Interactive Visual Analysis
for Networks & Text

Jeffrey Heer Stanford University




Set A SetB

X Y X Y
10 8.04 10 9.14
8 6.95 8 8.14
13 7.58 13 8.74
9 831 9 8.77
11  8.33 11  9.26
14  9.96 14 8.1
6 7.24 6 6.13
4.26 2 3.1
10.84 12 9.11
7 4.82 7 7.26
5 5.68 5 474

Summary Statistics Linear Regression
Uy = 9.0 Oy = 3.317 Y2=3+0.5 X
uy =7.5 Oy=2.03 R2=0.67 [Anscombe 73]







How much data (bytes)

will we produce in 2010?




2010: 1,200 exabytes

10X Increase over 5 years

Gantz et al, 2008, 2010




The ability to take data—to be able to understand it, to
process it, to extract value from it, to visualize it, to
communicate it—that’s going to be a hugely important
skill in the next decades, ... because now we really do

have essentially free and ubiquitous data. So the
complimentary scarce factor is the ability to understand
that data and extract value from it.

Hal Varian, The McKinsey Quarterly, Jan 2009
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1 Visualization




Chart Typology




: State Quick Facts

zinggoat Friday May 18, 3:08 PM
L= Census Bureay

peaple census

[ view as text
Population Persons FE A [P0
pute Population under 65
Populati percent under 3 18
opulation . percent years
People change  Population years
- 2005 o change years old and
QuickFacts . April 1 2000 _ old
estimate 1990 to old ovel
2000 to 2000 percent
July 12005 oppg  Percent percent
2004 2004
1 Alabarna 4557805 0.03 4447100 0.1 0.0v 0.24 0.13
2 Alaska BE3661 0.0 F2R932 0.14 0.03 0.249 0.0
3 Arizona AO30252 016 £130E32 0.4 0.0a 0.27 0.13
4 Arkansas 2779154 0.04 2673400 0.14 0.07 0.25 0.14
& California IE132147 007 3387IE48 014 0.07 0.27 0.11
6 Colorado 4665177 0.03 4301261 0.31 0.0v 0.26 0.1
7 Connecticut 35102597 0.03 3405565 0.04 0.0 0.24 0.14
g8  Delaware 843524 0.03 733600 0.18 0.0v 0.23 0.13
89  Florida 17789864 0N 15952378 024 0.05 0.23 017
10 Georgia 807 257E 0.11 8186453 0.26 0.0a 0.26 0.1
11 Haweaii 1275124 0.05 1211537 0.0 0.0v 0.24 0.14
12 Idaho 1425059: 0.1 1203553 0.29 0.07 0.27 0.11
13 llinois 12763371 0.03 12415293 0.09 0.0v 0.26 0.1z




o
Choosing a visualization type for

Analyze a text

Tag Cloud

How are you using your words? This enhanced tag cloud will show you the words popularity in the given set of text.

Learn maore

Wordle

Wardle is a toy for generating "word clouds” from text that you provide. The clouds give greater prominence to words
that appear more frequently in the source text.

Learn maore

Word Tree
and-| Seea branching views of how a word or phrase is used in a text. Mavigate the text by zooming and clicking.
me
Learn maore

Compare a set of values

Bar Chart

How do the items in your data set stack up? A bar chart is a simple and recognizable way to compare values. You
can display several sets of bars for multivariate comparisons.

Learn maore

Block Histogram

This versatile chart lets you get a quick sense of how a single set of data is distnbuted. Each item in the data is an
individually identifiable block.

Learn rmore




: Federal Spending by State, 2004

Creator: Anonymous
Tags: census people

People QuickFac... )
Click to select, Federal spending 2004 ($1000)

Ctrl-Click: multiple Dizks colored by People QuickFacts
Shift-Click: range

Alabama [i Morth Car...
M Alaska

. 55.2 mil
B Arizona

Arkansas

Georgia

55.2 mil _ i
Pennsylvanis
B Colorado S

Califarnia

B Conneckicut

Delaware
Florida
W Georgia
M Hawaii
Idaho
M 1lincis
M Indiana ~ 250 mil

Mew Yaork
W Towa L 150 mil 144 mil

Kansas L 100 mil

B kentucky
M Louisiana
M aine

Marvland L0 rnil

To highlight or find tokals

click or ctrl-click,

Colar | People QuickFacts M

50 mil

[v]

Bubble Size |Federal spending 2004 ($1000% Label | People QuickFacts M
Fietail sales per capita 2002 ~
Minarity-owned firms percent of tokal 1997

Digta i {wiomen-owned firms percent of katal 1997
Howusing units authorized by building permits 2004
Federal spending 2004 (41000}

Land area 2000 {square miles)

Persons per square mile 2000

FIPS Code

Fr e s F 1L

Census Bureau

£ |




= MADGLIBS'
(2) MY MUSIC LESSON

Every Wednesday, when I get home from school, I have a piano

lesson. My teacher is a very strict h o4 s5€ . Her name is
NOUN

H lany c '.’. (';,unr pci’a,r?o is a Steinway Concert +f L
CELEBRITY (FEMALE) NOUN

and it has 88 ‘MEU PS5 . It also has a soft pedal and a/an
URAL NOUN

r

{ pedal. When I have a lesson, I sit down on the piano
ADJECTIVI

A[ BE RTO  and play for ‘6 lmim’f‘; . I do scales to

NOUN PERIOD OF TIME

exercise my ‘P%U ﬁ I;%N ,and then I usually play a minuet by

Johann Sebastian _Wa < hing h’ ¥) . Teacher says I am a natural
CELEBRITY (LAST NAME)

) fd Heuse and have a good musical | €7} . Perhaps
NOUN PARTOF THE BODY

when I get better I will become a concert Ve 'f" and give
PROFESSION

a recital at Carnegie hc’5 P 64-4 l
TYPE OF BUILDING




Visual Form

Data Visual Views

REWY LElE Tables Structures

Data Visual View

Transformations Encodings Transformations

I | I




= DEE
File Execute Windows Connection Options Help J; File Edit Execute Wiy

=
Help

L

Categories:

Debugging
Import and Export
Interactor
Macros
kdiscellaneous
Realization
Rendering
Special
Splines
Structuring
Transformation
ALL }

Cartography To

Asteroid
AzimuthalEquid@tant
CylindricalEquiddstant
Globe
HammerAitoff
tdaplmageConto@Surfa
kdercator
tMollweide
MNpoleQrtho
PointProjections
Projections
ShowFiducials
Sphere
SpoleQrtho
WorldMap
WorldiapProjections

fit Execute Options ﬂelp‘

e RO [ e e Value | Opacity |
&8

I 511817

47581
424.775
| 382.413
343.582

s
— 201.091
| 560485

159.307
125417
100

|

Undo Ctrl+U Hedo OorleDd

Mode: Rotate — |

Set View: None = |

Projection: Perspective — |

View Angle: | 30000 o
Close Reset Ctr+F

min max min r g b r min max min max min  max

100.00000







Today's first task is not to invent wholly new
[graphical] techniques, though these are needed.
Rather we need most vitally to recognize and
reorganize the essential of old techniques, to make
easy their assembly in new ways, and to modity their
external appearances to fit the new opportunities.

J. W. Tukey, The Future of Data Analysis, 1962.




Protovis: A Declarative Language for Visualization
http://protovis.org/
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A graphic is a composition of data-representative marks.






Protovis

Create customized visualizations using a
declarative specitication language.

var vis = new pv.Panel();

vis.add(pv.Bar)
data([1,1.2,1.7,1.5, .7])
bottom(10).width(20)
height(function(d) d * 70)
left(function() this.index * 25 + 20);
vis.render();

Protovis (protovis.org) - Declarative Visualization Design



T o soou

Writehsk Taranid

/ Poi‘zzk Chyzt Maojaisk

Floubaloe

Daorago
Srnolensk

Malojaresewli

by
Min sk Mokalow
0\:\
o 2400t of 18 Oar _—
-11% 2A NS 5" ap Now —apt
-aa% al@ M, _
a6t onDer eqterDec BaT 2N 2% g MNow 300
-za® of Do
var army = pv.nest(napoleon.army, "dir", "group”); vis.add(pv.Rule).data([0,-10,-20,-30])
var vis = new pv.Panel(); top(function(d) 300 - 2*d - 0.5).left(200).right(150)
lineWidth(1).strokeStyle("#ccc")
var lines = vis.add(pv.Panel).data(army); anchor('right").add(pv.Label)

lines.add(pv.Line) font("italic 10px Georgia")

data(function() armyfthis.idx]) text(function(d) d+"°").textBaseline("center");
left(lon).top(lat).size(function(d) d.size/8000)

strokeStyle(function() color[army[panelndex][0].dir]); vis.add(pv.Line).data(napoleon.temp)

left(lon).top(tmp) .strokeStyle("#0")

vis.add(pv.Label).data(napoleon.cities) .add(pv.Label)
left(lon).top(lat) top(function(d) 5 + tmp(d))
text(function(d) d.city).font("italic 10px Georgia") text(function(d) d.temps" "+d.date.substr(0,6))

textAlign(‘center”).textBaseline("middle”); textBaseline("top").font("italic 10px Georgia");



Fevenue Q3 2009

$2.3 M ———

$OM $0.5M 0 $1M 0 £1.5M $2M £2.5M  £3M $3.5M  $4M

Widgits Q3 2009

0,55 ————— |
as af II_-'EI_-'.'.?I 1 1 1 i i
)=} 0.2B 0,48 0.6B 0.2k 1B

EPM Q3 2009

| ] ] ] | | | | | | | |
0,00 40,50 $1.00 $1.50 $z.00 $250 4300 4550 4$4.00

Bullet Charts | Clint Ivy
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Climate Graph | Robert Kosara
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PRELUDE NO.1 IN C MAJOR, BWYV 846
[FRUM WELL-TEMPERED CLAVIER, BOOK 1)

ryJ.S. BACH
g I | l,\ .
I A, I =
it i
: T ll WW fIf fif fWI[ WI] MI[ W | I ’hll N ,l e

[ocus-gnd-play ranpe:  ervre pece 3 SleTl df medsume: | (fres) 3

Bach’s Prelude #1in C Major | Jieun Oh

note: k-th phrace begins on measuses 2k-11+1
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150

FlickrSeason | Ken-Ichi Ueda



Dymaxion Maps | Vadim Ogievetsky



Current Status & Results

Protovis has led to faster designs, less code

Job Voyager: 5x less code, 10x less dev time

Over 20,000 downloads and widely in use
Multiple implementations: JavaScript & Java

Behind-the-scenes optimization & parallelization

20x scalability over prior systems (in Java)




http://protovis.org
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Craph Viewer

Craph Viewer
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*MedHelp

sharlng thelr experlences |

Popular Communities

Health Information

Search conditions, svmptoms, and treatments

Finding cures together.

AP

Health Centers

Experts Fets Wy MedHelp

Member Login

Hickname Password
Femermbear login info

Forgot your password or nickname?

Women's Health

Breast Cancer

Physical Health

Dermatology
Gastroenterology
Heart Disease
Lyme Disease
Neurology

Maternal & Child
Ovarian Cancer
Pregnancy

Healthy Living

Addiction
Allergy

Children's Allergies

HIV Prevention
Men's Health

Monthly visitors: 10 million

Medical posts: 4,301,267

% MedHelp Partners See all

¥ 3 Cleveland Clinic

HEALTH

Partner with MedHelp

MedHelp works with doctors, hospitals,
and non-profits to find cures together.

Become a partner

Login | e Free Membearship




%™ Discussions ALALA If you have PAH, are at least
Sort by: | Last Post v | Replies 18 years old and are currently belng
treated with PAH medicatlon, you
s WELCOME to our Asthma 3 Aug1a may be eligible to participate.
Hefeome Community! " helpmyteenag. ..
by ChitChatMine 5%, Jun 12, 2008 08:52PM Jun 18 littlejenny2.. D W
Welcome to our Asthma Community! f you or a Moy 13 Cic el ?ta! ?
vedore b e loarnislady40. . or visit phelinicaltrials.com.

advertisement

Regina's cough

by ladyrgr, 42 minutes ago 2 Related Communities
I'Ye been couging for twa years, The cough is very productive. |ve
cop & Respiratory Disorders
Interstitial Markings
by alcklm1987, 4 hours ago &} MedHelp Health Answers
| had a chest xray done to check for TB. TE came back negative
hut the Type your medical guestion here
elliots asthma powder 1940's 6 Oct 19 flickD2
by colind, Oct 27, 2007 02:01AM Feb 15 rnidleygirl
Has anyone info on "Elliots"s Asthma 0909 Swiftyone
Fowder" 1940"s(Elliot's and 1005
Bustra... bladerunnerl]...
1107 caregiverddZ
... 1007 jdesouza
Cat or Road? 4 Oct 13 wishy
by nautilis, Oct 16, 2010 09:40FPM Ot 18 nautilis
Hi I've recently moved to a new home, and Ot 17 bsmsl
almost straight away lagreed..  Oct1Bnautis Siheimted dags
help 2 Oct 19 wishy _ RS
by squeakerd20, Oct 17, 2010 06:29PM Oct 17 bsmsl e . ML L N
i just hit my throat on the comer of my couch and now it feels like Rovers LUNG Retrsmcitng DANL ommen. Singular
h-a-'L' -------------------------------------------------------------------------- worried  help ¢l:ll.lgh adwair ASth m
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Design Considerations

Multiple representations aid reasoning
Node-link + Matrix views, linked plots

Networks are more than just structure
Attributes of nodes and edges
Evolution over time

Transformation & visualization go hand-in-hand
Filtering, Aggregation, Statistics
Deftining Network Ties, Subdivision




Current Work

ORION: A network processing pipeline
Extract networks from input data
Define, merge, and weight links
Graph manipulation: aggregation, subdivision

Graph statistics: BC, clustering, community id

Next Steps: design a GUI for interactive
specification of transforms & visualizations







Why Visualize Text?

Understanding - get the “gist” of a document
Grouping - cluster for overview or classitication

Compare - compare document collections, or
inspect evolution of collection over time

Correlate - compare patterns in text to those in
other data, e.g., correlate with social network
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Wordle Tag Cloud of a Political Speech



adverted

aka

anent
appellant

appellant's
appellee

asseveration

below
boat.

brief

commonwealth
defendant
del
ens‘ |I.|ed
error
event
factfnding

ferritin
gui:i.nln':i

here

incarcerative
inference

inter
jury
limned
Ist
might
more
mortgage
plausible
point
say

see
some

suggested

supra
think
fit
town
trialworthy
vessel

viz

whom

First

adjourned
alia
allocution
arbitration

asbestos

closure
commenced
complaint
copyright
date

defendant

disenfranchised
watotion
foreign
I:ﬂ.l:ﬂ

injunction
inter
internal
keeEIock
marks

millions
omi’l&.d

plaintiff

plaintiff's
principal
quotation

racketeering
reinsurance

respect
security

see

sharehalders

shares
sterile
stock

SUDwRY
summation
traae
vacated
waybil

wheare

Second

al\o&atul
analysis
antitrust

app

arbitration
asbestos
assets
bankruptcy
believe

benefit
bottlers

class

common

context
cradriors

debtor

exereise

ﬂdué\éry
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How might we best summarize

text documents?




Approach: tirst observe how

people read and summarize text




Method - Part 1

Asked 69 subjects (all Ph.D. students) to read
and describe dissertation abstracts.

Students were given 3 documents in sequence,

they then described the collection as a whole.

Students were matched to both familiar and
unfamiliar topics; topical diversity within a
collection was varied systematically.

We then analyzed and modeled the results...
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Term Commonness

log(tt,) / log(tf,..)

The normalized term frequency relative to the
most frequent n-gram, e.g., the word “the”.

Measured across an entire corpus or across the
entire English language (using Google n-grams)
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Grammar: Technical Term Patterns

Technical Term T=(AIN)+ (N|C)[| N
Compound Tech. Term X =(AIN)xNof T

Regular expressions over part-of-speech tags.

A = adjective, N = noun, C = cardinal number.

Prior work suggests these patterns can be used
to identify important terms in text.

Over 4/5 of selected terms match pattern!



Method - Part 2

Build a statistical model of keyphrase quality

Train a logistic regression model
Positive examples: selected phrases
Negative examples: randomly sampled phrases

Assess contributions of four classes of features:
Freq stats, commonness, grammar & position

Evaluate the phrases selected by our model
using precision & recall measures
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Precision
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Precision

Adding Grammatical Features
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Precision

Adding Positional Features
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Model Feature Coefficients
constant -2.3550%**
log(tf) 0.939(0***
WC € (0%, 20%) 0.1770
WC € (20%, 40% 0.2304*
WC € (40%, 60% 0.0158
WC € (60%, 80% -0.6205%**
WC € (80%, 100%] -1.908 1%
relative first occurrence 0.4800%**
first sentence 0.9386%**
full tech. term -0.5015
partial tech. term 1.4461%*
full compound tech. term 1.1373
partial compound tech. term 1.1806%*

Fitted Parameters for a Corpus-Independent Model
WC: web commonness bins, *: p < 0.05, **: p < 0.01, ***: p < 0.001
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Automatic Keyphrase Extraction

Phase1 Score candidate terms using our
keyphrase quality regression model

Phase 2 Eliminate redundancy by grouping
similar terms based on word overlap
plus entity and acronym resolution.

)

- “analysis”, “data analysis”, ...

- “Barack Obama”, “Obama’ ...




a0 A fighter jet rain check

A fighterjet rain check

Story and video by Chamlla Jayaweera

Have you ever thought about what it
takes to make sure that sea-based fighter
jets stay dry?

When it comes to the F/A-18 Super
Hornet, Boeing engineers in St. Louis use
a special process called the Water Check 3
Test to rule out areas where moisture .

could seep into the aircraft and its ‘ L . \
electronics suite. o W LE il'-ii'_ WaTY

Frogram experts douse the jet with
simulated rain at a 15-inch-per-hour rate

for about 20 minutes inside an enormous
hangar in St. Louis.

"Our ultimate customers are U.5. Nawy CHAMILA JAY AW EERA/BOETNG
fighter pilots, and we want to ensure their The Water Check team rolls in a large metal frame, which they
safety in flight and on the ground, and affectionately call their "spray tree," over a Super Hornet inside a 5t.

water-tight integrity of the aircraft also Lovis hangar.

helps increase their effectiveness," said Boeing’s Rich Baxter, F/A-18 Super Hornet final assembly
manager.

To find out moreabout how the process works and watch the action unfold, click above to see the video
story.
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a6 Video: Pilots push 787 Dreamliner to the limit

[g] [ - | B ] [3{ L+ ]E— http://www.boeing.com/Features/2010/ 10/bca_787_1: G] (jﬂ,' @_'\J
Pilots push 787 Dreamliner to the limit
By Bernard Chol
Captain Mike Carriker walks into his office in Everett, Wash for the first time in weeks and turns on his
laptop. He has a lot of catching up to do.
On the way to his desk, he walked by a sign that describes exactly why the 787 Chief Test Pilot had
been out of the office: ‘Gone Flying’
“It's tiring because we have to have very specific conditions. We need dry runways,
then wet runways. We want wind, then no wind and so on.”
)
In the past month, Capt. Carriker and a team of Boeing pilots have logged thousands of miles chasing
the perfect conditions as they continue to test the all-new 787 Dreamliner.
"It's tiring because we have to have very specific conditions. We need dry runways, then wet runways.
We want wind, then no wind and so on.”
Captain Carriker sat down to describe
some of the recent tests he and the team
hawe conducted.
Takeoff Performance:
"You start with regular takeoff like we
recommend the airline crews do all the
time and then what we do is we go |-

around and look at how much you can
vary from it. You rotate before the
predicted air speed. You rotate after the
air speed. You rotate too fast. You rotate
too slow. It's all to define there's a BTG, BHOTD
tolerance for error.”

To test the 787 Dreamliner's takeoff performance, pilots perform
multiple tekeaffs at varying speeds and conditions.

Velocity Minimum Unstick:

This test establishes the lowest speed the
airplane can leave the ground and
reguires putting the tail on the runway.
“You don't want to hold the tail on the
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Why Visualize Text?

Understanding - get the “gist” of a document
Grouping - cluster for overview or classitication

Compare - compare document collections, or
inspect evolution of collection over time

Correlate - compare patterns in text to those in
other data, e.g., correlate with social network
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1 Visualization
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3 [ext




Student Collaborators
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Interactive Visual Analysis
for Networks & Text

Jeffrey Heer http://vis.stanford.edu




