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Understanding the Dynamics of Knowledge

1. What is the hottest topic at time T0?
2. What are the hot topics between time Ta and Tb? (A 

Timeline - Temporal)
3 What are the major turning points between time T and3. What are the major turning points between time Ta and 

Tb? (Turning points - Structural)
4. How did knowledge associated with these turning points g g p

spread? (Diffusion - Spatial)
5.5. How can we differentiate various perspectives and How can we differentiate various perspectives and 

i b d l l f i t ? (Si b d l l f i t ? (Sviews based on a large volume of inputs? (Senseviews based on a large volume of inputs? (Sense--
Making Making -- Semantics)Semantics)
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A quick CiteSpace demo
Topic: Terrorism
Ti 1996 2003Time span: 1996-2003

1.1. What is the most active topic in the What is the most active topic in the Q1: Current hot Q1: Current hot 
topic?topic?

area of area of TERRORISM RESEARCHTERRORISM RESEARCH??
2.2. What was the previously What was the previously 

predominant topic?predominant topic?

topic?topic?

Q2: Previous Q2: Previous 
hot topic?hot topic? predominant topic?predominant topic?

3.3. What What EVENT/WORKEVENT/WORK led to the shift led to the shift 
of focus?of focus?

Q3: Turning Q3: Turning 
point?point?

4.4. What is such a transition path What is such a transition path 
made of?made of?

Q4: Transition Q4: Transition 
path?path?

before after
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before after



CiteSpaceCiteSpaceCiteSpace CiteSpace 
WebStartWebStart
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Q2: Previous Q2: Previous 
hot topic?hot topic?

Q3: Turning Q3: Turning 
point?point?

Q4: Transition Q4: Transition 
path?path?path?path?
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Q1: Current Q1: Current 
hot topic?hot topic?



Bird flu spread in ThailandBird flu spread in Thailand
Computer model map of new cases (red) and 

where the epidemic has finished (green) 
60-90 days after an uncontrolled outbreak 

6http://news.bbc.co.uk/1/hi/world/europe/4184496.stm



7Geospatial patterns of terrorist eventsGeospatial patterns of terrorist events



8Geospatial patterns of relevant researchGeospatial patterns of relevant research



The Impact of a Pivotal PointThe Impact of a Pivotal PointThe Impact of a Pivotal PointThe Impact of a Pivotal Point

Glea, S. et al. (2002)
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, ( )
How does the citations to this paper spread geographically?

http://cluster.cis.drexel.edu/~cchen/talks/inscit2006/GLEA_M.kml



2002 USA
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2003 USA
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2004 USA

12



2005 USA
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2006 USA
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Citers to Galea et al. (2002)Citers to Galea et al. (2002)

15



Differentiating Conflicting Views
1,738 positive reviews (=4, 5)
918 negative reviews (=1 2)918 negative reviews ( 1, 2)
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The Role of Rare TermsThe Role of Rare Terms

To differentiate conflicting opinions, it is necessary to 
identify unique perspectives represented by low frequency 
terms
• Term variationsTerm variations

• TermWatch
• Log likelihood testsg

• Decision Trees
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amazon.comamazon.com

TermWatchTermWatch

LT chunker
extract terms term variation term variation 

graphgraph

web servicesweb services

identify term variations
cluster terms

graphgraph

decision decision 
treestrees

customercustomer
reviewsreviews

Predictive Text AnalysisPredictive Text Analysis

POS tagging
term extraction
term selection

predictive models

Data CollectionData Collection Text AnalysisText Analysis Visual InspectionVisual Inspection

coordinated coordinated 
viewsviews
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Data CollectionData Collection Text AnalysisText Analysis Visual InspectionVisual Inspection



Term Variations head wordTerm Variations

Operations Term Term Variation

modifier

Syntactic 
(adding a modifier)

secret society ancient secret society

S t ti l l t l l t t i tSyntactic 
(adding a head word)

clever plot clever plot twist

Syntactic renowned Harvard professor famous Harvard professor
(changing a modifier)

Syntactic 
(changing a head word)

secret book secret agenda
(changing a head word)

Semantic 
(synonymous)

ingenious plot clever plot
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Term VariationsTerm Variations

Head substitution
age-old religious secret age-old religious mystery

E iExpansion
action thriller  perfect suspense action thriller
amusing speculation amusing speculation collectionamusing speculation  amusing speculation collection
roller coaster  electrifying roller coaster ride

Association
mind-binding puzzle  5-star entertainment
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Positive Reviews

Negative Reviews
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Drilling down the “really good book” clusterDrilling down the really good book  cluster
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When “good thriller writing” is used negativelyWhen good thriller writing  is used negatively
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Document Frequency vs. Log Likelihood
(p=0 5)(p 0.5)
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29,837 Features



The Power of Rare Terms 
green (< 0 001)green (< 0 001) blue (p=0 001)blue (p=0 001) red (=0 01)red (=0 01) pink(=0 5)pink(=0 5)green (< 0.001),green (< 0.001), blue (p=0.001),blue (p=0.001), red (=0.01),red (=0.01), pink(=0.5)pink(=0.5)
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Feature Selection: Doc Freq vs. Log Likelihood
Classification accuracy based on 10-fold cross-validation: 
C4 5 << NaiveBayes << SVMC4.5 << NaiveBayes << SVM
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The Da Vinci Code (Amazon Sales Rank: 7)

3,068 Customer 3,068 Customer 
ReviewsReviews
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The Tipping Point (Amazon Sales Rank: 12)The Tipping Point (Amazon Sales Rank: 12)

596 Customer 596 Customer 
ReviewsReviews
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Document Frequency vs. Log LikelihoodDocument Frequency vs. Log Likelihood
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686 Customer 686 Customer 
ReviewsReviews
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Video iPod Video iPod (accuracy 91.49%)(accuracy 91.49%)

Amazon.com Sales Rank: #12 in Electronics
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Emergent themes over time on terrorism (2001-2005) 
Support Vector Classifier

Biological Weapon
Health Care
A i ’ W

Support Vector Classifier

America’s War
Military Strategy
Many voice
Chemical Weapon

2004-20052004 2005

Emergency Preparedness
2002-2003

Emergency Preparedness
Concrete Structure

Case Studies
Biological Warfare
Risk Assessment

35

Survey Assessment
Global Justice



Biological WeaponBiological Weapon
Health Care
America’s War
Military Strategy
Many voicey
Chemical Weapon

Emergency Preparedness
Concrete Structure

Case Studies
Biological WarfareBiological Warfare
Risk Assessment

Survey Assessment
Global Justice
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Emergent themes over time on terrorism (2001-2005) 
A decision tree derived from 3,944 abstracts

2001 2002 2003 20042004 20052005

,

Old

2001 2002 2003 20042004 20052005

OldOldNewNewOldOld

NewNewNew

NewOldOldOld New OldOld NewNewNewNew
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SummarySummary
 Visual Analysis of Conflicting Views

• Feature selection and handling low-frequency but criticalFeature selection and handling low frequency but critical
features and interrelationship

• Term variation patterns
• Statistical tests of associations

• Facilitate sense making tasks
• What information is the most effective to understand different

opinions?
• How could emergent thematic patterns be visualized?

 Future Work
• Integration with more interactivityg y
• Comprehensive evaluations of alternative approaches
• Investigations of the applicability in a wider range of visual

analytic tasks
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