Visual Analytics

—

CS 7450 - Information Visualization
November 16, 2015
John Stasko

Agenda

— e al®
Overview of what the term means and

how it relates to information visualization
Some example VA research projects

Specific example, Jigsaw, helping
investigative analysis

Related systems
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Visual Analytics
i
A new term for something that is familiar
to all of us

Informal description:

Using visual representations to help make
decisions

Sounds like infovis, no?
Let’'s be more precise...
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Before there was VA

— A

Growing concern from some that infovis

was straying from practical, real world

analysis problems

Infovis typically not applied to massive

data sets

Infovis “competes” with other

computational approaches to data analysis
Statistics, data mining, machine learning

Fall 2015 CS 7450 5

Important Paper
— e al®
Shneiderman suggests combining
computational analysis approaches such
as data mining with infovis — Discovery
tools
Too often viewed as competitors in past
Instead, can complement each other

Each has something valuable to contribute

Shneiderman
Information Visualization ‘02
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Further Questions .
Are information visualizations helping with
exploratory analysis enough?

Are they attempting to accomplish the
right goals?

Fall 2015 CS 7450 7

Another Important Paper n
- )

Information visualization systems inadequately
supported decision making:

Limited Affordances

Predetermined Representations

Decline of Determinism in Decision-Making
“Representational primacy” versus “Analytic
primacy”

Telling the truth about your data versus providing
analytically useful visualizations

Amar & Stasko
Covered earlier this term InfoVis ‘04 Best Paper
TVCG 05
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Task Level .
Don't just help “low-level” tasks
Find, filter, correlate, etc.

Facilitate analytical thinking

Complex decision-making, especially under
uncertainty

Learning a domain
Identifying the nature of trends
Predicting the future

Fall 2015 CS 7450 9

More Motivation

— A
Increasing occurrences of situations and
areas with large data needing better
analysis

DNA, microarrays

9/11 security

Business intelligence

Fall 2015 CS 7450 10



Articulating the Motivation -
=&}$

Video

http://videotheque.inria.fr/videotheque/doc/635
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Histo

ry -
2003-04 Jim Thomas of PNNL, together
with colleagues, develops notion of visual
analytics
Holds workshops at PNNL and at InfoVis
‘04 to help define a research agenda
Agenda is formalized in book Z/luminating
the Path, shown on next slide
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Visual Analytics Definition

Visual analytics is the science of analytical reasoning facilitated
by interactive visual interfaces.

People use visual analytics tools and techniques to

= Synthesize information and derive insight from massive,
dynamic, ambiguous, and often conflicting data

= Detect the expected and discover the unexpected
= Provide timely, defensible, and understandable assessments
= Communicate assessment effectively for action.

Hluminating
the Path

B o Dttt bgndn
sl aigcs

1o e o

2005 something we do not understand.”

" Thomas & Cook “The beginning of knowledge is the discovery of
~Frank Herbert (1920 - 1986)

Visual Analytics
Eﬁ"g—
Not really an “area” per se
More of an “umbrella” notion

Combines multiple areas or disciplines

Ultimately about using data to improve
our knowledge and help make decisions

Fall 2015 CS 7450 14



Main Components

Interactive
visualization

Analytical
reasoning

Computational
analysis

Fall 2015 CS 7450 15

Alternate Definition

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 2015 CS 7450 16



Synergy
— A
Combine strengths of both human and
electronic data processing

Gives a semi-automated analytical process

Use strengths from each

Machine Human

Statistical Analysis Human-centered Human Cognition
computing
Semantics-based

Data Mining  approaches

Information Perception

Design Visual
Intelligence

Management
Compression & Information Visualization Decision Making

Filterin
¢ Graphics and Rendering Theory

) SR (—

From Keim
Fall 2015 CS 7450 17
InfoVis Comparison .
—

Clearly much overlap

Perhaps fair to say that infovis hasn't
always focused on analysis tasks so much
and that it doesnt always include
advanced data analysis algorithms

Not a criticism, just not focus

InfoVis has a more narrow scope

(Some of us actually do believe that infovis
has/should include those topics)

Fall 2015 CS 7450 18



Academic Context

NS~ )

Computational analysis

Artsy casual

infovis, etc. Information

Visualization
~1990

My interpretation
Fall 2015 CS 7450 19

Visual Analytics

NS~ )

Encompassing, integrated approach to
data analysis
Use computational algorithms where helpful

Use human-directed visual exploration where
helpful

Not just “Apply A, then apply B” though
Integrate the two tightly

Fall 2015 CS 7450 20

Pure analytical reasoning
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Domain Roots .
Dept. of Homeland Security supported
founding VA research

Area has thus been connected with
security, intelligence, law enforcement

Should be domain-independent, however,
as other areas need VA too
Business, science, biology, legal, etc.

Fall 2015 CS 7450 21

VA-related Research TopicsrwT

Visualization

InfoVis, SciVis, GIS
Data management

Databases, information retrieval, natural language
Data Analysis

Knowledge discovery, data mining, statistics
Cognitive Science

Analytical reasoning, decision-making, perception
Human-computer interaction

User interfaces, design, usability, evaluation

Fall 2015 CS 7450 22



m( Visual Analytics

Partnership Disciplines

+ Statistics, data representation and statistical graphics
+ Geospatial and Temporal Sciences
+ Applied Mathematics

+ Knowledge representation, management and
discovery
- Ontology, semantics, NLP, extraction, synthesis, ...

+ Cognitive and Perceptual Sciences

« Comunications: Capture, lllustrate and present a
message

+ Decision sciences
+ Information and Scientific Visualization
And far more than homeland security

CS 7450 23

Multiple Techniques Contribute to Threat Assessment

Prediction
Synthesis
Cognition Analysis
Pattern An Content
Organization Management

Integration Connect the

Dots

Aggregation

Data Information Knowledge

CS 7450 24
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+ Available at
http://nvac.pnl.gov/ in PDF
form

+ At IEEE Press in book form

+ Special thanks to IEEE
Technical Committee on
Visualization and Graphics

NVAC Nationol Visualization and Analytics Center™

CS 7450 25

W) Overview of the R&D Agenda

+ Challenges

+ Science of Analytical
Reasoning

+ Science of Visual
Representations
and Interactions

- Data Representations
and Transformations

 Production, Presentation, and
Dissemination ,

Production,
- Presentation &

* Moving Research Into Dissemination

Practice

» Positioning for an Enduring
Success

CS 7450 -~


http://nvac.pnl.gov/

More History
European Union has become very active
in visual analytics area
VisMaster project

N nVisMaster =
[ e | mows | e | im0 | b | cowr | |
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Vision of the Future
%
PNNL Precision Info Environments (PIE)
video

Emergency response scenario

http://precisioninformation.org

Fall 2015 CS 7450 28
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Application Area
Eﬁ“ﬁ-
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 2015 CS 7450 29

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 30
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mc Critical Thinking*

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

: Points of View | Purpose of
Elements of thought: the Thinking
Implications &
Consequences Question at Issue
Assumptions Information

Concepts |Interpretation
And Inference

* Foundations of Critical Thinking wwuw.criticalthinking.org
CS 7450 31

Example:

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

CS 7450 32



Intelligence Process

3.Search for 6.Search for 9.Search for 12.8earch  15.Reevaluate g
Information Relations Evidence for Support ge

Whe & what* o e fhyrolatac? Vot s it hav o o How i v kot
i he problea at fand?

(inuitiple
hypothasar.
fypothesis gen,
order bias
source tracking)

ihalding large
strusture Sensemaking Loop

avenview)

(vialtrme,
organizaon)

STRUCTURE

{skimmning
finding infa,
volume)

Reality/Policy|Loop

evidance,
waliine)

2.8earch 5. Read & 8 Schematize 11.Build 14.Tell

| & Filier Extract Cabﬁw_

EFFORT

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

Pirolli & Card

Intl Conf Intelligence Analysis ‘05
Fall 2015 CS 7450 33

Intelligence Process
I |}

AlProduction
Emphasis Analysis

1 .
Collection

Modeling

Time

Wheaton
In preparation

Fall 2015 CS 7450 34



Pain Points
Cost structure of scanning and selecting
items for further attention
Analysts’ span of attention for evidence
and hypotheses

Fall 2015 CS 7450 35

Stasko, Gorg, Liu Gorg et al

J igsaw Information Visualization 08 TVCG'13
555'5
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”

Fall 2015 CS 7450 36
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The Jigsaw Team

Carsten Gorg

Zhicheng Liu and many others
Youn-ah Kang

Jaeyeon Kihm

Jaegul Choo

Chad Stolper

Anand Sainath

Sakshi Pratap

Fall 2015 CS 7450 37

Problem Addressed Analogy

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

[ —————— -

ji

Spreadsheets

Articles & =i
reports —
S - | Blogs
XML documents |
Fall 2015 CS 7450 38
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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

Fall 2015 CS 7450 39

Doc 1 Doc 2 Doc 3

John Smith June 1, 2009 Mary Wilson
Atlanta

B
oston PETA

Bill Jones

Fall 2015 CS 7450 40
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Entity Ildentification

Must identify and extract entities from
plain text documents
Crucial for our work

Not our main research focus — We use
tools from others

Fall 2015 CS 7450 41

Sample Document

Feport: Z0040510-4 16
May 14 2004

VANCOUVER, British Colunbia - A Canadian immigration panel is considering
whether accused environmental saboteur 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 Vancouver on Tuessday.

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

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

Fall 2015 CS 7450 42
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Entities Identified
I 1}

Source:
Date: May 14, 2004

YANCOUNWER  British Columbia - A Canadian immigration panel is considering
whether accused environmental sabateur 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 authorities to remain in Canada as a political
refugee at a hearing in ¥ancouver on TUBSHay.

A key issue will be whether Arrow is affiliated with a terrorist group,
which would immediately disgualify him from receiving refugee status in
Canada, autharities 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 far scores of attacks an

property over the past dozen years.

Fall 2015 CS 7450 43

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

: 1IS
: 2860

Fall 2015 CS 7450 44
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Entities Already Identified
: 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 m
: Ephraim Glinert E!’Bt!t!@g

1 IIS
: 2860

Fall 2015 CS 7450 45

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 2015 CS 7450 46



“Putting the pieces together”

E—-

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 2015 CS 7450 47

System Views

cognton leSigN ascus <t AN

analysis o« analytic animation s
e infOrmation infovi T —

Fall 2015 CS 7450 48
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Console

Entity

types P

Fall 2015

Jigsaw

Fle Views

Entities  Tools

JIGSAW

infovis-vast
512 documerts

Color Legend:

W author (1017) W concept (77)
B confersnce (2) O indexterm (1790)
W journal (17) O keyword (1202)
=]

vear (18)

Entities  [[] Documents

Workspace: no active workspace

CS 7450

Document View

Document View,
Edit  Wiew Bookmarks

[] ony Enties

d

analysis analysts analytic animation based cognition design discuss display gvaluation <'
framework |1 fO rm atl ONinfovis interaction level ocaization paper research
Systems tasks techniques video visuaIV|SuaI|Zat|0n visualizations

Cocuments [<|® &
infovis00--885091
infovis01--963277
infovis03--1249027
infovis04--1382902
infovis05--1532136
infovis07--4376.134
infovis07--4376 144
infovis08--4658127
infovis08--4658139
infovis08--4658145
infovis09--5230708
infovis¥5--528685
vast07--4389006
vast07--4389013
vast03--5332536
vast09--5333878

6O0ODDODDDDDDDDDD

[=]

summary: 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 potential
benefits of such systems have heen conducted, particularty controlled, comparative e

Source: Yisual Analytics Science and Technology, 2009. VAST 2003 &
IEEE Symposium on
Date: Oct 12, 2003

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

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
controlled, comparative evaluations. Dietermining how 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 (ar nat) can help inform the design af new
systems in this area. We conducted an Evaluation of the Visual analytics
system Jigsaw employed in a small nvestigative sensemaking exercise,
andwe compared its use to three other more traditional metnods of
analysis. Sideen participants performed a simulated intelligence
analysis task under one of the four conditions. Experimental resLtts
suggest that Jigsaw assisted participants to analyze the data and
identify an embedded threat. We describe different analysis strategies
used by study participants and how computational support (or the lack

e__

thereof) influenced the stratedies. We then illustrate several &

Fall 2015

CS 7450
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Important

—— words in

loaded docs

Automatic
summary

Entities
identified

54
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. i Lists of entities by type
List View Connections highlighted

Edt Vew Bockmarks Lsts

Cptions

Concept

1 VAST
ight

W visual analytics.
W case stu
| cognition
[

1 categorical
document

aichware
| high-dhmensiond data

1 Tatu, A,
| Tavart, M

Fall 2015
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Graph View

Document

& Graph View.
Edt View Bookmarks Fiter tems Select Items  Optons

Circdlar Layaut FanéZoam to Fi

Entities

Fall 2015
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ordTree View

Word Tree View
Edit  Bookmarks

110 matches

interaction

y and throughtests perts, over the standerd provided.
 financial pied et rterscive visualzaiion more ftectively form rypotheses and identiy aret
& < provide & way to improve interactive navigation in tresmaps.
"~ reasoning both operationally and strategically
.~ anmportant part of nformation it has garnered of attertion from the
. 187 by driling down through many successive layers.
b ~ visusizations.
¥ DELWEEN - oy stom snatacktype were found
|\ - for dimensiorkerarchy maripullion.
¥ 100IS 25 heen developedt
Y are et inmecietely clear
¥ Coste in Informetion costis an important but po factor design.
1\ DataSpatisl imteractions (or flows), such as populstion migrstionsnd dissase spread, naturally form & welghted lo stion-to Jocationnetwork (graph).
| araph model.

Context of a word
in the collection

interaction

createslgarihms to execute techniaues efficiertly,
lastrate their use in interactive graphvisualization.
‘zoom that provices

Land <

- ween averview anc dtal, and 3 fsheye disorion tht isplays he focus =
. ~ (focus strength chaneing, racial rotation,level highlighting, secondary foci, animated transtions and nodeinformation) to assist in the explorati
~ <

tEChNIGUES ™~ atowingsemantic analyss of the underying deta sels

e hopefully lay aniniial foundation towsrd = desper understanding and 2 science of interacion.
xist, but they typically fous on low-lsvel operations and dlo not addiress the variety of benefts interaction provides.

for anovel and extensible set of intsractiontechnicues for marip.
cisplayed nodes

118 " &y ctems were made.
@ 2D modified scatterplot computed from two ditferent metrics calculated over the elements of & network.
/7~ Wt 5 ntormation from text documentsThe peper dscrines an spprasch o1 thet content or enhenced and analysis.
- an ) oy e method
/ - atomated

special prapetties and relations of identifisd patterns.
- s hard to provide richvisual fesdhack st interactive rates for datasets conteining millans ofertries.
-, = temporal flexibity, spatial fiexbiity, and changing coliborationstyles.

i complexx sosial networks s a critisal component of visusltaols for inteligence analysis, consumer behavior analysis, and human geogtaphy.
on adesktop computsr

technique for expancing or colapsing sublrees o any depth with a single mouse drag

P diect P shared large displays.

fer graphs with visusl nedesGraph technieues enable complex relations while communicating tarclagy.
techniaues for manipulating of and then applying to modity their layout orgraphical properties.
capsbilties in SelTrend provices aninnovative aparoach tothis problem ancito ciher simir types ofmultivariste, temporally oriven transaction data analysis.
cortext.

Showing 36 / 100 (36.000%) leaves in curtent branch, of 100 leaves intres. Prune Percentage: | 36 5| [ Prune to Window

Fall 2015
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Document Cluster View

Clustered by
document text
or by entities

Summarized by
three words

Document Cluster View
Edit  View Bookmarks

Highlight Viewied Documents

Graup by Filkers
Hide Unfiltered

Clusters

[ Al Documents -~
£ man, reclucton, methods: 15

1) document, text, color: 26
() metwork, used, structure: 28

- 3, used, wseri 30

() interaction, treemaps, user: £

() desion, collsoration, support
2 stheas, varish, magnificatio
{0 abstract, viewing, uses: 25
) cods, using, sources: 8

2

Fall 2015
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Document Grid View

e von st User controls
[ show in Clusters  infovis01--963275 : 0.25 Sort by Color by v (o] rde ra nd

Document to comparesimlarkyto| | Compute Smiarty basedon co I or
| [ ]

Sentiment
analysis
shown here
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Calendar View

B cal View
Yt A A Y ey
[] Use Doc Date. 2004 2005 2006 2007 2008 2009
Showing Eomosnstes o e [ooes -
N fegh s 5 o=
connections |- ET o
7] karyword (5) ~| Feby
between Lt
W intsbger agent seee osese osebede el e
ay e ] Mar
entities an B oo otes
R ettes seoe seee [ ssens oses
dates ] ard-nsr (0) e
[ cosi 1)
[ rectorate (8) soeces seee csees cesec .0
[ divesicn (1) May
o
] Fiekiof appication (0) a0 Seee0 0080 L 222 ) R 2T T )
[7] crganization (5) ™~
e
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o
Sep
o
o
e
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Circular Graph View

Connections
between
entities

Fall 2015

Documents
containing
pairs of
entities

Fall 2015
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Demo .
R

VAST *10 Challenge
Collection of articles, intel reports, etc.
Identify a threat in the planning

Fall 2015 CS 7450 63

Computational Analyses
——
Document summarization

Document similarity

Document clustering by content
Text or entities

Sentiment analysis

Gorg et al
TVCG'13

Fall 2015 CS 7450 64
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Document Import

ooooo

Documents (oxt pof doc xls htm el

Fles: || Browse]

Entity Identificaiton

Statistical Entity Identification

Cace ®Hond
O LingPipe
O Calais
OGATE

O Tinois-MNER

Various document

. . Rule-Bazed Entity Identification
formats Wlth entlty [ODate [Phone [Zpcode [DEmal CJURL [CIP address
Id entlfl Catl 0 n Clictionary-Based Entity Identification

Entity Type:  Dictionary File:

Browse... | [Case sensitive
Browse... | []Case sensitve
[ Case sensitive

Fall 2015 CS 7450 65

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 2015 CS 7450 66



<awards:

<awardnunber>0640291</ avar dnurbers

<title>3GER: Distributed Spatial Partitioning Algorithms for 3calable Processing of Mobhile
<nsforganization>II3 </nsforganizations

<programs>DATA MANAGEMENT SY3TEMS</programs:

<startdater3eptember 1, Z006</starcdatex

<lastamendmentcdate>Septenber 12, 2007</ lastamendmentdace:

<principalinvestigator>Liu, Ling</principalinvestigators

<state>GLha/states

<organization>GL Tech Research Corporation - GA Instictuce of Technology «/organizatic
wawardinstrument>Standard Grant </awardinstrument:
<prografrmanager>Le Gruenwald </ programmanager >

<expirationdate>February 29, Z005</expirationdate>
<awardedamounttodater»65502 </ avardedamount todate:>

<co_pinames:</oo_pinames:

<piemailaddressslingliufec.gatech, edu

<organizationstreetaddress»Office of Sponsored Programs <forganizationstreetaddresas
<organizationcityrAtlanta </organizationcitys
<organizationstaterGhl</organizationstates

<organizationzip>30332</organizationzips

<organizationphone>4045944519</organizationphone>

<nsfdirectoraterC3E </nsfdirectorates

<programe lementcodes:>7455</ programe lementcodes:

<programreferencecodes>HPCC| 92 15| 74584</ programreferencecodes>

<fieldofapplications>0104000 Information 3ystems | «/fieldofapplicati
<awardnurber>0640291</ avar dnumber>

<abstract>IIS-0640219 Ling Liu &lc;lingliufce.gatech.edusgr;
</award:>

Inscitute of Instici

-
Fall 2015 CS 7450 67
<document:

<docID>0808863</docID>

<docDate>July 1, 2008</docDate>

<docSource></docSource>

<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 Analysis and Visualization) Lead research team at the Georgia Imstitute 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 meke breakthroughs in data
representations and transformations. The work is directed along the two main axes of scale reduction, data reductio

<directorate>C3E</directorace>
<award-instr>Continning granc</award-instr>
<programreferencecode>HPCC</ programreferencecodes
<programreferencecode>9Z18</programreferencecodes
<keywordsvisualization</keyword>
<keywordralgorithms</keywords
<fieldofapplication>0000912 Computer Science</fieldofapplication>
<state>Gi</state>

<organization>GL Tech Research Corporation — Gi Institute of Technology</organization>
<keywordsdata analysis</keywords
<keywordrinformation visualization</keywords>
<keywordrmachine learnings</keywords>
<amount>1200000</ smount.>

<pizPark, Haesun</pi>

<zopixJohn Stasko</copis]

<copizhlexander Gray</copiz

<copi»Renato D. €. Monteiro</copi>
<copi>Vladimir Koltchinskii</copi>
<progmgrrLawrence Rosenb lum</progmogrs
<division»CCF</division>

<keywordrvisual analyrics</keyword:

<programe lementcode>1114</ programe lementoodes
<programe lementcode>H194</ programe lementoode>

</ docurent>

Jigsaw Datafile Format
Fall 2015 CS 7450 68
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El Correction

Edt View Bookmarks

]Dwm 1

| analysis zpproach based design exploration graph information interaction
interactive Iarge layout method REIWERK PaPer patems present results space technique

technigues users using Visual VISU al|zat|on visualizations

Documents <<= = I | summary: It also provides a flexible user Inferface for examining different perspectves =
fovs00—885091 | |that show the behavior of the source code on test sets, ranging from individual tests, to
infowis impartant subsets such as the set of falled tests, to the entire test sute

Source: Information Visualization, 2001, INFOVIS 2001, IEEE Symposium on “
Date: Ot 22, 2001

infovis07-—4376 134
ifovisD7-4376144 || Technical nate: visually encoding program test information to find faults in software

nfows08—4658127
fovisnE—4E5E 155 Large test suiles are frequently used lo evaluate software systems and Lo locate errors.

P06 4esaiqs || Unforiunately, iis process can generate a huge amount of data that i ificult to
- i Interpret manLaly. We have created a system, IR, 1t visually encodes test
ovs09-5290708 || 51z 1o help find program ermors. The system USes @ pri  Add ss Concest srkiy

>o0000DDOCDODDODDORODDD

infovis35-528585 FEPTESENT NOW SOUFCE INES ACT IN PASSE0 ANC TAIBT 1851 Addas suthorentty )2 USEF
vastO?- INEITACE fOr ExAMINING OITErEnt PErspEctives At SNOW  add s corfersnce ey € COOE
st O TBSE Sets, FANDINg ITDM INCMOUIB! EBS1S, 10 IMPOMANt § 4y oo o ¥ faed
Vvasto-5332596 155, 10 the entire test sute e ity
vastD3-S333678 o
infovisD1-963288
nfovis02-1173144 Add a5 new erkRy tyoe
rifovs04- 1352868 i Teot 1o Toblet
infowis(5--1532148
infovisD6—4015426
infovis07—4376129
sofongeli)_E00ENA 2

Fall 2015 CS 7450 69

Entity Aliasing
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Alias Representation

Graph View.
Edit

View Bookmarks Fiker Items  Select Items  Optians

Crcular Layout PaniZoom o fit

Fnight

®VestLA Farmer

®animal De

®Laola
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http://www.cc.gatech.edu/gvu/ii/jigsaw/tutorial

Getting Help

- o x
e *l*

€8 o utechedur a

4 thunderbind subscribe folder B B+ AS =
gMuumm-mm-—Yrmc&m..mw!um'_lm:&cmmnl&y.. 2 rumbic 14 Geat €378 1T 14 30 ihengs [ dner 2 G Q3 Crase [ WP By Lieney (5 ST

,
-
=

A

Jigaaue Home | System Views | Vides Tulasial | Examel

ment Sots | In the Nows |

7 Comtost | Getting Jigsawe |

Jigsaw: Visual Analytics for Exploring and Understanding Document Collections

Jigsaw Tutorial Videos and Documentatio

- T page confaes  sens of o, orl adeos et new 10 Jigserw to 10 use the system and how to starl exploring & document
coliscton The videos are Fsted n an order of ogical chvonciogical caton vt Jigsaw. Each vidsa's nama is a link fo a Flash file. The links at the end of aline are 1o standalone mp4 video
[ files with 1he 626 shown. The pago also contains a knk 1 the written Jigsaw Tutarial documantation. We recommand thal you print oul this documont and rewow it a5 you walch the videos
Jigssw Manuaii Tutoria

HTML version of manual
pdf version {usaful for printing}

Videos
System Requirements - What is needed to be able to run Jigsaw (2 6 MB MP4)
Importing Documents - How o import documents into Jigsaw (5.7 ME MP4)
1g with Enfities - H s, creats
Computational Text Analysis - How 10 perfom lext mining analyses (0.6 MB MP4)
Projects and Workspaces - Saving and restoring sessions (1.5 MB MP4)
Using the Control Panel - Operations available in the control panel and how to search for lerms (2 3 MB MP4)
Document View - How 1o use he Document View (5.5 MB MP4)
List View - HOW 10-US6 @ LISt View (6.2 MB MP4)
Cluster View - How 1o use the Cluster View (S MB MP4)
Graph View - How 1o use tha Graph View (6.2 B MP4)
Grid View - How 1o usa the Grid View (5.5 MB MP4)
Calendar View - How o use ihe Calendar View (2.5 MB MP4)
Wordirs View - How o use e WondTree iew (71 U Pe)
Seatterplot View - How to use the Scatterplot View (2.0 MB MP4)
Cirukar Graph View  How 1 uso th Grcuar raph Visw (1.7 ME WP4)
Timedine View - How 10 use the Timelna View (1.1 ME
Tablet - How 1o take noles and reson with ihe Tameuu MB MP4)

Manual, how-to videos
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See Examples

[ fyee——

¢+ TrrerTeTr——— T+ ¢ | A ounderbin subscrs foer TR0 9 3 ae =

ey,
Intarfa:es

R Agsww Home | Sysee Views | Video Tutorial | Example Documest Sets | In the News | VAST ‘87 Getting Jigsaw

-

I Jigsaw: Visual Analytics for Exploring and Understanding Document Collections

o N i T i Usage
— Rt ekt B, Al e o S, Yoo o Ko, Joyen it Pt Roge Pncombs, v S 1in S, Sron Wikams .
= scenario
- £ 00WNLOADS

. Tutoial Videos - nskuckona wmﬂovmlmmhmmuwlh-‘wlw 1
s o videos
o1 Rt:w(l‘/ﬂen{mﬂbEtmngmeleoorlqlsmamaw
InOVISVAST Papers Video (2012) - Academic papars expioration (18 MB mov)
e 1

CHi Papers Vidoo (2010) - CHI conf papers sconand (Flash, 46 MB mpé)
odigsanw Video (2010) - Genomics appication (Flash, 53 M8 avi)
Tusorial Video (2009) - More dedaits about views (11 MB mov}
Overviw Video (2007) - Introduction 10 System (20 MB wmv, 32 M8 mov)

" PAPERS
papers
053 Raleasa Reflections on the Evolution of the Jigsaw Visual Analytics System - information Visualizabon 2014
Jan 19, 2014 Combining Computational Analyses and Interactive Visualization for Document Explocation and Sensemaking in Jigsaw - TVCG.
2013
Sgeaw Form Visual Analytics Support for intelligence Analysis - Computer 2013
Examining the Use of s Visual Analytics System for Sencermaking Tsks: Case Shuos with Dowain Expets” - TVCG 2012

Analysin? tion - TVCG 2011

\guage Processing for Supporting Analysis Across the Blomedical Literaturs - KES 2010

zaton to Enhancs Information Rerievel - HCIR 2010
Evaluating Visual Analytics Systems for Investigative Analysis: Deriving Design Principles from a Case Study - VAST 2000
Jigsaw: Supporting Investigative Analysis through Intersctive Visuaiization - information Visusizaton 2008

Evalusting Visusl Analytics t the 2007 VAST Symposium Contest - [EEE CGSA 2008

Jigsaw: Supporting Investigative Analysis through Interactive Visualization - VAST 2007

Abstacts
Jigeaw: Visuallzation for Investigstive Analysis VacViews artice

Jigssw to Save Vestopolis - VAST 2011 Mini Challenge 3 Awsre: ‘Good Use of the Analytic Process’ (Invited Chalienge Paper) - VAST
201

Data Ingestion and Evidence Marshalling In Jigsaw VAST 2010 Mini Challenge 1 Award: Good Support for Data ingest (iavited
Chalerge Papw) - WAST 2010
e meets Biue Kguanadon - The VAST 2007 Contae Inwted Contest Pager)- WAST 2007

Lowmscomech sy’ main/puperntestt-hstorge o ARl Aatica ity s st Dosiac Ratacs VBT v
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Application Domains

gﬁg
Intelligence & law Topics on the web (medical
enforcement conditi_on)
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 C_Orporate agreements, ...
I tigative reportin Emails

nvestg P g White House logs

Fraud Software

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

NSF CISE awards from 2000

Fall 2015 CS 7450 75

Potential Jigsaw Future Work

S—

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...

Fall 2015 CS 7450 77

i2’s Analyst Notebook

~
Cortact Ls Download Certer Info Reguest Searsh
n 2 US4, Canada & Caribbean (%
Horne Cormpany Praducts Solutions Serices Partners Support

Products

i2 Analyst's Notebook
Powering Analysis

v sHigations and analysis Invoive vast amourts of raw, muki-format deta gathered from & wids varety of sources. Somewhers in this
date lies the key to your investigation bt  remains ohscured by the volume and apparert randomness of indivicual facts.

Analyst's Nolebook
Analyticl Capabilties
Oriine Data Analysis
Information Sharing

Analyst's Nateboak 712 the world's mest powerful visual investigative analysis software vwhich brings clarity o complex investigations Analyst's Netehook SDK
and inteligence analysis. & enables investigators and analysts to turn large velumes of disparate data into actionable intelligence. Solutians
iBase

With Anaiyst's Nofebook you can.

iBridge
ChartReader
#* il " - e =2\ H PattemTracer
TR VA Py’ o TexChart
=5 E ¥ 3 = ChartExplater

Analyst's Workstation

2z o

the big picture. ner: elin.
eharts from struetured data
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Analyst’s Notebook q
— e al®
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 2015 CS 7450 79

Oculus’ Sandbox

Video

Wright et al
CHI ‘06

Fall 2015 CS 7450 80

40



Sandbox
%
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 2015 CS 7450 81

PARC’s Entity Workspace

e, P .
‘ [ ezt o [ 8047596200 W avaal Goa || Vldeo
s v anacosa () I -. Bier, Card & Bodnar
- ORIRLR 1 VAST '08
Fiysalmba(l__.f._llw ‘|—‘\]_’h i
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Entity Workspace
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 2015 CS 7450 83

VT’s Analyst’s Workspace

Fall 2015 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

Fall 2015 CS 7450 87

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 2015 CS 7450 88
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Other VA Projects
i
Just a few other nice examples of visual
analytics...

Fall 2015 CS 7450 89

IN-SPIRE™ Visual Document Analysis

A “Thinking Aid” for advanced investigation of unstructured text

10000000

& Uncovers Common Topics in
Large Document Collections

Enganging Displays for Exploration

Multiple Query and Search Tools

Supports Real-Time Streaming Data

Compatible with Foreign Languages
i Shows Trends over Time

http://in-spire.pnl.gov CS 7450 90 %
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Larry Masinter
)

Mackinlay
\ / O
Manti'A. Hearst

Robert DeLine Li)‘
GeorgeG. Rowgrtson (1) Geeroe &R
/ T

Video

System for entity resolution
in large networks such as
bibliographic collections

System does computational
analysis and provides
suggestions and user can
augment and correct

Fall 2015

WireVis

Heatmap View
(Accounts to Keywords
Relationship)

Bilgic et al
CS 7450 VAST "06 o1
Video
————————— searCh by A
Example (Find
Similar

Helping Bank of
America examine
wire transfers of
money to detect
money laundering
and fraud

Sfrings and Beads
(Relationships over Time)

Fall 2015

Look for certain
temporal patterns
and keywords in

N descriptions
___ Keyword Network
(Keyword
Relationships) Chang et al
Information Visualization ‘08
CS 7450 92
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Video
Coast Guard Search & Rescue

Shows stations,
incidents, response
times

Visualize historical
data and support

p , _ Calculate risk

: ‘ ' - | e assessments and
Shk e ‘ ________~|then communicate
L , g visually

Malik et al
VAST ‘11
Fall 2015 CS 7450 93

Many Others
A number of nice examples shown earlier
on Graph & Network visualization day
Perer: Social Action
etc.
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“what if” explorations
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HW 7
— A
Be an intelligence analyst
Use Jigsaw (emailed you a link)
Documents on t-square
Turn in: Your paragraph description of
“threat” + process description (and any
materials you want to submit)
Due Monday 23
1 hardcopy
Only one late day allowed (30t")
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Upcoming

Visual Perception

Reading
Stone

Evaluation

Reading
Carpendale ‘08
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