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Text is Everywhere 

• We use documents as primary 
information artifact in our lives 

• Our access to documents has grown 
tremendously in recent years due to 
networking infrastructure 

– WWW 

– Digital libraries 

– ... 
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Who Cares? 

• Analysts and investigators from a variety 
of domains work with documents 

– Intelligence analysis & law enforcement 

– Academia 

– Consumers 

– Fraud 

– Investigative reporters 

– Business analysts 

3 



 

Example Tasks & Goals 

• Which documents contain text on topic XYZ? 

• Which documents are of interest to me? 

• Are there other documents that are similar to this one (so they are 
worthwhile)? 

• How are different words used in a document or a document 
collection? 

• What are the main themes and ideas in a document or a collection? 

• Which documents have an angry tone? 

• How are certain words or themes distributed through a document? 

• Identify “hidden” messages or stories in this document collection. 

• Quickly gain an understanding of a document or collection in order to 
subsequently do XYZ. 

• Find connections between documents. 
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Question 

• Can information visualization and visual 
analytics help with such tasks? 
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Challenge 

• Text is nominal data 

– Does not seem to map to 
geometric/graphical presentation as easily as 
ordinal and quantitative data 

• Bar charts, line charts, scatterplots, etc. 
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A Little Tour 
What has been done 



 

Wordle 
http://www.wordle.net Viegas et al 

TVCG ‘08 
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WordTree 
Wattenberg & Viégas  

TVCG  ‘08 
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State of the Union Addresses 
http://www.nytimes.com/ref/washington/20070123_STATEOFUNION.html?initialWord=iraq 
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Phrase Nets 
van Ham et al 

TVCG  ‘09 

X and Y 
X’s Y 

X at Y 

X (is/are/was/were) Y 
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TextArc 

Brad Paley 

http://textarc.org 

Sentences laid 
out in order of 
appearance 

 

Words near to 
where they 
appear 

 

Significant 
interaction 
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WebTheme 

PNNL 

Hetzler & Turner 
IEEE CG&A ‘04 
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My History 
What motivated the work 



 

An Illuminating Exercise 
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Jigsaw 

Visualization for Investigative Analysis 
across Document Collections 

• Law enforcement & intelligence community 

• Fraud (finance, accounting, banking)  

• Academic research 

• Journalism & reporting 

• Consumer research 

“Putting the pieces together” 
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The Jigsaw Team 

Current: 
Carsten Görg 
Zhicheng Liu 
Youn-ah Kang 
Chad Stolper 
 
 

 
 
 

and many alumni 
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Problem Addressed 

Help “investigators” explore, analyze and 
understand large document collections 

Articles &  
reports 

Blogs 

Spreadsheets 

XML documents 
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Our Focus 

• Entities within the documents 

– Person, place, organization, phone number, 
date, license plate, etc. 

• Thesis: A story/narrative/plot/threat 
within the documents will involve a set of 
entities in coordination 
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Doc 1 Doc 2 Doc 3 

John Smith June 1, 2009 

Atlanta 

PETA 
Boston 

Mary Wilson 

Bill Jones 
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Entity Identification 

• Must identify and extract entities from 
plain text documents 

– Crucial for our work 

• Not our main research focus – We use 

tools from others 
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Sample Document 
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Entities Identified 
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Sample Document 2 

Title: Proving Columbus was Wrong 
Abstract: In this work, we show the world is really flat. To 
do this, we build a bunch of ships.  Then we… 
PI: Amerigo Vespucci 
Co-PI: Vasco de Gama, Ponce de Leon 

Organization: Northwest Central Univ. 

Amount: 123,456 
Program Mgr: Ephraim Glinert 

Division: IIS 

ProgramElementCode: 2860 
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Entities Already Identified 

Title: Proving Columbus was Wrong 
Abstract: In this work, we show the world is really flat. To 
do this, we build a bunch of ships.  Then we… 
PI: Amerigo Vespucci 
Co-PI: Vasco de Gama, Ponce de Leon 

Organization: Northwest Central Univ. 

Amount: 123,456 
Program Mgr: Ephraim Glinert 

Division: IIS 

ProgramElementCode: 2860 
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Connections 

• Entities relate/connect to each other to 
make a larger “story”  

• Connection definition: 

– Two entities are connected if they appear in 
a document together 

– The more documents they appear in 
together, the stronger the connection 
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Jigsaw 

• Computational analysis of document text 

– Entity identification, document similarity, 
clustering, summarization, sentiment 

• Multiple visualizations (views) of 
documents, analysis results, entities and 
their connections  

• Views are highly interactive 
and coordinated 
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System Views 
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Pixels Help  
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Example Document Collection 
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One Review 
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Demo 

• Reviews of wines from Tuscany, ‘07-on 

– Text: review narrative 

– Entities: variety, producer, rating, vintage, 
color, location, producer, “descriptor”, … 

• Descriptor (~ 9000) 

– eg: abrasive, oaky, cherry, mocha, textured 

• 1132 reviews 

– From database of 150,000 reviews 
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Console 
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Entity 
types 



 

 

Document View 
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Important 
words in 
loaded docs 

Automatic 
summary 

Entities 
identified 



 

 

List View 
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Lists of entities by type 
Connections highlighted 



 

 

List View 
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Lists of entities by type 
Connections highlighted 



 

 

Graph View 
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Document 

Entities 



 

Document Cluster View 
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Clustered by 
document text 
or by entities 

 

Summarized by 
three words 



 

Document Grid View 
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Sentiment 
analysis 
shown here 

User controls 
order and 
color 



 

Calendar View 
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Showing connections 
between entities and 
dates 



 

WordTree View 
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Context of a word 
in the collection 



 

 

Circular Graph View 
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Connections 
between 
entities 



 

Scatterplot View 
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Documents 
containing 
pairs of 
entities 



 

Tablet 
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Computational Analysis/Text Mining 

• Preprocessing 

– Bag of words 

– Stop words, stemming 

– Disregard words/entities occurring less than 
three times 

– TFIDF 
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Computational Analysis/Text Mining 

• Document similarity 

– Latent semantic analysis (LSA) 

• Groups semantically similar terms 

• 20% of original 

– Uses Singular Value Decomposition (SVD) 

– Cosine similarity 
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Computational Analysis/Text Mining 

• Document clustering by content 

– Text or entities 

– K-means 

• 20 clusters 

• Initial seed docs chosen via dissimilarity 

– Summarized by 3 terms 

• Summarization algorithm 

– User can choose number of clusters & seeds 
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Computational Analysis/Text Mining 

• Document summarization 

– Most “important” sentence 

– Mutual reinforcement learning algorithm 

– Document decomposed into terms and 
sentences 

– Weighted bipartite graph between the two, 
perform power iteration 
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Computational Analysis/Text Mining 

• Sentiment analysis 

– Lexicon-based approach 

– Initial set of +/- words, iterate and test 

– Allow lexicons to be augmented 
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Recommend Related Entities 
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Document Import 

Various document 
formats with entity 
identification 
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Input Data Formats 

• Text, pdf, Word, html, Excel 

• Jigsaw data file format 

– Our own xml 

 

 

• DB? 

– Go to Excel 

– Go to text, transform to Jigsaw data file 
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EI Correction 
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Entity Aliasing 
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Alias Representation 
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Application Domains 

• Intelligence & law enforcement 

– Police cases 

– Won 2007 VAST Contest 

– Stasko et al, Information Visualization  
‘08 

• Academic papers, PubMed 

– All InfoVis & VAST papers 

– CHI papers 

– Görg et al, KES ‘10 

• Investigative reporting 

• Fraud 

– Finance, accounting, banking 

• Grants 

– NSF CISE awards from 2000 

• Topics on the web (medical 
condition) 

– Autism 

• Consumer reviews 

– Amazon product reviews, 
edmunds.com, wine reviews 

– Görg et al, HCIR ’10 

• Business Intelligence 

– Patents, press releases, corporate 
agreements, … 

• Emails 

– White House logs 

• Software 

– Source code repositories 

– Ruan et al, SoftVis ‘10 
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Potential Jigsaw Future Work 

• Collaborative capabilities 

• Improved evidence 
marshalling 

• Present/browse 
investigation history 

• Scalability upward 

• Web document ingest 

• Implement network 
algorithms 

• DB import 

• LDA 

• Wikipedia & Intellipedia 

• Geospatial view 

• Better timeline 
capabilities 

• Reliability/uncertainty 

• Other types of data 

• Active crawling/RSS 
ingest 

• Try it on display wall 

• Deployment to real 
clients 
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Room to Improve 

• What Jigsaw doesn’t do so well now 

– The end-part of the Pirolli-Card model 

• Helping the analyst take notes, organize 
evidence,  generate hypotheses, etc.  
(The Tablet is a first step) 

– Sometimes called “evidence marshalling” 

 

– Others have focused more on that aspect… 
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Evaluation 

• How does one evaluate the effectiveness 
of such a system? 
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Lab Study 

• Objectives 

– How do people use such a system? 

– What system characteristics matter? 

 

• Explore evaluation methods 

– Utility evaluation  

– What should we measure/observe? 

•2 
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Study Design 

• Task and dataset 

– 50 simulated intelligence case reports 

• Each a few sentences long 

• 23 were relevant to plot 

– Identify the threat & describe it in 90 
minutes 

 Source: doc017 
Date: Oct 22, 2002 
 
Abu H., who was released from custody after the September 11 incidents and whose 
fingerprints were found in the U-Haul truck rented by Arnold C. [see doc033] holds an 
Egyptian passport. He is now known to have spent six months in Afghanistan in the 
summer of 1999.  
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Study Design - Settings 

1. Paper 

2. Desktop 

3. Entity 

4. Jigsaw 
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Performance Measures 

• Task sheets (like VAST Contest) 

– Three components (relevant people, events, 
locations) 

– +1 for correct items, -1 for a misidentified items  

• Summary narrative 

– Subjective grading from 1 (low) to 7 (high) 

• Two external raters 

• Normalized, each part equal, mapped to 
100-point scale 

•7 
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Results 

Paper Desktop Entity Jigsaw 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 

Final Score 22.87 65.00 24.26 87.08 62.08 67.13 42.13 29.41 52.23 15.00 29.26 81.19 95.05 58.07 75.20 90.00 

Performance  Fair Very 

good 

Fair Excel-

lent 

Very 

good 

Very 

good 

Good Fair Good Poor Fair Excel-

lent 

Excel-

lent 

Good Very 

good 

Excel-

lent  

Average 

Score 

 

49.80 

 

50.19 

 

44.42 

 

79.59 

Documents 

Viewed 

50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23 

# of Queries 19 18 48 8 23 61 59 91 44 4 26 8 

First Query 40:49 19:55 2:47 12:41 1:31 0:29 0:59 3:12 0:18 5:35 25:37 4:18 

Amount of 

Notes 

Many None Many Some Many Some Few Some Some None None Few Some Few Few Few 

First  

Note Taking 

0:07 0:05 0:16 1:53 19:57 2:47 8:20 2:37 3:14 0:48 0:32 5:15 78:45 

First  

Task Sheet 

43:20 32:53 70:13 3:25 61:35 20:26 7:33 64:11 28:09 0:52 2:55 7:20 48:26 41:48 43:00 5:33 



 

Investigative Analysis Strategies 

1. Overview, filter and detail (OFD) 

2. Build from detail (BFD) 

3. Hit the keyword  (HTK) 

4. Find a clue, follow the trail (FCFT) 
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Design Implications for IA Tools 

• Support finding starting points/clues  

• Guide the analyst to follow the right trail 
 

• Support different strategies of SM process 

• Support smooth transition between SM stages 
 

• Provide a workspace 

• Allow flexibility in organizing  
 

• Support to find next steps when dead-end 

• Facilitate further exploration 
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Case Studies 

• Interviewed six analysts who have been 
using Jigsaw for 2-14 months 

– 3 intelligence analysts 

– 2 academic researchers 

– 1 business analyst 

• Gain better understanding of benefits, 
limitations, utility 

– Inform next generation tools 
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To Learn More  about Jigsaw & Availability 

http://www.gvu.gatech.edu/ii/jigsaw 

Available for (free) 
trial use 

 

Send email to: 
stasko@cc.gatech.edu 
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Thanks! http://www.cc.gatech.edu/gvu/ii 
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