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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
35

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

Fall 2013 CS 7450 3

Application Area
iﬁ“g-
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

Fall 2013 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

CS 7450

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



+ “Tools and techniques that
e gear the analyst’s mind to
.‘yg* apply higher levels of
Anaiysis critical thinking can
substantially improve
analysis... structuring
information, challenging
assumptions, and
exploring alternative
interpretations.”

CS 7450 7

Intelligence Process

3.Search for 6.Search for 9 Search for 12.8egarch 15. Reel"a'l;la'[e
Information Relations Evidence for Support 16.Presen-

Who £ uhalt - oy rmlatue? What doas # have b do .
/\ il e roben i izod? ' tation

hypothsces,
7 fpothesis gen,
volume,
organizatan)

arder bias
s0urce fracking)

(halding large
strusiure, Sehsemaking Loop
oveniew

STRUCTURE

(skimming.

fineing inf,
volume) Reality/Policy|Loop
wwwww
2.Search 5. Read & 8 Schematize 11.Build 14.Tell
| & Filier Extract CH
EFFORT

Figure 2.1, Notional model of sensemaking loop for intelligence analysis derived from CTA.

Pirolli & Card

Intl Conf Intelligence Analysis ‘05
Fall 2013 CS 7450 8



Intelligence Process

%
28|Production
Emphasis _|Analysis
2| Collection
“IModeling
Time

Wheaton
In preparation
Fall 2013 CS 7450 9

Pain Points
%
Cost structure of scanning and selecting
items for further attention

Analysts’ span of attention for evidence
and hypotheses

Fall 2013 CS 7450 10



Jigsaw

Academic research

Journalism & reporting

Consumer research

“Putting the pieces together”

Fall 2013

Stasko, Gorg, Liu Gorg et al
Information Visualization ‘08 TVCG'13

%
Visualization for Investigative Analysis

across Document Collections
Law enforcement & intelligence community
Fraud (finance, accounting, banking)

CS 7450
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Analogy

Problem Addressed
5

Help “investigators” explore, analyze and

understand large doc

Articles &
reports

Fall 2013

XML documents .

ument collections

[ ————

=

J Spreadsheets

I. = IJ Blogs

12



The Jigsaw Team N
" .Y

Carsten Gorg and many others
Zhicheng Liu

Youn-ah Kang

Jaeyeon Kihm

Jaegul Choo

Chad Stolper

Anand Sainath

Fall 2013 CS 7450 13

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

Fall 2013 CS 7450 14



Doc 1 Doc 2 Doc 3

John Smith June 1, 2009 Mary Wilson
Atlanta

B n
osto PETA

Bill Jones

Fall 2013 CS 7450 15

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

Fall 2013 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.

Fall 2013 CS 7450 17

Entities Identified
. s

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.

Fall 2013 CS 7450 18



Sample Document 2 -

: 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
Fall 2013 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 g
: Ephraim Glinert Ent!t!es
: IS
: 2860

Fall 2013 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

Fall 2013 CS 7450 21

“Putting the pieces together”

— ———Y)

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

Jigsaw

Fall 2013 CS 7450 22
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System Views

INGYSTS s analytc animaion s cogntons

analysi -
mmmmmm information infov: -

Fall 2013 CS 7450 23
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Pixels Help
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Fall 2013

Console

Eile  wiews

Colar Legend:

Entlty W author (1017)
types

B conference (2)
W journal {17
]

year (16)

Entities  Tools

CS 7450 27

JIGSAW

infovis-vast
512 documerts

W concept (77)
O indexterm (1790

O keyword (1202)

‘ [_search

[ Documents

Workspace: no active workspace

Fall 2013

CS 7450 28
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Document View

Document View.
Edt View Bookmarks

e 1 Important
analysis analysts analytic animation based cognition desigh discuss display svaluation — Words |n

framework | nfO rm atIO N infovis interaction level icaization paper research |Oaded dOCS
SyStemS tasks techniques video visual Visualization visuaiizations

Documents |=|@ 5 (& | summary: Evaluating visual analytics systems for investigative analysis: Deriving 4
1 infovis00--885091 design principles from a case study Despite the growing number of systems providing "
infovis01--963277 visual analytic support for investigative analysis, few empirical studies of the potential Automat|c
infovielS— 1243027 || BENefits of such systems have been conducted, particularly controlled, comparative e —_—
infovis04--1382802 Source: Visual Analytics Science and Technology, 2009, VAST 2009 A summa ry

infovis05—-1532136 |EEE Symposium on
infovis07—-4376134 Date: Oct 12, 2003
infovis07-4376144
ifovis08--4655127 || Evaluating Vislial analvtics systems for investigative analysis
infovis0B4g58139 || Derving design principles from a Case study

infovis08—-4658145

foric00. 5000708 || 2P the growing number of systems provining visal

analytic support for investigative analysis, few empirical studies of

OCOOOOODDODDDDODDD

infovis95--528685 the potential benefits of such systems have been conducted, particularly

vast07--4385006 controlled, comparative evaluations. Determining how such systems foster

vast07-4383013 insight and sensemaking is impartant for their continued growth and

vast09-5332596 study, however. Furthermare, studies that identify how people use such Entltles
vast09—-5333878 | |Systems and why they benefit (or not) can help inform the design of new

systems in this area. We conducted an evaluation of the Visual anafvtics <€ . .
system Jigsaw employed in a small investigative sensemaking exercise, |dent|f|ed
ancwe compared its use to three other more traditional metnods of

analysis. Sixteen participants performed a simulated int2lligence

analysis task under one of the faur canditions. Experimental results -
suggest that Jigsaw assisted participants to analyze the data and

identify an embedded threat We descrioe different analysis strategies

used by study participants and haw camputational support (ar the lack

thereof) influenced the stratecies. We then ilustrate several

Fall 2013 CS 7450 29

- Lists of entities by type
List View Connections highlighted

Edt Vew Bockmabs Ll Cptions

Concept | (Addal] [dear | [Show al cormernins | |awhor | [modat ] (e | [ Show o connectiors | |year ~ [addal] [clea | [ shom ul correctors | | conference
X E — v ==

I Spanca, B

X

archy 1 Strobef, H.

| intelligence analysis | Stroffairo, P,
| Stuckey, P.
1 Stubes, Fo

1 sl | Stuntebeck, £2.

| software visualization | sz, D,

text 15y, H

| theory | Sudjianto, A,

1 time series 7

1 treemap

| aesthatics

1 awareness

| bioinformatics

1 brushin

1 busrisss

0 chster

1 colaboration

1 data miring

1 datshase

| education

| fisheye 1 Tan, R.

¥ geographic 1 Tanasse, T.

1 gazspatial 1 Tandor, 5.

1 givph 1 Tang, D.

wh | Tann, E.
1 hardware: I Tatu, &
1 high-dmersicnl data o 1 Tavant, M.

Fall 2013 CS 7450 30



G I'aph View Document

B Graph View
Edit Wiew Bookmarks Fiter Items Select Items  Options

Ciredlar Layout PaniZoom to Fit

Entities

Fall 2013

analytics

ymposium on

Context of a word

ordTree View in the collection

Word Tree View
£t Bookmarks

110 matches

interaction \\

interaction

- crestesigoritins 1o execut techniues ffiienty.
g and - illustrate their use in inter active graphvisuslization.
crc-semanic zoom it poves between overview and detai, and a fisheye distortion tht displays e focus ar
. _/—— ttecus strength changing, rasisl rotation Jevel highlighting, secondary foei, animated transtions and nadeinformation) to assist in the explorti
techniques - aiowingsenantic snsysisof the unitying et sets
ancthopefuly Iy an sl foundslion toward  deepe undsr standing and a scisncs of nsraciion
aciress h varity of enefts nferaction provies
anoveland formanie.

o, i

for
- displayed rodes.

the ~ systems were made.
./~ 2 2D modien scatterpct computed from two diferent metrcs calculsted over the slements o & network
WIth S ntomeaton from text documentsThe paper descrices an approach o1V that for enhanced and anslysis
ni-axis dmensions, and unknown values, ore sckbessed by tis method
automaied Support analysts special properties and reetons of dertfed palterns

itis hard ta provide richvisual feedback ot interactive rates for datasets contaning milons ofentries.
< temporal flexivity, spetil fiexioifty, and chenging colekorationstyles
pe averthe iues have besn provided

etfectively form hypatheses and identify ares

financiel o
~ and < provide a way to improve interactive navigation in tresmaps
veasaning both aperationally and strateqicaly
& mportant part of informetion visusiizetion (nfouis),  has garnered a relatively low level of attertion from the nfovis communty
18 ™~ by driing down throvigh meny successive layers.

visualzafias.
DEIWERN 5y tom antask type were founa
__~ for dimensionhierarchy manipuistion
10018 - pas poen develoren
are ot immeciately clear.

Costs in Informetion Visusii s an impartant bu p tactor design.
DataSpatialiner actions or flavs), such as population migrationand disease spread, naturaly form a weighted location-to-ocationnetwork (graph),
araph mociel

in complex socisl nstworks is a critissl component of visusl taols for inteligence analysis, consumer behavior analysis, and Fuman geography.
n adeskiap computer.

technique for expanding er colapsing sublrees 1o any depth wih  single mouse drag.
i t for shared large displays

for graphs with visual nodesGraph ancl tres visusiization techniciues enskle interactiveespioration of complex relstions whils communicating topoiogy.

techniques for manip e ta madity their
capabilties in SelTrend pravides aninnowative approach to this probiem anclto cther similar types ofmultivariste, temporaly driven transaction data analysis.

cortext. 4

Showing 38 | 100 (38.000%) leaves in current branch, of 100 leaves intres. Prune Percentage:| 38 % | [ Prune to Window

Fall 2013
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Document Cluster View

Clustered by
document text
or by entities

Summarized by
three words

Fall 2013

Document Cluster View.
Edit View Bookmarks

Highlight Viewed Documents

ers

Al Fiers

Group by Filters
Clear Fiters
Hide Unfitered

Clusters
[ Al Documents
) £ imag, reclucton, methods: 15
-3 documert, text, coor: 26
1) network, used, structure: 28
-5 3, used, user: 30
1 () nteraction, treemaps, user: £
() multiveriate, exploring, dimen
- metaphors, stats, using: 14
i1+ desion, colldboration, support
1) sthemas, varish, magnificatio
) abstra, viewing, uses: 25
() code, using, sources i §
< >
Cluster (Text)
Cluster (Enky)
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Document Grid View

Document Grid 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

Fall 2013

CS 7450 34
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Calendar View
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Circular Graph View

Connections
between
entities

color graptics
catagarical event saquences

wowsing
antatasing echmues
g
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Scatterplot View
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Demo 1
M
Car reviews
Text: Consumer’s comments

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

Fall 2013 CS 7450 38



Demo 2 .
——il®
InfoVis & VAST papers

Text: paper title and abstract

Entities: author, keyword, year, conference,
“concept”

Fall 2013 CS 7450 39

Computational Analyses
Document summarization
Document similarity

Document clustering by content
Text or entities

Sentiment analysis

Gorg et al
TVCG'13

Fall 2013 CS 7450 40
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Document Import

ooooo

Documents (.txt pdf doc s .htm html) Entity |dentificaits
ntty ldentincaiton

Fies: | [ Browsd
Statiztical Entity Identfication
Cancel o
O LingPipe
O Calais
OGATE

O Ilinciz-MER

Various document

. . Rule-Based Entity [dentification
formats Wlth entlty [ODate [OPhorne [OZipcods [OEmal OURL [IP address
Ide ntlﬁcatlo n Dictionary-Based Enfity Identfication

Entity Type:  Dictionary File:

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

Fall 2013 CS 7450 41

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

Fall 2013 CS 7450 42



<award:>

<awardnumber>0640291</ avardnuber:>

<title>3GER: Distributed Spatial Partitioning Algorithms for Scalable Processing of Mobile
<nsforganization>IIS </nsforganization:

<programs>DATA MANAGEMENT SYITEM3</programs>

<gtartdate>September 1, Z006</startdate>

<lastamendmentdate>3eptewber 1Z, Z007</ lastamendmentdate>

<principalinvestigator>Liu, Ling</principalinvestigator:>

<ataterGL</statex

<organization»>GAL Tech Besearch Corporation - GA Institute of Technology </forganizatic
<awardinstrument>Standard Grant </awardinstrument
<programmanager>-Le Gruenwald </ programmanagers

<expirationdate>February 29, Z008</expirationdate>

<awardedamounttodate>e5502</ avardedamounttodate>

<co_pinames></oo pilnsmess>

<piemailaddress>lingliufce. gatech.edu

<organizationstreetaddress>0ffice of Sponsored Programs </organizationstreetaddress>
<organizationcity>Atlanta </organizationcicys
<organizationstates>Gle/organizationscaces

<organizationzip>3033Z</organizationzip>

<organizationphones>4045844519</organizationphone:

<nsfdirectorate>CSE </nsfdirectorates

<programe lementoodess> 74554/ programe lementoodess>
<programreferencecodes>HPCC| 9215 | 7454</ programreferencecodes>

<fieldofapplications>0104000 Information Systems | </fieldofapplicaci
<avardnunber>0640291</ avardnuber:>

<abstract>IIS-0640219 Ling Liu elt;lingliufcc.gatech.edusgr:
</ award:>

Institute of Instcicu

~

Fall 2013 CS 7450 43
<document>

<docID>0808863</docID>

<dochate>July 1, 2008</docDates

<docSource></docSources

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

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

Data Ainalysis 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 approsches to make breakthroughs in data
representations and transformations. The work is directed along the tvo main axes 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
Fall 2013 CS 7450 44
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El Correction

Edt Vew Beckmris

] ey Eriies. 1)

| analysis scoroacn based design =:oirscn araph INfOrmation interaction
interactive Iarge layout method EINGIK Paper pattems present results space technique

techniques users usng visual ViSUalization visuaizations

Summary: I 3150 provides a Nexbie user iNErTace for examining Gierent perspectives &
hat show the Benavior of the SOUrCe CO0e On lest sets, ranging from iNdihidual tests, 1o
IMpOMant sutisets such 3s Te set of failed 12sts, 10 he entire test sule

(k]

Source: information Visualizalion, 2001_INFOMS 2001. IEEE Symposium on
Dage: Oct 22, 2001

Technical note: visually encoding program test information o find fauts in Software

Lane test suites are frequently used to evaluste software systems and to locate errors.
Unfortunately, this process can generate a hug nt of data tat is aificutt t
interpret manually. We have created a system,  that visually encodes test
03ta tn help find program emors. The SyStEm USES 3 Pri - Add as Conost enty

TEQrESEnt NOW SOUCE INES 301N P3SSE0 anG 380 1851 Adds mibr =ity B USET
interface for examining oifferent Perspecoves that SNOW,  ayj gs corfersnce emiay 3€ €002

nfovis06—4015426
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; tests, to the entire test sute Addas ity
. . Add ety
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Entity Aliasing

| matrc visusiations
| medcal rfcrmation Systems
| multi-variate temporal event se.
| mutievel cal matrices

| multievel vaszatons

| mutudl fund portfoiios:

| navigation

1 nod Ik clagrams

| dbject-crented programming

1 cbject-criented programs

1 ogtmal snmaters

Fall 2013 CS 7450 46
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ias Representation

Graph View.
Edit

View Bookmatks Filter Iterns

Select Items  Options

Crculer Layout PeniZoom to fit

fLos An
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More Complex Task Eval
—
Consider investigative analysis tasks
involving sensemaking, awareness, and
understanding
Research questions

How do people use systems?

What characteristics matter?

What should we measure/observe?

Exploring methods for utility evaluation

Kang et al
VAST 08 & 7TV(CG'11

Fall 2013 CS 7450 49

System Examined - Jigsaw

bvrs SOUTCE ipects ot truek wiau us

Fall 2013 CS 7450 50
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Study Design
%
Task and dataset Your HW 7

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.

Fall 2013 CS 7450 51

Study Design - Settings

=

1: Paper

2: Desktop

3: Entity

4: Jigsaw

Fall 2013
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Desktop

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

Fall 2013 CS 7450 54
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Results

s

Paper Desktop Entity Jigsaw

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
Final Score 2287 6500 2426 87.08 | 6208 67.13 4213 2941 5223 1500 2926 8119 | 9505 5807 7520 90.00
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel-  Good Very Excel

good lent good good lent lent good lent
Average
Score 49.80 50.19 44.42 7959
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
# of Queries 19 18 48 8 23 61 59 91 44 4 26 8
FWS\QUEW 40:49 19:55 2:47 12:41 1:31 0:29 0:59 3:12 0:18 25:37 4:18
Amount of Many None Many Some Many Some Few Some Some None None Few Some Fev Fev Fev
Notes
First 0:07 0:05 0:16 53 19:57 2:47 8:20 2:37 3:14 0:48 0:32 5115 78:45
Note Taking
First 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
Task Sheet
Fall 2013 CS 7450 55

Results

s

Paper Desktop Entity Jigsaw

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
Final Score 2287 6500 2426 87.08 | 6208 67.13 4213 2941 5223 1500 2926 81.19 [ 9505 5807 7520  90.00
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel Good Very Excel-

good lent good good lent lent good lent
Average
Score 49.80 50.19 44.42 79.59
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
# of Queries 19 18 48 8 23 61 59 91 44 4 26 8
First Query 40:49 1955 247 12:41 1:31 0:29 0:59 3:12 0:18 5:35 4:18
Amount of Many None Many Some | Many Some Few Some | Some None  None Few | Some Fev Few Few
Notes
First 0:07 0:05 0:16 53 1957 247 8:20 2:37 3:14 0:48 ):32 5115 7845
Note Taking
First 43:20 3253 70:13 325 | 61:35 20:226  7:33  64:11 | 28:09  0:52 2:55 720 | 48:26  41:48  43:.00  5:33
Task Sheet
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Jigsaw Usage Patterns
5

,

sl Main View
. Document View

Graph View

Timeline View
Task Sheet

Investigative Strategies
35
Overview, filter and detail (OFD)
Build from detail (BFD)
Hit the keyword (HTK)
Find a clue, follow the trail (FCFT)

P16: "I like this people-first approach. Once I identify key people, then
things that are potentially important come up, too. I'm an impatient
person and don’t want to read all documents chronologically.”
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Results by Strategy

Paper Desktop Entity Jigsaw
P1 P2 P3 P4 P5 P6 P7 P8 PO P10 P11 P12 | P13 P14 P15 P16
Strategy OFD OFD BFD OFD OFD OFD FCFT BFD BFD HTK HTK FCFT | FCFT HTK OFD FCFT
Used
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel Good Very Excel-
good lent good good lent lent good lent
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
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Paper Desktop Entity Jigsaw
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
Strategy OFD OFD BFD OFD OFD OFD FCFT BFD BFD HTK HTK FCFT FCFT HTK OFD FCFT
Used
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel Good Very Excel-
good lent good good lent lent good lent
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
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Results by Strategy

Paper Desktop Entity Jigsaw
P1 P2 P3 P4 P5 P6 P7 P8 PO P10 P11 P12 | P13 P14 P15 P16
Strategy OFD OFD BFD OFD | OFD OFD FCFT BFD | BFD  HTK HTK FCFT | FCFT HTK  OFD  FCFT
Used
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel Good Very Excel-
good lent good good lent lent good lent
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
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Paper Desktop Entity Jigsaw
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
Strategy OFD OFD BFD OFD OFD OFD FCFT BFD BFD HTK HTK FCFT FCFT HTK OFD FCFT
Used
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel  Good Very Excel-
good lent good good lent lent good lent
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
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Results by Strategy

- S

Paper Desktop Entity Jigsaw
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
Strategy OFD OFD BFD OFD OFD OFD FCFT BFD BFD HTK HTK FCFT | FCFT HTK OFD FCFT
Used
Performance Fair Very Fair Excel- Very Very Good Fair Good Poor Fair Excel- | Excel Good Very Excel-
good lent good good lent lent good lent
Documents 50 50 50 50 50 50 50 50 49 31 45 50 31 50 46 23
Viewed
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Tool Design Implications

R —l]|
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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Jigsaw’s Influence )
——il®
Supporting different strategies

Showing connections between entities

Helping users find the right clue
Helping users focus on essential information

Reviewing hypotheses &
Increasing motivation - -

Fall 2013 CS 7450 65

Evaluation Recommendations
s

Compare system usage to traditional methods
Collect qualitative data, support with quantitative
data
Consider questions to be answered
Possible metrics

Number of documents viewed

When note-taking initiated

The quantity of representations created

Amount of time and effort in organizing

Time spent in reading/processing relevant
information
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Application Domains

g}ﬂ
Intelligence & law Topics on the web (medical
enforcement condition)
Police cases Autism _
Won 2007 VAST Contest Consumer reviews

Amazon product reviews,
edmunds.com, tripadvisor.com

Gorg et al, HCIR ‘10

Stasko et al, Information
Visualization ‘08

Academic papers, PubMed

All InfoVis & VAST papers Business Intelligence

CHI papers Patents, press releases,

Gorg et al, KES ‘10 corporate agreements, ...
Emails

Investigative reporting White House logs

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

NSF CISE awards from 2000

Fall 2013 CS 7450 67

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
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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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i2’s Analyst Notebook

~
Contact Us Dovenload Certer Info Request Search
ﬂ 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 investiation but t remains obscursd by the volume: and apparent rancdomness of individual 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 inteligence analysis. it enablss investigators and analysts to turn large volumes of disparate data into actionakle inteligence Soldions
r - iBase
WWith Analyst's Nofebook you can:
iBridge
ChartReader
* * m =4 K PatternTracer
A Y 2 1 TexChart
IS o ¥ i g M 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
ehats fram strueturad data data v

Done
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Analyst’s Notebook \
R —l]|
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

Fall 2013 CS 7450 71

Oculus’ Sandbox
N

3
g Who wants to XXXX 7

Video

2 condusions e

Wright et al
CHI ‘06

Fall 2013 CS 7450 72
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Sandbox
iﬁ"g
Flexible space for inserting text and
graphics
Objects can be dragged-and-dropped
from their other analysis tools

Flexible level of detail

Flexible gestures for making space,
inserting, etc.

Assertions with evidence gates
Reasoning templates

Fall 2013 CS 7450 73

PARC’s Entity Workspace

F'[r'\rrm'l[;{-TEB%M,‘QFadedmm [;mﬂ—’s%im%a‘ﬂwdﬁm] Vldeo
—_— [ 1631 copto Ave., Ricimend va )
w5950 raved cobel (D B b j Bier, Card & Bodnar
e OROBEE VAST '08
rvsacons @ I L
Fall 2013 CS 7450 74
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Entity Workspace

B —-

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

Fall 2013 CS 7450

VT’s Analyst’s Workspace

Fall 2013 CS 7450 V|de0
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Analyst’s Workspace .
Uses spatial affordances from a large
display area for benefit in sensemaking

Analysts move around and arrange items
(documents, entities, search results) to
externalize the thinking process

Like working with pieces of paper on a

conference table, but with computational
capabilities

Andrews & North
VAST ‘12
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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
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Sensemaking

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

Fall 2013 CS 7450 80
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This Topic )
\,ﬁ
I work on it a lot now

Interested in getting more work in this
area started
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HW 7

— ———Y)
Be an intelligence analyst

Use Jigsaw (available on web)

Documents on t-square
Turn in: Your paragraph description of
“threat” + process description (and any
materials you want to submit)
Due Tuesday 26" @ 4pm

1 hardcopy, not email
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Upcoming

Time series data

Reading
Aigner et al ‘08

Evaluation

Reading
Carpendale ‘08

Fall 2013 CS 7450
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