Interactive Visual Text
Analytics for Decision Making



Text is Everywhere

* We use documents as primary information
artifact in our lives

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

- WWW

— Digital libraries




Big Question

What can information visualization provide to
help users in understanding and gathering
information from text and document collections?



Outline

= Example tasks in text analytics

" Visually analyzing textual information
— Dynamic word cloud
— Topic-based visual text summarization
— TextFlow: towards better understanding of evolving

topics in text

= Future work



Text Analytics: Our
Understanding

How can I find information buried inside the piles of text?

Terracotta Army - Wikipedia, the free encyclopedia P
[2] Mount Li is also where the material to make the terracotta warriors originated. In addmn'

to the warriors, an entire man-made necropaolis for the .. E
en.wikipedia.org/wiki/Terracotta_Army - 56k - -

Museum of Qin Terra Cotta Warriors and Horses

The Terta Cotta Warriors and Horses are the most significant archeological excavations of
the 20th century. It is a sight not to be missed by any visitor to ...

www travelchinaguide com/attraction/shaanxi/xianfterra_cotta_army/ - 17k -

Terra Cotta Pit 1
Museum of Qin Terra Cotta Warriors and Horses : Pit 1 ... There are more than BUUU
terracotta warriors and horses in Pit No. 1. marshaled mto battle line ..

www travelchinaguide_com/cityguides/xian/terracotta.htm - 14k - -

Terracotta Warriors : The Museum i
Terracotta Warriors Museum, Dorchester, brings together all the wonder of the discovery u:uf
the many treasures of the first Emperor of China. !
www terracottawarriors co uk/ - 14k - -

Terracotta Warriors- A Fantastic Tourist Aftraction in China ...

Terracotta Warriors Tours: Private tours to Terracotta Warriors, and other Xi'an ... 1 which
contains 6000 life-size terracotta warriors and horses. ...
www_chinavista.com/travel/terracotta/warrior(1_html - 6k -

Terracotta Warriors- A Fantastic Tourist Attraction in China ..

Terracotta Warriors Tours: Private tours to Terracotta Warriors, . Let us go to Xi'an o
have a look at the Museum of Qin Terracotta Warriors. ... k
www_chinavista com/travel/terracotta/main_html - 6k -

gl o e vy [T S

Tedb a6 arg g pha' o e an'g” QRSP

Information finding




Text Analytics: Our
Understanding

What is in my text?

What’s inside the What are the major What did my
NHTSA Data: causes of injuries customers say about
my hotels
450,000+ 70,000+ patient
documents emergency room records | 3000+ customer-
posted reviews

Information Understanding: Text Summarization




Text Analytics: Our

Understanding

What is in my text?

Which hotel features do
my customers
like/dislike

3000+ customer reviews

How customers’
sentiment have
changed toward my
hotels

3000+ customer-
posted reviews

How do customers
feel about my new
product launch

thousands of e-
opinion postings

Insight Discovery: Sentiment Analysis




Text Analytics: Our Understanding

What is in my text?

What are the What are the Compare the
correlations of correlations of customers’

tire problems and | patient gender and | attitude toward
highway death in | the cause of injury |our product with

the NHTSA Data: theirs for our
70,000+ patient competitors
450,000+ emergency room
documents records thousands of e-

opinion postings

Decision Making and Problem
Solving: Text Analysis++




Major Challenges

Huge amounts of complex information

Understanding the meanings of free text is just hard

Performing analysis on top of that is harder

Different people want different things

No one-size-fits-all solutions

People may not know what they want

“Tell me something [ don’t know”
“I will tell you when I see it”

Machines are *not* just smart enough.



Outline

Visually analyzing textual information

Dynamic word cloud
TIARA: topic-based visual text summarization

TextFlow: towards better understanding of evolving
topics in text
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Selected Projects

Dynamic word cloud

[llustrate content evolution trend

= TIARA

— Topic-based visual text summarization
and analysis

* TextFlow

— Towards better understanding of
evolving topics in text :
g p ument/temporal"——'bmem/d‘/\/
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Cui et al. IEEE CG&A 2011

Dynamic Word Cloud

Word clouds for content overview

Aesthetic issues

Inadequate for temporal patterns

Standard time chart: trend

Inadequate for correlations

12



Our Solution

= A evolution trend chart + word clouds

— Measure the evolution

— Ensure the semantic coherence between clouds
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Evolution Measurement

Conditional entropy: measure the amount of
information contained by Xi but not by X;

w/2 w /2

S(Xi)= Y HH(Xi|Xig)= Y — H(X:: Xivy)
j:—u!/) j=—w/2
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Word Cloud Layout

Geometry meshes to ensure the semantic coherence

Semantically related words stay together

The same word in different clouds stay at the similar place

\ (a)/
Word Extraction

.

(b)

Initial Placement

b

(c)

Word Filtering

",

~

/\ﬂ// \ |

/N

i (d))

Force Setup

\ (e)
Layout Adjustment

15



Example: CG&A Abstracts
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Comparison with Wordle
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Selected Projects

* Dynamic word cloud

— [llustrate content evolution trend

Tmapma A

Topic-based visual text summarization ==
and analysis

* TextFlow

— Towards better understanding of
evolving topics in text
g p ument/temporal"——"mnem/d‘/\/
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Y axis encodes topic
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Demo

Interactive, Time-based
Visual Email Summarization

Shixia Liu, Michelle X Zhou, Shimei Pan,
Weihong Qian, Weijia Cai, Xiaoxiao Lian

IBM Research
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Key Challenges

Summarize text corpora

Huge amounts of complex information

Time-varying

Visually explain summarization results

Consistent visualization

Provide feedback or articulate their needs

Imperfect summarization results or varied user needs

21



TIARA Overview

Text Preprocessing
l l Text content + meta data

Text Summarization
Summarization results l T
Data Transformation

l T Transformed results

Visualization i

A

User
Interaction

22



TIARA Technical Focus

Text Preprocessing
l l Text content + meta data

Text Summarization
Summarization results l T

Data Transformation

l T Transformed results (
Visualization . zk - =
i A}‘(\ lbﬁ ‘:Z:}'&:?:‘.I [ ,T
: < é‘{' f‘ sl '
""" : User w’
""" Interaction

23



Text Summarization

kth document in
the collection

A set of keywords

Latent Dirichlet {...,P(T.| DY) ¥

Allocation (LDA) [ A set of topic i Jo

model [Bleietal. 03]~ _Proaiies
High portability l I A set ol CCEER

High compaction rate for
scalability

A finer grained model Wy, s W, Wiyl

l A set of word probabilities

{ons POW, [ T, 003
24



LDA Data Transformation

kth document in
the collection

— {..., P(T;| D)

=\ “" [Aset of top|c

_4 -P'@ﬁfx\ A set of topics probabllltles
—

l A set of keywords
[ Rank the topics to present

most interesting ones first

W)

l A set of word probabilities

Select keyword sub-sets for
time-based summary
{.... PW,|Ty), ...}

AT TR (R j 8




[Song et al. CIKM 09]

Topic Ranking by User Interests

Domain-dependent
activeness metric

Rank topics by “strength”
rank(T,) = f(u(T), o) o) )

’ ) topic topic
N.6.« coverage et e i
() = Lyl R S)
N o(Ty) =
e Zm =
Rank topics by “distinctiveness”
L doc-topic
Ve ~graph Laplacian istributi
I’ank(T ) _ I(T ) _ K® grap P distribution
. DV, e I £
graph degree | f~or S la (el’k’ez’k’m’HM’k)
matrix V. is normalized V|
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Experiments
Goal

Measure which metric produces more “important” topics

Data sets

Email

8326 email messages
News

34,690 documents
Method

Users indicate the importance of top-K ranked topics
Very important, somewhat important, Unimportant

27



Results

= Email data (by F1 measure)

Retrieved Top 5 Top 10
Strength 0.800 £ 0.000 0.620 £ 0.028
Distinctiveness| 1.000 = 0.000 | 0.780 = 0.028
M.I. 0.760 £ 0.106 0.740 £+ 0.035
L= 0.440 4 0.057 0.480 £+ 0.028
* News data (by F1 measure)
Retrieved Top 5 Top 10
S 0.640 + 0.057 0.68 + 0.028
Distinctiveness 0.760 * 0.057 0.76 £ 0.035
M.I. 0.760 £ 0.057 0.74 + 0.035
s 0.720 + 0.069 0.70 + 0.045

28



TIARA Technical Focus

Text Preprocessing
l l Text content + meta data

Text Summarization
Summarization results l T
Data Transformation

l T Transformed results

A

= User
- | Interaction

29



Visualizing Text: Existing Work

Visualize text at a
high level

Visualize text at a
low level

Few on explaining
advanced text
analysis results

Cliver Morth's
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Visual Text Summary Metaphor

Data to be visualized:

1. Topics: {T,, ...T,,... Ty} and their probabilities

2. For each T, ,Topic keywords by time: ... {...,.w',, ..., }, ...
and their probabilities over time

3. For each T, , Topic strength: {..., S(t), ...} over time

Visual encoding: Augmented stacked graph
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Enhanced Stacked Graph: Key Steps

Computing geometry of layers
Layer coloring
Layer ordering

Layer labeling
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Enhanced Stacked Graph: Key Steps

* Computing geometry of layers

= Layer coloring

= Layer ordering

= Layer labeling
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Layer Ordering

Goals

Minimize distortion
Maximize usable space

Ensure semantic coherence

1

unordered

.

ordered
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Layer Ordering - Comparison
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Layer Ordering

- Comparison
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Layer Ordering - Comparison
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Enhanced Stacked Graph: Layer
Labeling

Goals
Temporal proximity
Informativeness
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Enhanced Stacked Graph: Layer
Labeling (cont’d)

* Our approach [Liu et al. CIKM09]

— Constraint-based space allocation
— Particle-based layout [Luboschik et al. 08] + wordle
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Enhanced Stacked Graph: Layer Labeling (cont’d)
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Interacting with Visual Summary

“people” involved and their
relationships
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Application Example: Healthcare

Visualize text to facilitate analysis
Cause of injury
Reason for visit

Diagnosis
Multiple fields of text data and their correlation

Leverage structured data to help better
illustrate text information

Gender + Cause of injury

42



Numbet of Documents

800

T00

800

500

400

300

200

100

q T, ankle ke

Correlation between Structured
and Text Fields

Legend h—
Laceration Knife Cut
Muscle Myositis Ligament
Ankle Basketball Twisted
.F.‘,m’,ls,—
.,‘vfale
Fracture Accident Bike [
Bite Insect Animal

Drug Depression Abuse
3

Burn Blisters Toxic vork GO kn'fe cut
Accdent Drivar Vehide struck I.It[vl :1:4‘{ glass
1oulder U ¢ tting
B Hate [ Female lng felt mva heavy metal

Edit pain

basketba [ | tv.nsted

knee
ankle hbasketball
Y twisted curb

O\' Inning hurt

king twisted funning
urt hole ankle ~——step tripped
tv'nsted pOICh
SOCCOT — iensing 2l ® “M°C " ankle
m\' :ufracture votball accident G
ured ankie ho rw‘r'.';lf.!r?;:! 2 mprlm“ fI’aCtU e
pencil bike landed

— T
0p|0|d heroin =
marijuana

cocaine dependence

20020201 2002:05:01 20020801 20021101

ICe be

L003:02

etoh

o

: 3;_: door struck
laceration ,indaw
glass cut kmfe ALl

1HI 18T it

home [

e

"r-x"
0ain movmgt ol fel
Ilﬂmg hlp . ag0

o, Ut
eavy 20tz o knife
13y knee ankle

RS oy runn
ot hole rolled fi
basketbal twisfed ankle

v missed
step
fell fracture tipp fall

pl VINGQ SOCCer bike {r ; I." J

bitten blte cture

‘:,I|_l|_l l_;

fish

abuse chemical

burn

20030501 2003 0801 200531101

43



Number of Documents

700

600

500

400

i
SUy

10

2U

100

Correlation between Text Fields

clliH®
| Legend - B
| Laceration Knife Cut opn
Muscle Myositis Ligament |UF:nba 0 Wound IOW
Ankle Basketball Tvisted g defined
Fracture Accident Bike ‘ Straln ankle ill closed
AT n adjustment :
Bite Insect Animal ‘ Ca[‘pa| ulna radius J humerus ankle il soft
Drug Depression Abuse | end ~ rnump| bite X low
e insect bit fitt
Burn Blisters Toxic | i e I Ing
. o | neurotic ulna ankle
Accident Driver Vehicle d ' hol ar a| bone
Vertigo Dermatitis Diabetes 3 ps_yChoses rug re|at aicono ¢ p
Woi=anosis poisoning abuse " depression gpuse
.R;i::;r-q-it alcohol < | toxg:r t alcohol drug relat
| | epidermal Venom blisters psychoses_
@ | Il Disgnosis [l Resson for Visit ‘ae routine infant spasms neurotic
di Edt Vicalgia motor health vehice degree giﬁfrtemmes
o S esrges evaluation cervical neck  evaluation gypenyision Observation ol
digestive type mOtOl' vehicle Eibetes type condit motor
pregnancy observation SPeC : vehicle heck
accident hypertension ¢ R,
dermatitis

contact diabetes dermatitis

due effect mellitus
acute ggsential adverse

rash . .
breath diZZINeSS throat
medication Vertlgo weakness
shoriness gpnormalities 2/1€r9Y

2002-03-01

2002-05-01

chronic heat complication

dermatitis essential contact
mellitus

rash dizziness fever

allergy vertigo weaknes
breath gansation shortness

medication

2002-07-01

diabetes urticaria mellitus
contact personal due acute
effectadverse

skin vertigo weakness
dizziness fever rash
shortness allergy diseases

breath

2002-09-01

2002-11-01

™)

low
sprain
distal

psychological
sympt drug relat
prob

spasms crampiﬂj

type funNctions motor

acute infection
contact effect adverse

complication
diabetes due mellitus
dermatitis

irritations
weakness rash allergy
itching vertigo skin
fever diseases
dizziness

2003-01-01

Correlation between two fields,
diagnosis and reason for visit 44



Selected Projects

* Dynamic word cloud

— [llustrate content evolution trend

= TIARA

— Topic-based visual text summarization
and analysis | ==

TextFlow

Towards better understanding of
evolving topics in text
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Problems

Understanding topic evolution in large
text collections is important

Keep abreast of hot, new, and intertwining topics

Gain insight into the latent topics
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Applications

Scholars

Find related works in a publication set

Business professional

Examine a large collection of emails and instant
messages

Politicians

Examine online posts to identify the key public opinion
and concern
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Example

Topic splitting

Topic strength
evolving over time

ocC #

Topic merging



Example

Two keywords co-occurring
in the topic for a time span

Keyword splitting
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Application Example:
933 VisWeek Pulications
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Application Example:
933 VisWeek Pulications

"structure/layout"

NalyHe
Arantic )\f\/\/\—\/_
| (v
b
d
"exploration/analytics" "document/temporal"=———————

Documen t
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Challenges

Model
Topic merging/splitting patterns

Visually convey

Topic merging/splitting patterns in an intuitive way

Facilitate

Analytical reasoning
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Related Work

Most of the existing work

Studying the evolution of individual topics
Little work
Studying topic merging and splitting patterns

Barely been touched

Using visual analytics techniques to interactively analyze
complex topic evolution
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Our Solution

Leverage hierarchical Dirichlet processes
To model topic merging/splitting

Augment familiar visual metaphors (rivers)

To convey the complex analytic results

Support interactions at different levels

Smooth communication between visualization and the topic
mining model
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Document
Pre-processor

Text Documents

TextFlow Overview

Topic Miner

—

Topic
Extraction

Critical Event
Extraction

Keyword Relation
Discove

Topic Flow Glyphs
~ Topic Visualizer
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Topic Data and
Relationship Extraction

Incremental Hierarchical Dirichlet Processes

Online learning of the topics in text
Automatically detect the topic numbers

Extract the merging/splitting relationships

Based on document topic change
Online compute the merging/splitting probabilities
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Merging Relationship

Time t
o e
® o0
s i

I

Time t+1

Predict
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Critical Event Extraction

Types of critical events
Birth, death, merge, and split

Scoring the merging/splitting event
Number of the branches

Entropy of the branching probabilities
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Keyword Correlation Discovery

Extract

noun phrases, verb phrases, and named entities in each
document

Count

Co-occurrences among them

Be used to illustrate “why”
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Topic Evolution as Flow

Alternative

Doc #

Our design

\Topic splitting

Topic strength
evolving over time

IDoc #

kTopic merging

————) 61



Critical Event as Glyph

Emerge, dissolve, split, and merge
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Keyword Correlation as Thread

Alternatives
challenge
paterm = exploration
anlgifl’ﬁgge'arge e fyrria:c
feature task
human
(a)

dynamic

graph
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Keyword Correlation as Thread
Intertwine to indicate co-occurrences

Two keywords co-occurring
in the topic for a time span

|

Keyword splitting
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Top

Visualization Design - Consistency

Critical event

Keyword
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Layout Algorithm

* Three-level directed acyclic graph (DAG)




Interactive Exploration

Overview first, zoom and filter, ...
(topic = critical event = keyword)

place

threads
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Application Example: Bing News
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Application Example: Bing News

House Republicans attack regulations; Dems defend
Egypt Protests Continue Despite Nationwide Curfew
Gunfire pounds anti-Mubarak protest camp in Cairo
Egypt's turmoil brought home for UMass Dartmouth professor
Egypt's Mubara_ksm't run for new term
Obama tells Mubarak: Take ‘concrete steps'.
WikiLeaks: Mubarak lets Egyptians suffer to avoid 'chaos'
Dangers seen in the debit-limit debate JAnti-Mubarak activists call for another mass rally

I BEE BN =N
Feb 03 Feb 05 Feb 07

A Redefined "American Exceptionalism" in the A
Obama says Egypt won't be the same country
Top US military officer urges caution on Egypt
Obama says Egypt won't be the same country
Gingrich: WH should be wary of MuslimBrotm
Miderotests cause a shift in U.S. policy
Obama tells Mubarak to begin transition nm-lslam is a religious-political ideology. It's implementation
SRS = g LN ST

—

Feb 10

Feb 01 Feb 02 Feb 03 Feb 04 Feb 05 Feb 06 Feb 07 Feb 08 Feb 09
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Application Example: Bing News
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Outline

= Example tasks in text analytics

= Visually analyzing textual information
— Dynamic word clouds
— Topic-based visual text summarization
— TextFlow: towards better understanding of evolving

topics in text

* Future work
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Future Text Visualization Topics

Interactive, incremental text analytics

Multi-level visual text summarization (keywords
+ sentences)

Multi-faceted text analytics (e.g., summarization +
sentimental analysis)

Multimedia document summarization (text +
image + video)

Interactive, visual social media analysis
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