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Data Overload

e How do we make use of the data rather
than being overwhelmed by it?
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Human Vision

Highest bandwidth sense

Fast, parallel

Pattern recognition

Pre-attentive

Extends memory and cognitive capacity
People think visually

Impressive. Lets use it!
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Visualization

* “The use of computer-supported,
interactive visual representations of
data to amplify cognition.”

— Card, Mackinlay, Shneiderman ‘98
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Purpose

e Cognition, not graphics

e “The purpose of visualization is insight,
not pictures”
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How?

e Visuals help us think

— Provide a frame of reference, a temporary
storage area

e Cognition — Perception
e Pattern matching

e External cognition aid
— Role of external world in thinking and reason

Larkin & Simon ‘87
Card, Mackinlay, Shneiderman ‘98
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To Help Convince You

e Why visualization helps...
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Which cereal has the most/least potassium?
Is there a relationship between potassium and fiber?

QUEStiOﬂS: If so, are there any outliers?

Which manufacturer makes the healthiest cereals?

A B © o} Honey-camb
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Even Tougher?

e What if you could only see one cereal’s
data at a time? (e.g. some websites)

e What if I read the data to you?
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Some Examples

e Static “InfoGraphics”
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NYC Weather

2220 numbers

NEW YORK CITY'S WEATHER FOR 1980

AUGUST SEPTEMBER ocTosen NOVEMBER | DECEMBER

1 S R | i 1
. = — RELATIVE UMDY ASOFNGON}—+—— L ] L =

New York Times, January 11, 1981, p. 32.
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Atlanta Flight Traffic

JET NOISE

Hartsfield International averages more than |00 takeoffs and landings per hour. [0 Landing aircraft
Wind direction determines the direction the planes fly. These diagrams show jet = |ng‘ alrc.
flights (propeller planes are not included) for two days in late 1999. Departing aircraft

- = - :
Atlanta Journa| [iaools sncisings S S St Sgu tie v

April 30, 2000
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Internet Traffic

http://www.wired.com/magazine/2010/08/ff webri

PROPORTION OF TOTAL
US INTERNET TRAFFIC
NEWSGROUP!

PEER-TO-PEER
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Population

http://infographic

Where We Live...

Unlike many developed countries, the U.S. keeps growing. We are also moving
south and west. But compared with China or India, the na is a vast prairie

®7 A !*[(":H\.;\-{t(‘I\
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Pie | have eaten

¥ Pie I have not
yet eaten

http://infosthetics.com/archives/2008/09/funniest pie chart_ever.html
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Purpose

e Two main uses of visualization

— Analysis — Understand your data better and
act upon that understanding

— Presentation — Communicate and inform
others more effectively
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1. Analysis

e Given all the data, then

— understand, compare, decide, judge,
evaluate, assess, determine, ...

¢ Ultimately, about solving problems
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When to Apply?

e Many other techniques for data analysis

— Statistics, DB, data mining, machine
learning...

e Visualization most useful in
exploratory data analysis

— Don't know what you're looking for
— Don't have a priori questions
— Want to know what questions to ask

2 ‘ @ < 1-(‘0 VIRATA DA
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EDA Example

e Business

— Why has Hyundai made such great strides in
the US market?

— How influential was their “Lose your job,
we'll buy the car back” campaign?

— Have their cars improved in quality? If so, in
what major ways?

— Is the Genesis as good of a car as the Lexus
ES?

‘ @ < h{‘(’ AMALELAO A

2. Presentation — Tell a story

e Use visualization to communicate ideas,
influence, explain

e Visuals can serve as evidence or support

e More and more news articles are
accompanied by a data visualization
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CNN

http://www.cnn.com/homeandaway

CWN Home | Video | NewsPulse | U.S. | World | Politics | Justice | Entertainment | Tech | Health | Living | Travel | Opinion | iReport | Money, | Sports

Afghanistan Cr blog

CASUALTIES: RAQ Q [gEE

Showing 2,215 US and Coalition casualties

TE.html#

December 15, 2007 EJ SIGN IN TO EMAILOR SAVE THIS | FEEDBAGK

Naming Names

Nawmes used by major presidential candidates in the series of Democratic and Republican debates leading up to the Lowa caucuses.

r any candidate’s
de

EDWARDS

one candidate speaking
the last name of anather
candidate

Each trin ne represents —— BB () N during the
ore e kg j X tick mark re

words.

Each slice represents
Every lin atan

arrow, whicl ints to the
name that was spoken.
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Strongest Benefits of Visualization

e Facilitating awareness and understanding

e Helping to raise new questions and supply
answers

e Generating insights

e Telling a story and making a point

Example Domains for InfoVis

e Text & documents

e Statistics
Financial/business data
Internet information

Software

e13



*8/25/2012

Example Domains for InfoVis

e Statistics
Financial/business data
Internet information

Software
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Text is Everywhere

e We use documents as primary
information artifact in our lives

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

- WWW
— Digital libraries

‘ @ < h{‘(’ AMALELAO A
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Example Tasks & Goals

Which documents contain text on topic XYZ?
Which documents are of interest to me?

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

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

What are the main themes and ideas in a document or a collection?
Which documents have an angry tone?

How are certain words or themes distributed through a document?
Identify “hidden” messages or stories in this document collection.

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

Find connections between documents.

‘ ® < h{‘(v AMALELAO A

A Little Tour
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Tag Cloud (Flickr)

& Popular Tagz on Ficks - Windows intemet Expiorer

(€] o0 it
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Jump 1o

itecture art australia baby tand barceiona Deach
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nature new newyork w night Nikon nyc oce paris park
portrait red nver rock sanfrancisco
w SKY SNOw spain street sSuUMMer sun sunset
na travel tree irees trip uk wban US@
vacation nogon water wedding white winter

What are tags?

Tags help you find pholos and vdeos whi
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http://www.wordle.net
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SotU Wordles
All about America
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Showing
word
patterns

in multiple
documents

testified

vessel
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Different
circuit courts

suitable "
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b
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Collins et al
VAST ‘09
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NY Times State of the Union Reviews

o W Window btemet Expc ==

Adding search
and queries
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Eick
S e esoft Journal Comput. & Graph. Stats ‘94

ﬂﬂﬂﬂﬂﬁﬂﬂﬂﬁ ﬂ@gﬂﬁﬁﬁ Large text

overview

New Testament
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Many Eyes’ Word Tree

From King James Bible

and

thine heart , and with all thy soul ,

withall

thygod

thy heart, and with all thy soul , and with all thy

that
mind

strength

Keop his charge , and " an .

to

lord '

yourgod

love the

good
e

truth

other ; or else he will hold to the one , and despise the other . ye cannot serve god and mammon

rooms. an 1
uppermost

seats
father

brotherhood
world
beethven

children of

http://www-958.1ibm.com/software/data/

Phrase Nets

amusement

collins

e pride
urs!
elizaheth father
catherine ease
v \one
bingley ™

Numowr

igvorasce Tolly

sense e
follias
sisters

conntenance

tion

mother
sister

womer uncle

e o
mierstanding P
amiable

health fortune

e
=

care

astonished

ognos/manyeye
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fooked

naying

sy

wieats stto

dance

Fig 5. Matching different patterns on the same text. Here we analyzed Jane Austen’s Pride and Prejudice with “X and Y” and *X at Y”
respectively. The left image shows relationships between the main characters amongst others, while the right image shows relationships

between locations.

van Ham et al
TVCG (InfoVis) ‘09
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http://textarc.org

TextArc

A http://textarc.org/images /alice6.gif - Microsoft Internet Exp
Ele Edt Vew Favoies Took tep
Gvack v+ - QD) A Qoearch wrFavorites PHsory Byv B W H D
Address |1 ntp: /ftectarc crgiimages/aliceé gif

=] @co ||Links ™

Sentences laid out
in order of appearance

Words near to where
they appear

Significant interaction

Brad Paley

‘ @ < h{‘(’ AMALELAO A

€] oone ® internet

Keim’s Group’s Work

Keim & Oelke
VAST ‘07

Oelke & Keim
VAST ‘10
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Self-Organizing (Kohonen) Maps

URL: ichck on red dots for intemal links and blue dots for extemal ones __‘j
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Wise et al
InfoVis ‘95

http://www.pnl.gov/infoviz

2 1.(‘(7 " ;;\(\T(c‘ A

°21



ThemeRiver
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Havre, Hetzler, & Nowell
InfoVis ‘00
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Jigsaw

Visualization for Investigative Analysis
across Document Collections
¢ Law enforcement & intelligence community
e Fraud (finance, accounting, banking)
e Academic research
e Journalism & reporting
e Consumer research

“Putting the pieces together”

‘ @ < h(‘(’ AMALELAO A

The Jigsaw Team

Current: and many alumni
Carsten Gorg

Zhicheng Liu
Youn-ah Kang
Jaeyeon Kihm

‘ @ < h(‘(’ AMALELAO A
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Problem Addressed

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

Spreadsheets

Articles &
reports

Blogs

‘ @ < 4~(‘(’ AVMNALAO A

XML documents

Our Focus

e Entities within the documents

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

e Thesis: A story/narrative/plot/threat
within the documents will involve a set of
entities in coordination

‘ @ < 4~(‘(’ AVMNALAO A
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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.

h(‘(’ AMALELAO A

Entities Identified

Source:
Date: May 14, 2004

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

Arrow, 50, 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 ¥ancauver on Tuesday.

A ke issue will be whether Arrow is affiliated with a terrorist group,
wihich would immediately disqualify him from receiving refugee status in
Canada, authaorities 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 EBL

considers a terrorist organization responsible for scares of attacks on

property over the past dozen years.

< h(‘(’ AMALELAO A
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Connections

e Entities relate/connect to each other to
make a larger “story”
e Connection definition:

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

— The more documents they appear in
together, the stronger the connection

‘ @ < 4~[‘(’ VHATA O

Jigsaw

o Computational analysis of document text

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

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

e Views are highly interactive l!
and coordinated

‘ @ < 4~[‘(’ VHATA O
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System Views
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Example Document Collection

eRobertParker

Wine Advoca

¥
Bl Welcomeito
Robert Parker /

Online

&
~

‘ @ g h[‘(’ AMAALA DA
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Demo

o Reviews of wines from Tuscany, ‘07-on
— Text: review narrative

— Entities: variety, producer, rating, vintage,
color, location, producer, “descriptor”, ...

o Descriptor (~ 9000)
— eg: abrasive, oaky, cherry, mocha, textured

e 1132 reviews
— From database of 150,000 reviews

‘ @ < h{‘(’ AMALELAO A

Console

% Jigsaw

File Views Entities Tools

JIGSAW
New Project
1132 documents
Color Legend:
Location (35) ColorClass (3) Country (1)
Descriptor (721) Dryness (2) IsBarrelTasting (2)
LabelName (501) Locale (5) Maturity (5)
Producer (260) ProducerShow (260) Rating (14)
Region (1) Site {10) Variety (23)

Vintage (4) WineType (2) maturityShow (4)

Search

Workspace: no active workspace

‘ @ < h{‘(’ AMALELAO A
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% List View

Document View

& Document View

Edit View Bookmarks Bxport

*8/25/2012

2008 2009 american @NICIPAE bensenvie bouder clean estate finish fowers gimignano grazia

importer importers imports including matu rlty michael rafael selection skurnik syosset

Vernacciawhite wines

Documents (<] B
188395
188410
188433
212282
212553
212554
234054
234060
238556
238557
238643
238685
264497
264513
264514
264559
264560
264630
264631
264706
264765
264807

bDOODDOODDDODDDODDDDODD

&3 | summary: Le Calcinaie's 2007 Vernaccia di San Gimignano offers notable compiexity in its white
peaches, minerals, smoke and earthiness
|
|
[source:
Date:

Le Caicinale's 2007 Vermaccia di San Gimignano offers notable complextty in its white peaches, minerais.
smoke and earthiness. Medium in body, it possesses excelient persistence, and a long, refreshing finish
This is just about as good as Vemaccia gets. Anticipated maturity: 2008-2000

American importers, including Michae! Skurnik, Syosset, NY.
90, 1L

Affiliated entities:

ColorCiass: Wiile
Country: ltaly

Descriptor: body compiexity earthiness finish medium minerals peaches refreshing smoke white
Dryness: Dry

IsBarrelTasting: 0

LabelName: Vernaccia di San Gimignano

Location: Vernaccia di San Gimignano

Maturity: 4§

maturityShow: Old

- Cakcinale, Tenuta le

ProducerShow: Tenuta le Calcinaie

Rating: 87

Region: TUscany

@ < h{‘(’ AMALELAO A

Edit View Bookmarks Lists Options Expert

Producer v | [Addall| [Clear | [ Show all connections

1 Conti Costanti
1 Cotsini, Principe
| Corti Corsini, Le
1 Corzano E Paterno
1 Cupano
W D'Alessandro
| Degii dej, Tenuta
W Dei, Az
Del Cabreo, Tenute
W Duerni
u Falchini
1 Fanti
1 Famete, Tenutz le
W Farnetell, Castello di
W Fattoria di Monsanto
1 Fattoria I Casslone Pepi Lignana
Felsina, Fattoria di
1 Folonari, Ambragio & Giovanni
Fontaleoni

1 Fortediga
1 Fossacolle

W Frescobaldi

1 Fuligni

1 Gabbiano, Castello di
liole

W Ghizzano, Tenuta di
Grattamacco

W Greppi, 1

1 Guado Al Melo

1 Guado al Tasso

1 Tcario

11 Bormo

1 1 Palazzino, Poderie

H Isole e Olena

1 Lisini

1 Livernano

1 Lohsa

v | [Addall| |Clear | Show all connections |

X

I Ansonica
I Caberlot
I Cabemet Franc
| Cabernet Sauvignon
I Cannaiolo
| Chardonnay
I Cliegiolo
I Colorino
I Merbot:
| Montepulcano
| Monteregio Rasso
| Morelino
| Pinot Noir
W Proprietary Blend
| Pugnitelo
= B Sangiovese
4 | sangiovese Grosso
I Sauvignon Blanc
I syrah
| Trabbiano
| Vermentino
| Vernaccia
| Viognier

@ < h{‘(’ AMALELAO A
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Graph View

% Graph View

Edit View Bookmarks Filterltems Selectltems Options

Grauiar Layout | [_PanaZoom to fit

®Rassi di Montalcino

Hitaly

Buature

* Tuscany

Montepultiane:

nneto

@
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@softness @
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# Document Cluster View

Edit View Bookmarks Export Options

Group by Filters
Undo Filters
Fide Unfiltered

Clusters

Text Default)

ca,napa, tuscany: 36
2,214 52

ca,fine,napa: 63

bedford international larchmont
yearslate,oenclogist: 38

new, york,wines: 145

wines, cabernet, fruit: S0
importers,lichil: 52

j rocks opici: 32
kobrand,corppurchase: 44
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Document Grid View

% Document Grid View

Edit View Bookmarks Export

Add All Show in Clusters

Sortby
Document to compare similarity to

Sentiment Color by
Compute Similarity based on Text
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Calendar View

Calendar View

Edi Wiew Bookmarks ShowAll Clear Al Fiters Granularity
Use Doc Date

2004
Use Date Entiies
2004
2010
Keyword (5)
[ muli-agent systems

W inteligent agent:
[m]

000000
W computer graphics

SOSOOC
[Cdivision (1)
Ous
[ feldofapplication 0}

O Michigan Technological U+

+6404
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WordTree View

@ Waord Tree View

Edit Bookmarks
<-Back

118 matches _— anopen, inviing persondity
character and . oyeral baisnce o this kvl
varietal -  long, refreshing finish, with pretty floral notes that acid complexty on the close.
attractive aromatics that are laced throughout.
N vintsge character in i ripe red frut and florsl notes.
-~ the wines are < Yaund. the real surprise is just how well they develop in bottielmporter: Tasco YWines Inc
. frankly | wauld like to think this perennial Brunello superstar could do more at the Rosso level
~ it gets in 2008, a year mariked by @ cold springhat reduced vistds significantly followed by a warm and very dry summer that reduced yields again
“this s, | expected more from Forterol considering the prestige of the Riserva andthe oreainess of the year
- fiuit, but ot enough plumpness or struCture to stand up to the French ok
depth in its - dark oy tnt, spices, lesther and corice
perfumen red frut and soft, approachable personaity
-~ sl of which come thraugh in & sightly rustic style
- balance - - bLtR daesrit seem destined for & ong Ite.
~ andl an understated personalty in ts dark red frut, but it inthe way of rue regional, varistal or vintage character.
belance
definition and = . oeran naance
long, cigan finsh
¥ound, hermonious personsity.

i pa
frONEINERNSIY ™ g ren tepers ot raner auicky.
front jiciness and brightness but then loses = kit of persistence on the mid-palate and finish.
. -~ balence, but il inthe way of rue pediree
JUICINESS &N ™ yeryy 115 cirk ret i  resi, vinous stte best erfoyed on he young side
_~ an sttractive personsity.
“body and " o arnougn it cous use a e rore bripness
- oakis a kit pronaunced stthe outset
@5 1€ atonale for paying e premin for Grnelia dozsrit make any sense at all when the sscand wing s s outstandng
 Chiarti as readers il ind for the maney,
and nightime
cheice for casud, informal drinking:
delinestion i s aromas and flavors 1o go slong with an invting personalty
freshness and acidty
- owersl balarce s harmony.
- persistence and an open, approachable personalty.
source for tasty Chiartis made in an overt, fruit-driven stylelmporter: Ernpsan, USA, Alexandria, Vatel
vibrancy and freshness in s red berries, with oot length and a round, hemenious personaity
wine forthe money
30 minutes priorto servingto allow the ouget o find s focus.
Chianti Classico, perhaps 2ven & Riserva, but ncthing more:

.~ definition and -

as -

~length and a =

- up -

T

Showing 40 / 103 (38.835%) leaves in current branch, of 103leaves in tree. Prune Percentage: | 38.835(=] | Prune to Window |
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% Circular Graph View

Edit View Bookmarks Filterltems Options
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Scatterplot View

4 Scatter Plot View

Edit View Bookmarks
Rating -

2 © O & © & O & & & O O ©
& ¢ & O 6 & & & & & & °

&
o »***“iw R

|4]¥an

Application Domains

Intelligence & law enforcement
— Police cases
— Won 2007 VAST Contest

— Stasko et al, Information
Visualization ‘08

Academic papers, PubMed
— All InfoVis & VAST papers
— CHI papers
— Gorg et al, KES '10
Investigative reporting
Fraud

— Finance, accounting, banking

Grants

— NSF CISE awards from 2000
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Topics on the web (medical condition)
— Autism

Consumer reviews

— Amazon product reviews,
edmunds.com, tripadvisor.com

— Gorg et al, HCIR 10
Business Intelligence

— Patents, press releases, corporate
agreements, ...

Emails
— White House logs

Software
— Source code repositories
— Ruan et al, SoftVis ‘10
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To Learn More & Availability

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

Available for (free)
trial use

Send email to:
stasko@cc.gatech.edu
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Conclusion

e Visualization is about fostering new
insights

— Analysis
— Presentation

e Interactive exploration instead of
sequential reading

e Text/documents is a fascinating new area
for visual analytics research
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‘interfaces
The Information Interfaces Group. an HCI research group In the School of

Interactive Computing at Georgia Tech, develops computing technologles that
help people take advantage of information to enrich their lives.
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