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Agenda

-
Last time

Overview of what the term means and how it
relates to information visualization

Some example VA research projects
Today

Specific example, Jigsaw, helping
investigative analysis
Related systems
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VA Definition e
_ E—

Visual analytics combines automated
analysis techniques with interactive
visualizations for an effective
understanding, reasoning and decision
making on the basis of very large and
complex data sets

Keim et al, chapter in
Information Visualization:
Human-Centered

Issues and Perspectives, 2008

Spring 2011 CS 7450 3

Application Area
Investigative & Intelligence Analysis

Gather information from various sources then
analyze and reason about what you find and
know

Analyze situations, understand the
particulars, anticipate what may happen

Spring 2011 CS 7450 4



Definitions

« Thinking" - or reasoning - involves objectively connecting present beliefs with
evidence in order to believe something else

« Critical Thinking' is a deliberate meta-cognitive(thinking about thinking) thinking
act whereby a person reflects on the quality of the reasoning process
simultaneously while reasoning to a conclusion.

* Intelligence! is a specialized form of knowledge, an activity, and an

organization. As knowledge, intelligence informs leaders, uniquely aiding their
judgment and decision-making. ...

1. Critical Thinking and Intelligence Analysis: David Moore
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Critical Thinking*

“...the quality of our life and that of what we produce, make, or
build depends precisely on the quality of our thoughts.”

Purpose of

: Points of View
Elements of thought: the Thinking

Implications &
Consequences Question at Issue

Assumptions Information

Concepts |Interpretation
And Inference

* Foundations of Critical Thinking www.criticalthinking.org
CS 7450



Psychology
— of
Intelligence

Analysis

CS 7450

“Tools and techniques that
gear the analyst's mind to
apply higher levels of
critical thinking can
substantially improve
analysis... structuring
information, challenging
assumptions, and
exploring alternative
interpretations.”

Intelligence Process

3.Search for 6.Search for 9 Search for

Information Relations Evidence
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Figure 2.1, Notional model of sensemaking loop for intelligence analysis derived from CTA.
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Pain Points

E—
Cost structure of scanning and selecting
items for further attention

Analysts’ span of attention for evidence
and hypotheses

Spring 2011 CS 7450 9

HW 8 - Investigative Analysis
Did you encounter those pain points?

Discuss
How did you work on the problem?
What were the main challenges?
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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”

Spring 2011 CS 7450 11

The Jigsaw Team

a6

Current: and many alumni
Carsten Gorg
Zhicheng Liu
Youn-ah Kang
Jaeyeon Kihm
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Problem Addressed Analogy

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

i
I

Spreadsheets

L ———

Articles &  [r=is s
reports
= —— - Blogs
1

XML documents | - i
Spring 2011 = €57456

3

Our Focus |
5
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

Spring 2011 CS 7450 14



Doc 1 Doc 2 Doc 3

John Smith June 1, 2009 Mary Wilson
Atlanta

B n
osto PETA

Bill Jones
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Entity ldentification -
Must identify and extract entities from
plain text documents

Crucial for our work

Not our main research focus — We use
tools from others

Spring 2011 CS 7450 16



Sample Document

Feport: Z0040510-4 16
May 14 2004

VANCOUVER, British Colunbia - A4 Canadian immigration panel is considering
whether accused environmental ssboteur Tre Arrow can apply for refugee
status in Canada.

Arrow, 30, who is wanted for fire bombing logging and cement trucks in
Oregon, asked the Canadian suthorities to remain in Canada as a political
refugee at a hearing in Vancouwver on Tuesday.

AL key issue will be whether Arrow is affiliated with a terrorist group,
which would immediately disqualify him from receiving refugee =status in
Canada, asuthorities said.

The Immigration and Refugee Board is scheduled to decide by May 31 whether
Arrow is affiliated with the Earth Liberation Front, a group the FEI
considers a terrorist organization responsible for scores of attacks on
property owver the past dozen years.

Spring 2011 CS 7450 17

Entities Identified
- Y

Source:
Date: May 14, 2004

YANCOUWER  British Columbia - A Canadian immigration panel is considering
whether accused enviranmental saboteur Tre Arrow can apply for refugee
status in Canada.

Arrow, 30, wha is wanted for fire bomhing logging and cement trucks in
Oregon, asked the Canadian authorities to remain in Canada as a political
refugee at a hearing in ¥ancouver on TUesday.

A key issue will be whether Arrow is affiliated with a terrorist group,
wihich wauld immediately disqualify him from receiving refugee status in
Canada, authorities said.

The Immigration and Refugee Board is scheduled to decide by May 31 whether
Arrow is affiliated with the Earth Liberation Front, a group the EBI

considers a terrorist organization responsible for scores of attacks on

property over the past dozen years.
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Sample Document 2 .
— e

: Proving Columbus was Wrong
: In this work, we show the world is really flat. To
do this, we build a bunch of ships. Then we...
: Amerigo Vespucci
: Vasco de Gama, Ponce de Leon
: Northwest Central Univ.

: 123,456
: Ephraim Glinert
: IIS
: 2860
Spring 2011 CS 7450 19

Entities Already Identified
r\yﬁ
: Proving Columbus was Wrong

: In this work, we show the world is really flat. To
do this, we build a bunch of ships. Then we...

: Amerigo Vespucci
: Vasco de Gama, Ponce de Leon
: Northwest Central Univ.
: 123,456 o
: Ephraim Glinert Ent!t!es
: IIS
: 2860

Spring 2011 CS 7450 20
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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

Spring 2011 CS 7450 21

“Putting the pieces together”

—
Multiple visualizations (views) of
documents, entities, & their connections
Views are highly interactive and
coordinated

User actions generate events

that are transmitted to and

(possibly) reflected in other

vViews

Jigsaw

Spring 2011 CS 7450 22
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System Views
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Pixels Help
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Demo 1
i
Data from HW 8
Let’s find the bad guys!

Spring 2011 CS 7450 28
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Demo 2
%
Car reviews
Text: Consumer’s comments

Entities: Various ratings (1-10), car features,
other makes & models

Spring 2011 CS 7450 29

Console

Jigsaw

Eile Wews Entities Tools

JIGSAW i
infovis-vast
512 documerts

Color Legend:

Entity B author (1017) W concey pt (77)
types Tee— | N [ conference (23 [ indexterm (1790
W journal {17 O keyword (1202)
W year(16)
[ EniiEied [ porument &

Workspace: no active workspace

Spring 2011 CS 7450 30
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Document View

Document View

Ed iew Bookmarks

[] ony Enties

d

Important

analysis analysts analytic animation based cognition design discuss display gvaluation <€
framework |1 fO rm atl 0N infovis interaction level iocaization paper research

Systems tasks techniques video vissal VisUalization visuaiizations

—— words in
loaded docs

Documents | @

[=]

Summary: Evaluating visual analytics systems for investigative analysis: Deriving

infovis00--885091
infovis01--963277
infovis03--1249027
infovis04--1382902
infovis05--153213%
infovis07--4376.134
infovis07--4376 144
infovis08--4658127
infovis08--4658139
4858148
infovis09--5290708
infovis95--528685
vast07--4389006
vast07--4389013
vast09--5332596
vast09--5333878

bOODDODDDDDDDDDD

design principles from a case study Despite the growing number of systems providing
visual analytic support for investigative analysis, few empirical studies of the potential
benefits of such gystems have been conducted, particularty controlled, comparative

<

| Automatic

Source: Visual Analytics Stience and Technology, 2009, VAST 2009 ]
IEEE Sympasium on
Date: Oct 12, 2009

Evaluating visual analytics systems for investigative analysis
Deriving design principles from a case study

Despite the growing number of systems providing visual

analytic support for investigative analysis, few empirical studies of

the patential benefits of such systems have been conducted, particularly
contralled, comparative evaluations. Determining haw such systems foster
insight and sensemaking is impartant for their cantinued growth and

study, however. Furthermare, studies that identify how people use such
systems and why they benefit (or nat) can help inform the design of new

summary

Entities

systems in this area. We conducted an evaluation of the Visual anafytics €=
System Jigsaw employed in a small investigative sensemaking exercise,

and we compared its use to three other more traditional methods of

analysis. Sikteen participants performed a simulated intelligence

analysis task under one of the four conditions. Experimental results

suggest that Jigeaw assisted participants to analyze the data and

idlentify an embedded threat. We descrine different analysis strategies

used by study participants and how computational support (ar the lack

identified

thereof) influenced the strateies. We then ilustrate several ]

Spring 2011

List View

Edt Vew Bockmabs Ll Cptions

Concept

1 gecspatial
| ghph

- grach
1 hardhware.
| high-dmanziond data

| [pdcan] [coar | [show ol cormections
X = =]
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ahor Coxe | [ stow ol connectors | |vear w| [adoh] [chean | [shom ol corvactions

X =

I Spanca, B
| Sprague, D.W.
1 Sprenger, T

| Tavant, M.

31

Lists of entities by type
Connections highlighted

[E)X]
|

loar

=

conference

At |
X |[E
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Graph View Document

& Graph View.
Edt View Bookmarks Fiter tems  Selectltems Options

Circdlar Layaut FanéZoom to fi

Entities
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ordTree View

Word Tree View
£t Bookmarks

110 matches

interaction \\
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iing direct upport for shared large displays
for graphs with visusl nodesGraph ancl tres visusiization techniciues ensble interactiveespioration of complex relstions whils communicating topoiogy.
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Showing 38 | 100 (38.000%) leaves in current branch, of 100 leaves intres. Prune Percertage:| 38 % | [ Prune to Window
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Document Cluster View

Clustered by
document text
or by entities

Summarized by
three words

Spring 2011

Document Cluster View
Edit  View Bookmarks

Highlight Viewied Documents

ters

Al Fikers

Graup by Filkers
Hide Unfiltered

Clusters

=) All Documents.

(3 imag, reduction, methads: 15
) document, text, color: 26

) 34, used, user; 30

() multivariate, exploring, dimen
() desian, collsboration, support
i) schemas, vanish, magrificatio
< 2
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Document Grid View

Document Gi

View
Edt Vien Bookmarks

[ show in Clusters

Dacument ta compare simiarity to

infovis01--063275 : 0.25

User controls
order and
color

Sortby | sentiment | colorby

Campute Siilaricy based on | Text v

Sentiment
analysis
shown here

Spring 2011
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Calendar View

Showing
connections
between
entities and
dates

Spring 2011
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Circular Graph View

Connections
between
entities

Spring 2011
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Scatterplot View
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Computational Analyses
%
Document summarization
Document similarity

Document clustering by content
Text or entities

Sentiment analysis

Spring 2011 CS 7450 40
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Document Import

ooooo

Documents (oxt pof doc xls htm el

Files: | Browse]

Entity Identificaiton

Statistical Entity Identification

Cacel @ Nore
O LingPipe
O Calais
OGATE
. O Tlincis-MNER
Various document
. . Rule-Bazed Entity [dentification
formats Wlth entlty [ODate [Phone [Zpcode [DEmal CIURL [CIP address
Id entlfl Catl 0 n Clictionary-Based Entity Identification

Enfity Type:  Dictionary Fle:

Browse... | [JCase sensitive
[ Case sensitive
[ Case sensitive
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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

Spring 2011 CS 7450 42



<award:>

<awardnunber>0640291</ avardnunbers

<title>3GER: Distributed Zpatial Partitioning Algorithms for Scalable Processing of Mobile
<nsforganization>II¥ </nsforganization>

<programs>DATE MANAGEMENT SYSTEMS</programss>

<startdaterSeptenber 1, 2006</startdates>

< lastamendwentdaterJepterber 12, 2007</lastamendmentdates

<principalinvestigator>Liu, Ling</principalinvestigators>

<staterGl</stater

<organization»Gi Tech Research Corporation — GA Institute of Technology </organizatic
<awardinstruwent>3tandard Grant </awardinstrument>
<programmanayer-Le Grusnwald </ programmanagers>

<expirationdaterFebruary 22, 2005</expirationdates

<awardedamounttodate>65502</ avardedamounttodate>

<zo_pinamesr</co_pinames:

<piemailaddress>lingliuflcc.gatech.edu

<organizationstreetaddress»-0ffice of Sponsored Programs </organizationstreetaddress>
<organizationcityritlanta </organizationcitys
<organizationstaterGh</organizationstater

<organizationzipr30332</organizationzips

<organizationphoner>4045944519</organizationphones

<nsfdirectoraterC3E </nsfdirectorates

<programe lewenteodes> 74854/ programe lementcodes>
<programreferencecodes>HPCC| 9215 | 7484</ programreferencecodess

<fieldofapplications>0104000 Information Systems | </fieldofapplicati
<awardnunber>0640291</ avardnunbers

<abstract>II3-0640219 Ling Liu &lt;lingliufece.gatech.edu&gt:
</ award:>

Institute of Institt

-
Spring 2011 CS 7450 43
<document >

<doc ID>0808863 </ doeIDs

<dochate>July 1, 2008</docDates

<docSource></docSources

<docText>FODAVA-Lead: Dimension Reduction end Data Reduction: Foundations for Visualization

FODAVA-Lead: Dimension Reduction and Data Reduction: Foundations for Visualization The FODAVA (Foundations of

Data inalysis and Visualization) Lead research team at the Georgia Institute of Technology provides unified
expertise in the critical areas for providing leadership of the FODAVA effort, including machine learning and
computational statistics, information visualization, massive-dataset algorithms and data structures, and
optimization theory. The team is focused on the fundamental theory and approaches to make breakthroughs in data

representations and transformstions. The work is directed along the two main sxes of scale reduction, data reductio

<directorate>C3E</directorate>
<award-instrrContinuing grant</award-inscr:>
<programreferencecode>HPCC</ progranreferencecodes
<programreferencecode>9218</ progranreferencecodea>
<keywordrvisualization</keyword:>
<keywordralgorithms</keyword:
<fieldafapplication>N000912 Cowputer Science</fieldafapplication>
<staterGh</stater
<organization>Gh Tech Research Corporation - GL Institute of Technology</organizations
<keyvord>data analysis</keywvord>
<keyvordrinforwmation visualization</keyword>
<keyvordsmachine learning</keyword:>
<amount>1200000</ amount >
<pixPark, Haesun</pix
<copirdohn Stasko</copiz|
<copirdlexander Gray</copix
<copixRenato D. C. Monteiro</copi>
<copi>Vladimir Koltchinskii</copi>
<progmgr>Lavrence Rosenblum</progrgrs
<division>CCF</division>
<keyword>visual analytics</keyword>
<programelementcode> I114</ programe lementoades
<programe lementcode>H194</ programe lementoodes
</document>

Jigsaw Datafile Format
Spring 2011 CS 7450 44
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El Correction

Edt View Sockmais

] Oriy Entiies 3

l analysis spproscn based design sxporsson graph INfOrmation interaction

interactive |arge iayout method g6k Paper paitms present resuts space technique

techniques users using visual VISUalization visuaizations

Summary: It aiso provides a flexible user interface for examining cfferent perspectives
that show the behavior of the source code on lest sets, ranging from individual tests, t
important subisets such as the set of failed tests, io the entire test sule.

|«

Source: Information Visualization. 2001. INFOMS 2001. IEEE Sympasium on
Date: Oct 22, 2001

Technical note: visualy encoding progrem test information to find faults in software

Large test suites are frequently used to evaluate software systems and to locate emors
Unfortunately. this process can generate @ huge amount of data that s dfficut to
racanTuLy

< interpret manually. We have treated 3 system,  that visually encodes test
! data to help find program emrors. The system Uses 3 pri  Add as Concspt ety
! represent how source nes actin passed and foled 1o5]  Adde shorently  ME USET
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Entity Aliasing

veualzaton
. graph | immediate context graph

| inteligence analysis | indoor radio

1 metrics 1 nformaton dsplay

| asthetcs | mformaton murdl

¥ arimation | infurmation navigation

1 awaranass 1 Information visualization
| bionformatics | imspaxction techriques.

1 brusting 1 inter-atirbute vieal anayss
1 cat=gorcal | Interactive systems.

1§ chster i -

| cogrition

# colishoration

0 coler

1 dsta mining

# cooument

1 cyramic Guery

| education

i fiter

1

1 focus+context

¥ g=cgrahic

1 geoanad

I ghon

| harcwars I matric visizatons

W hiecacy | medical formatcn systems
1 high-dmensional data | mults-vaniate tempord event s=.
| machine leaming I mutievel call matrices

¥ matnc 1 mutievel visizatons

| muitipe views: | mutudl fund portfoiios:

¥ navigaton | navigation
 retwork 1 nads irk dagrams

I nominal | dbject-crented programming
W cverview | bject-criented programs
parsil cordinates p 1 ogtmal snmaters
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ias Representation

B2 Graph View
Edit Yiew Bookmarks Filter Items  Select ltems  Options

Circular Layout PansZoomto fi

=1 High Sch
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Tablet
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Application Domains

ﬁgéﬁ

Intelligence & law Topics on the web (medical
enforcement condition)

Police cases Autism )

Won 2007 VAST Contest Con:umer revliewts ,

Stasko et o, Information Amazon product e com

ualization “08 Gorg et al, HCIR '10

Academic papers, PubMed

All InfoVis & VAST papers Business Intelligence

CHI papers Patents, press releases,

Gorg et al, KES ‘10 c_orporate agreements, ...
Investigative reporting Emalls'

White House logs

Fraud Software

Finance, accounting, banking Source code repositories
Grants Ruan et al, SoftVis ‘10

NSF CISE awards from 2000

Spring 2011 CS 7450 49

Potential Jigsaw Future Work

- )

Collaborative capabilities Wikipedia & Intellipedia
Improved evidence Geospatial view
marshalling Better timeline
Present/browse capabilities
investigation history Reliability/uncertainty
Scalability upward Other types of data
Web document ingest Active crawling/RSS
Implement network ingest
algorithms Try it on display wall
DB import Deployment to real

clients

Spring 2011 CS 7450 50



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...

Spring 2011 CS 7450 51

i2’s Analyst Notebook

~
Contact Us Dovenload Certer Info Request Search
n 2 USA, Canada & Caribbean [V
Horme Company Products Solutions Senices Partners Support

. Products
i2 Analyst's Notebook )
N N Analyst's Notebhook
Powering Analysis
Analytical Capakilties
Investigations and analysis involve vast amounts of raw, multi-format data gethered from & vwide variety of sources. Somewvhere in this Online Deta Anslysis
data lies the key to your investigation but t remains obscursd by the volume and apparent randomness of individusl facts.
Information Sharing
Analyst's Notebook 7 is the world's most powerful visual investigative analysis software which brings clarty to complex investigations: Analyst's Notehook SDK
and nteligence analysis. it enables investigators and analysts to turm large volumes of disparate data nto actionable inteligence Solutions
r - iBase
WWith Analyst's Nofebook you can:
iBridge
ChartReader
* * m =4 K PatternTracer
. A TexAChart
L ¥* 3 ChartExplorer
Analyst's Warkstation
Visualize large vlumes of Insantly revesl pattems and  Create snatioal shars Communicate somplex cases
investigative data to understand  hidden connections to help manually or autsmatizally with intuitive brisfing chars that v
the big picture. fosus yaur invastigation gensrate link and timalin capturs and arzanize sugporting a

eharts from strustured data, data

Done
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Analyst’s Notebook N
Leading commercial tool in this space (law
enforcement and intelligence agencies)

Large zooming workspace where analyst
creates networks of entities and notes

Often used to produce presentation or
story of analysis done
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Oculus’ Sandbox
I — |

? Who wants to XXXX ?

Video

? Conclusions ..._ i —— g

Wright et al
CHI ‘06
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Sandbox
Flexible space for inserting text and
graphics
Objects can be dragged-and-dropped
from their other analysis tools

Flexible level of detalil

Flexible gestures for making space,
inserting, etc.

Assertions with evidence gates
Reasoning templates
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PARC’s Entity Workspace

F'[r\rrm'l[;{-TEB%MJQFamJMnm [;E::—’S%]t;}-%FandEma] Vldeo
—_— [ 1531 conttl Ave., Fichmond va ]
vz Gy ol () [l b j Bier, Card & Bodnar
- OBUBCR VAST ‘08
Faysal coba ({2 _A‘]_\ ’T‘]:l] o
Spring 2011 CS 7450 56

28



Entity Workspace
E—
Tools for rapid ingest of entities from
documents

Can snap together entities into groups

Can indicate level of interest in objects

Four main view panels, with zooming Ul
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Related Area of Interest -

Sensemaking

A general term that has been used in a
number of different contexts

E.g., How large corporations make decisions

To me, ultimately about people working
with data and information to understand it
better

Spring 2011 CS 7450 58



Sensemaking

H

Nice definition:

“A motivated , continuous effort to understand
connections (which can be among people,
places, and events) in order to anticipate
their trajectories and act effectively.”

— Klein, Moon and Hoffman
IEEE Intelligent Systems ‘06
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Alternate Definition

“The process of creating situation awareness in
situations of uncertainty”
— D. Leedom, '01 SM Symp. Report

Situation awareness:
“It's knowing what’s going on so you know what to do”
— B. McGuinness, quoting an Air Force pilot
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This Topic N
I work on it a lot now

Interested in getting more work in this
area started
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HW 5 |
I—
Commercial tools critiques
Things we noticed
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Upcoming

Zooming & panning
Reading

Time Series Data

Reading
Aigner et al
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