012; etc…) 

GraphTrail  
(Dunne et al., 2012) 

Action Science Explorer 
(Dunne et al., 2012; 
Gove et al., 2011) 

STICK  
(Shneiderman et al., 

2011; Gove et al., 2011) 

NetGrok  
(Blue et al., 2008) 



Networks 



Edge List 

Alice Bob Cathy 

Alice 0 1 1 

Bob 0 0 0 

Cathy 1 0 0 

Adjacency Matrix 

Vertex1 Vertex2 

Alice Bob 

Alice Cathy 

Cathy Alice 





Who Uses Network Analysis 

Sociology Scientometrics Politics 
Urban 

Planning 

Biology Archaeology WWW 



Cytoscape 

Pajek 

Gephi 





smrfoundation.org 



What we have done: Open Tools 

• YASNAT: NodeXL 

• Data providers (“spigots”) 

• FOSS 



NodeXL 

Collect data, Excel analysis, statistics, visualization, layout 
algorithms, filtering, clustering, attribute mapping… 



What we have done: Open Data 

NodeXLGraphGallery.org 

 



What we have done: Open Scholarship 



What we have done: Open Scholarship 



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

 



We still have a 
problem... 



Node-Link Visualization is Hard 



So what can we do? 



Better Layouts… 

Hachul & Jünger, 2006 



Better Layouts… 

Hachul & Jünger, 2006 



Alternate visualizations... 

Gove et al., 2011 
Henry & Fekete, 

2006 
Dunne et al., 2012 

Freire et al., 2010 Wattenberg, 2006 



Plan of attack 

Readability metrics 

• Global/local 

• Taxonomy/layout aids 

Motif 
simplifications 

Meta-layouts 

Evaluations 

• Readability metrics 

• User studies 



Readability Metrics 



Why measure readability? 

 

Lee et al., 2003 



Source: Sugiyama, 2002, p. 14 

Measuring Readability 

Simple rules or heuristics 

Davidson & Harel, 1996 

 

User performance 

Huang et al., 2007 

 

Global readability metrics 

Purchase, 2002 

 
 

 



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 

[0,1] where: 

    0 = Complete overlap 

    1 = No overlap 

Node readability metric 

Ratio of node area that 
overlaps other nodes 



Existing 

metrics New 

Our metrics 

Local 
Node overlap 

Edge tunnel 

Drawing space used 

Group overlap 

Edge crossing 

Angular resolution 

Edge crossing angle 



Assisted Manipulation 

• Real-time ranking & 
coloring by metrics 

• Snap-to-maxima 

14 edge tunnels 

Images: Cody Dunne 

0 edge tunnels 

 



 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 

 



Motif Simplification 



2: Motifs often dominate the 
visualization 

3: Motifs members can be 
functionally equivalent 

Observations 

1: There are repeating patterns in 
networks (motifs) 

Lostpedia articles 



Graph Summarization… 

Navlakha et al., 2008 



Our approach:  
Motif Simplification to reduce 

visualization complexity 



Motif Simplification 
Fan Motif 2-Parallel Motif 



Lostpedia articles 



Lostpedia articles 



Glyph Design Guidelines 

• Representative: 

 topology, count & attributes 

• Easily distinguishable 

• Easily comparable 

• Allow overlaps 

 

 

 



Glyph Design: Fan 



Glyph Design: Parallel 



Glyph Design: General D-Parallel 



Cliques too! 



Interactivity 

Fan motif: 133 leaf vertices 

with head vertex “Theory” 



Voson Web Crawl 



Voson Web Crawl 



Voson Web Crawl 



Voson Web Crawl 



Voson Web Crawl 



Voson Web Crawl 



Voson Web Crawl 



Quantifying Effectiveness 



User Impressions 

“I’m overwhelmed, … this is like one of those 
vision tests at the eye doctor” 
 
 
“Now I 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 



Meta-Layouts 



Meta-Layouts 

• Layout using groupings 

• Attributes 

• Topology 

• Manual 

 

 

 

 

Rodrigues et al., 2011 

 



Pennsylvania Innovation 

Data: Scott Dempwolf 

Image: Cody Dunne 



Pennsylvania Innovation 
Grouped using Clauset et al. (2004) 

Laid out with Group-in-a-Box  (Rodrigues et al., 2011) 

Data:  

   Scott Dempwolf 

Image:  

   Cody Dunne 



Pennsylvania Innovation 

Largest groups and no inter-group edges Data: Scott Dempwolf 

Image: Cody Dunne 



Clustered Twitter Network 

Source: Rodrigues et al., 2011 



Group-in-a-Box Layout 

Source: Rodrigues et al., 2011 

 



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 
• See topology well, at the cost of space 

 
 

• Space-filling force-directed layout 
• Balances space and topology 
• Extension of Wood & Dykes, 2008 



Meta-layouts Good For… 

• Large or high density networks 

• Highlighting hidden relationships 

• Recursive nesting 

 

 



Better Node-Link Visualizations 

Readability metrics 

• Global/local 

• Taxonomy/layout aids 

Motif 
simplifications 

Meta-layouts 

Evaluations 

• Readability metrics 

• User studies 



Networks can be 

• Large & complex 

• Multivariate 

• Heterogeneous 

 

Analysis can take 

• Many sessions 

• Many users 

We still have some concerns… 





GraphTrail 

• Aggregation 

• Drag-and-drop interactions 

• Integrated exploration history 

Dunne et al., CHI 2012 





GraphTrail Demo 



Design–Aggregating Charts 



Design–Drag  & Drop Interaction 



Design–Pivoting & 
Derived Attributes 

part of author 

cites 

P1 A1 

A2 A3 

P2 

Author 
• Name 
• Affiliation 
• Paper.Topic* 

Paper 
• Topic 
• Year 

Proceeding 
• Country 
• Date 



Design–Visual 
Exploration History 



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? 

 

NetLens PaperLens FacetLens 

Yes, and more! 
 

“Find all papers written by all Japanese authors” 



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! 



Brughmans, T., et al., 2011 

“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 With Archaeologists 



Field Study–Current Practice 

. . . 



Field Study–GraphTrail Analyses 
 



Field Study–Sharing 

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



Field Study–Sharing 

Municipality = Écija OR Marchena 



Field Study–Sharing 
Tag Cloud Dig Sites 

Grouped by 
Ceramic 

Component 

Municipality =  
Écija OR 

Marchena 



Discussion 

• Exposing exploration history without extra effort 

• Scalability 

1. Number of nodes, edges, types 

 

 

 

 

2. Number of charts 

  20 – 30 per session 

 

Nodes Types Edges Types 

CHI 10K 3 20K 3+ 

Archaeology 13K 24 20K 35 



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 
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