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Overview
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_J Motivation

gain understanding of large amounts of complex information

_J Traditional ways: knowledge discovery and information visualisation

_J Visual analytics: what it is and why it is useful

_J Topical-temporal analysis of text corpora

Algorithms
Topical analysis: information landscape visualisation
Temporal visualisation: StreamView

Multiple component analytical user interface
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_J We are confronted with:

= Massive amounts of information

= Complex (multi-dimensional) knowledge objects

= Change and the temporal dimension

= Unstructured (i.e. text) and semi-structured data repositories
_J How to utilise all this information?

= Navigate, explore, analyse, understand

= Unveil important facts and knowledge hidden within the data

© Know-Center 2012



Motivation I
Analysis of Text Corpora —  Center

www.know-center.at

_J Text remains an essential data type in many domains
= Complex: unstructured, vague and ambiguous (synonyms, homonymes...)
= Abstract concepts and relationships, interpretation by humans
= Non-visual: no “natural” visual representation for text corpora

_J Apply visual analytics on dynamic text corpora to detect

= Dominant topics and their relationships
= Major trends and events

= Role of entities/metadata, such as locations, temporal references,
persons or other objects of interest (such as historical buildings)

= Correlations between trends, topics, and entities
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_J Knowledge Discovery Process [Fayyad, 1996]

= Mainly an automatic approach consisting of a chain of processing steps

= Goal: discovery of new, relevant, previously unknown patterns and
relationships in data -

© Know-Center 2012



Knowledge Discovery —
KNOW
Limitations of Automatic Analysis — " center
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_J Machines are very powerful
= Automatic processing methods for huge data sets
= Exponential growth of computer-performance since 60 years

= Moor’s Law: continues until 2020, 2030... ?

= Distributed computing: Grid, Cloud, ...

_J Nevertheless, machines still behind humans in
= |dentification of complex patterns and relationships
= Wide knowledge and experience

= Abstract thinking

6
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Visualisation —
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_J Human visual apparatus is an extremely efficient ,,processing
machine”

= Enormous amounts of information are transferred by the visual
nerve into the brain cortex

= Visual cortex is unbeatable in recognition of complex patterns

= Pre-attentive processing: no need to focus our attention

= Processing time < 200 - 250ms, independently of the noise amount

_J Visualisation definition

= Use of human visual system, supported by computer graphics, to
analyse and interpret large amounts of data

= Graphical representation of data, information and knowledge

7

© Know-Center 2012



Visualisation .
KNOW

Data — Information - Knowledge — " Center
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Representat

Machine processing capability

) What do we need?
= Data/Scientific Visualisation
m Information Visualisation

=  Knowledge Visualisation
8

© Know-Center 2012



Visualization —
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_J Data: formal representation of raw, basic facts

= Defined format (numbers, dates, strings) and meaning (no
interpretation required)

= 3162 hotel room number (not a telephone number)
_J Information: result of processing and interpretation of data
= May not have a fixed format (unstructured or semi-structured)
= Meaning determined by interpretation within some context
=  “The mouse is small and light” —a computer or a field mouse?
_J Knowledge: identified, organized and as valid recognized information
= Representation of reality through abstract, domain-dependent models

=  Complex formal conceptual systems, such as Ontologies
9
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Visualization | | | o
Fundamental categories of visual representation — center
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_J Formalisms: abstract schematic representations
= Defined by a designer, users must learn how to read and interpret
= Example: Percentage is represented by an arc

_J Metaphors: based on a real-world equivalent
= |ntuitive, user understands the meaning through building analogies

= Example: geographic map metaphor represents similarity in non-spatial
data

_J Models: based on mental representations of real physical world

= Data typically has a natural representation in the real world

= Examples: Virtual 3D worlds, visualization of sensory data in 3D

10
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Knowledge Visualization
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_J Knowledge Visualization is about using visual representations to
express and transfer existing knowledge between people [Eppler]

o Use of metaphors and formalisms is common (static and interactive forms)

5. Innovate! %

(@) Reframe (@) Surprise (@) Intrigue
4. Avoid pitfalls
(@) Overload (@) Manipulation @) Ambiguity
@) Cliché

(@) Oversimplification (@) Misuse

3. Respect design principles
Alignment (@)@ Repetition AContrast &) Proximity
(@) Consistency

2. Use graphic elements meaningfully

Size A Shepe ® Color 4 ang,
®) Texture

1. Choose an adequate picture type

© lcon m Image Visual

Diagram ¥
Metaphor

3
|

Position (@)

Stairs of Visualisation [Eppler]

(lets focus KV software) 1
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Scientific/Data Visualization .
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_J Visualization of raw data (simulation or sensory data)
= (usually) have a natural representation in the real, physical world

_JApplications in physics, medicine, astronomy, industry, ...

Pressure coefficients [NASA]
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Information Visualization .
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_J Interactive visualization of abstract information

II)

= No “natural” representation: use metaphors and formalisms
_J Goal: identifying patterns and relationships
= Explorative analysis

= |InfoVis Mantra: , overview first - zoom and filter - details on demand”
[B. Shneiderman]

_J IV applicable on:

= Content: Text and Multi-Media

Multidimensional data sets

Structures: Hierarchies, Networks and Graphs

Temporal Information

Geo-spatial Information
13
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Information Visualization KENOW
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Concept Networks [Kienreich]
(Know-Center)
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New Insights and Knowledge

Data Algorithms Visualization

_J Combines automatic methods with interactive information(/data)
visualisation to get the best of both worlds [Keim 2008, Thomas 2005]

_J Goal: support analytical reasoning and deriving of new knowledge
from data

= |ntegrates humans in the analytical process

= Provides means for explorative analysis 15
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_J Main ldea (Mantra): “analyse first — show the important — zoom,
filter and analyse further — details on demand” [Keim 2008]

= |nitial analysis and visual pattern recognition
= Posing a hypothesis
= Further analysis steps (automatic and interactive)

= Confirmation or rejection of the hypothesis: new facts

= Confirm the expected, discover the unexpected

_J Challenges [Keim 2009]

= Balance between automatic and interactive analysis

= Design of effective VA workflows

= Data quality

= Scalability 16
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Text Analysis Pipeline

Natural
Language
Processing,

Indexing,
Associative
Indexing,
Persistence

Data Mining,
Pattern
Recognition
and Learning

Crawling,
Importing,

Content

Visualization,
Interaction
and
Interpretation

Models

_J Resembles the Knowledge Discovery process closely

_J Includes visual and automatic methods

_J Convert text information into a visual representation to identify

=  Dominant topics and their relationships

= Major trends and events

= Role of entities/metadata, such as locations, persons, organisations...

=  Correlations between trends, topics, and entities

Klieber, W., Sabol, V., Muhr, M., Kern, R., Ottl, G., Granitzer, M. (2009) Knowledge Discovery Using the KnowMiner Framework, IADIS International

Conference Information Systems

‘KNOW

- Center

www.know-center.at

===

User
Community
Organization

—
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Pattern Recognition in Text Data N OW
Projection Algorithms — Center
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_J Text is described by a very large amount of features
_J How to visualize large, high-dimensional data sets?

_J Projection into a ,smaller” (2D) visualization space which can be
understood by users

= Navigation and explorative analysis in the projection space
_J Dimensionality reduction (ordination) techniques

= Projection of the high-dimensional space into a lower dimensional one
= Preservation of distances/similarities

= Usability and aesthetics play an important role

18
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Projection Algorithm
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Feature Vectors

Data (Text)

Ehas,_d'aq-'-

" . |nte|:‘tq;§(ks

g €

_ Topical Clusters (size 20181) |
[ | Cluster 1 {size 2174): income; loss; expenses;
= | Cluster 2 (size 271a): intel; stocks; nasdag;
-- | Cluster 2,1 (size 124): gateway; seagate; warnings;
| Cluster 2.2 (size 877): index; points; stocks;
Cluster 2,3 (size 564): intel; pentium; digital;
| Cluster 2,3.1 (size 70): quarter; revenues; intel;
| Cluster 2,3.2 (size 34): ratio; prices; dram;
) Cluster 2.3.3 (size 39): amd; atmel; guidelines;
- | Cluster 2,3.4 (size 61): cyrix; flaw; national;
i || Cluster 2.3.4.1 (size 5): prosignia; problem; flaw;
| Cluster 2.3.4.2 (size 4): flaw; land; reports;
| Cluster 2,3.4.3 (size 4): shipments; revenues; orders;
| Cluster 2,3.4.4 (size 5): quarter; loss; cyrix;
) Cluster 2,3.4.5 (size 6): flaw; defect; waldrop;
# UsSA: Intel says flaw in Pentium II, but no recall needed

Hiera}‘chy: “virtual table of contents”

Clustering

Layouting

Hierarchical geometry: spatial 19

proximity conveys relatedness

© Know-Center 2012
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_J Input: term vectors, base area (rectangle)
_J Output: hierarchy of nested areas, 2D document positions

_J Recursive Algorithm

= Aggregation: k-means clustering, labelling using highest weight
features

= Similarity layout: force-directed placement, inscribing into area
= Area subdivision: Voronoi diagrams

=  For each cluster: cluster size > threshold?

= Yes: apply algorithm on cluster
= No: layout documents

Andrews, K., Kienreich, W., Sabol, V., Becker, J., Kappe, F., Droschl, G., Granitzer, M., Auer, P., Tochtermann, K., The InfoSky Visual Explorer:
Exploiting Hierarchical Structure and Document Similarities, Palgrave Journals: Information Visulization, 2002.

Sabol, V., Syed, K.A.A., Scharl, A., Muhr, M., Hubmann-Haidvogel, A., Incremental Computation of Information Landscapes for Dynamic Web 20
Interfaces, Proceedings of the 10th Brazilian Symposium on Human Factors in Computer Systems, 2010.

Muhr, M., Sabol. V., Granitzer, M., Scalable Recursive Top-Down Hierarchical Clustering Approach with implicit Model Selection for Textual Data
Sets, IEEE 7th International Workshop on Text-based Information Retrieval in Proceedings of DEXA’10 2010.

© Know-Center 2012



Projection Algorithm KNOW
Properties — center

www.know-center.at

_J Scalability seconds

140

= Time and space complexity:
O(n*log(n))

_J Hierarchical geometry /

80

120

= Navigation and exploration
60

_J Incremental

40
= |ncorporate data changes into an N /
existing layout /
0 T T T T T
_J Parameterisable 0 20000 40000 60000 80000 100000 Documents

= Adaptable to different data types

= Can be tuned to produces layouts suitable for visualisation 21
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Information Landscape NOW
Relatedness (Topical Similarity) — Center
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_J Proximity expresses
relatedness

_J Hills represent groups of
similar data elements

= Height indicates size

= Compactness indicates
topical cohesion

_J Labels capture essence of
undelaying data

= QOrientation and navigation

400.000 documents (from RCV1)

© Know-Center 2012



Topical Clusters (size 4002)]

| Cluster 1 (zize 565): israel; netanyahu; arafat;

| Cluster 2 (size 514): iran; tehran; pakistan;

| Cluster 3 (size 262): turkey; libya; erbakan;

| Cluster 4 (size 342): russia; dinton; nato;

) Cluster 5 (size 521): fujimori; peru; mria;

) Cluster & (size 359): france; paris; egypt;

Cluster 7 (size 286): ira; ireland; bangladesh;
Cluster & (size 285): colombia; africa; south;
Cluster 9 (size 430): eta; spain; blanco; |

. Cluster 9.1 (size 55): coundl; agenda; proposal;
) Cluster 2.2 (size 27): tapie; jail; marseillz;

| Cluster 9.3 (size 93): eta; blanco; maskhadov;

| Cluster 9.4 (size 43): burma; asean; tin;

| Cluster 9.5 (size 14): argentina; garzon; agar;

| Cluster 9.6 (size 15): oic; alatas; dagamsa;

) Cluster 9.7 (size 89): gonzalez; portugal; tajikistan;
, Cluster 9.8 (size 21): xinjiang; uighur; china;

| Cluster 2.9 (size 16): rabin; eskin; curse;

| Cluster 9.10 (size 77): moveigh; oklahoma; train;
| Cluster 10 (size 438): khmer; rouge; pol;

-

Hierarchical Information Landscape
Navigation and Orientation

e e e B e B e

_J Conveys relatedness and hierarchy

_J Level of detail-sensitive navigation and orientation

=  Animated transitions: auto-focus on the chosen cluster

-

Granitzer, M., Kienreich, W., Sabol, V., Andrews, K., Klieber, W., Evaluating a System for Interactive Exploration of Large, Hierarchically Structured

. . . ) . . . . . © Know-Center 2012
Document Repositories, InfoVis ‘04, the tenth annual IEEE Symposium on Information Visualization, 2004.



Information Landscape oW
Faceted Metadata — Ccenter
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_J Correlations between topics and entities/metadata

cargo, wto, tariff olivetti, lire, itali

. Extracted Entities |
+-{__ Cluster 1: location |

+ , Cluster 2: organization ‘ china, stg, india
=I- |J Cluster 3: person , : H
"' . Cluster 3.1: 3 australia, australian, store ."-"-!'.::' o %
#- | Cluster 3.2:b P : advertis, internet, onlin

— , Cluster 3.3: ¢

LB ;) Cluster 3.3.1 (size 3): calvin klein
, Cluster 3.3.2 (size 5): carl icahn ; _ . :

| Cluster 3.3.3 (size 3): carl thoma _ _ i.;méom, S\Hq'ex?k‘ébs" :
| Cluster 3.3.4 (zize 37): carlo de benedetti ] e

| Cluster 3.3.5 (zize 3): carlos menem

~[F]-[F]--[F] [ -

_J Facetted metadata clusters

= Colour-coded

24
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Information Landscape ‘KNOW

- Center

Numerical Information A Know-centor af

xinhua, airpart, pertamina

_J Items: map onto transparency, . -
I . bank, yuan, rates tonnes, rice, ojl
co Our’ Slze taiwan, ukraine, lien 5
" .
_J Map: topography, heat map *

_J Applicable to uncertainty

treaty, india, points
= Height and colour encode

certainty (information quality) apec, philippines, prop

imperial, yen, corp

mph, storm, winds

25
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T o O T [
120996 051009 29,109 21,1196 14129 070197 200197 220297 12.02.97 1004497 040597 270597 19.0E.97 12,0797 050297

B tsiwan, chinese, chang (3/29) B jzpan, tokyo, bay (47/106) B reactors, powier, plants (18/64) exon, alaska, valdez (5/40)

B veneruels, channel, maracsibo (2/80) B iraq, singapore, fire (6/54) B cents, brent, prices (107127} pipeline, colombia, ecopetrol {4/85)
shell, nigeria, pemex (2/58) paim, berth, ringgit (4/51) russiz (30/57) mitsubishi (3/27)

Total: 137 f 780

_J Detect

= Trends and changes in topical and faceted metadata clusters

= Temporal correlations between clusters .

© Know-Center 2012



Dynamic Information Landscape KNOW

Incremental Integration of Changes — Center
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_J Change in the layout corresponds to change in the data

= User retains recognition and orientation through unchanged parts of the
topography

Sabol, V., Scharl, A. (2008) Visualizing Temporal-Semantic Relations in Dynamic Information Landscapes, GeoVisualization of Dynamics, Movement 27
and Change Workshop at the AGILE 2008 Conference, Spain.

Sabol, V., Kienreich, W. (2009) Visualizing Temporal Changes in Information Landscapes, EuroVis 2009. © Know-Center 2012



Visual Scatter/Gather ‘KNOW
Drill Down cemer
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_J Identify and select relevant parts of the data set

_J Retrigger analysis to focus on the chosen subset 28
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Multiple Coordinated Views

‘KNOW

Multiple Data Aspects — " Center
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_J Multiple visualizations “fused” into a single, coherent user interface

_J Each visualization is designed to presents a different data aspect

Relatedness, time information, hierarchical structure ...

_J MCVs enable simultaneous analysis over multiple data aspects

_J Coordination: interactions in one component influence all others

Colours and transparency
Icons
Size
Selection
Navigation
Visibility
29
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Topical-Temporal-Metadata Analysis
Multiple Coordinated View Interface

57| AT E|E [ | octon: - Topical Clusters

Topical Clusters (size 6300)

Cluster 1 (size 576): mir; station; crew;
- | Cluster 2 (size 829): shuttle; satelite; launch;
J Cluster 2.1 (size 65): china; long; march;
| Cluster 2.2 (size 52): australia; russia; plutonium;
. Cluster 2.3 (size 141): arianespace; ariane; rocket;
Cluster 2.4 (size 42): india; loral; services;
=k | Cluster 2.5 (size 201): shuttle; columbia; landing;
. Cluster 2,51 (size 30): shield; wake; landing;
- |y Cluster 2.5.2 (size 36): discovery; landing; fog;
- | Cluster 2.5.3 (size 27): fuel; cell; power;
- |, Cluster 2.5.4 (size 9): challenger; debris; wredkage;

- |, Cluster 2.5.5 (size 22): april; halsell; laboratory;

- |, Cluster 2.5.6 (size 34): hatch; walk; handle;

« | Cluster 2.5.7 (size 43): launch; atlantis; hurricane;
Cluster 2.6 (size 25): fossett; alcatel; balloon;

. Cluster 2.7 (size 147): mars; probe; pathfinder;

, Cluster 2.8 (size 107): telescope; hubble; spacewalk;

| Extracted Entities

: Cluster 1: location
Cluster 2: organization
Cluster 3: person

) Cluster 3.1:a

J Cluster 3.2: b

) Cluster 3.3: ¢

) Cluster 3.4:d

| Cluster 3.5:e

J Cluster 3.6: f

Cluster 3.7: @

| Cluster 3.8:h

| Cluster 3.9: 1

| Cluster 3,10 j
J Cluster 3.10.1 (size 7): jacky lau
., Cluster 3.10.2 (size 60): jacques chirac
, Cluster 3.10.3 (size 3): jacques delors
J Cluster 3,10.4 (size 35): jacques santer
| Cluster 3,105 (size 4): jaime ortega

»

Cm

Info-_andscape | Document Content

mir, station, crew

shuttle, satellite, launch

hoeing

el

council, russia, yeltsin <

advertising, internet

.7

cargo, kong, hong

oil, singapore, traders

=

county,-bonds, tax

Y3

= 9|0

Stream View | child Table

[
07,09.96

(BN [N
25,0996

W mir, station, crew (576/576)

14,10.96

W ol singapore, traders (830/830)

01.11.36

[ I
20,119 081296 27129 140197
W shuttle, satelite, lzunch (823/829)

W council, russia, yeltsin (1444/1444)

02,02.97

[ A A A A
20,0297 110397 29.03.97  17.04.97
W cargo, kong, hong (1058/1058)
M county, bonds, tax (1200/1200)

LIy A A A A
05,0597 230597 110697 290897 180797 050397

bosing, advertising, internet (963/963)

Total: 6300 / €300

Sabol, V., Granitzer, M., Kienreich, W. (2007) Fused Exploration of Temporal Developments and Topical Relationships in Heterogeneous Data Sets,

in Proceedings of the 11th International Conference Information Visualisation (IV’07), IEEE.

Sabol, V., Kienreich, W., Muhr, M., Klieber, W., Granitzer, M. (2009) Visual Knowledge Discovery in Dynamic Enterprise Text Repositories,
Proceedings of the 13th International Conference on Information Visualisation (IV09), IEEE Computer Society.

‘KNOW

- Center

www.know-center.at
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Topical-Temporal Analysis - Example

st S e i N e R e N
120996 051096  28.10.96 20,1196 131296  05.0197 280197 200237 150397 08.0497 010597 240537 160697  03.07.97  01.08.97

M taiwan, chinese, chang (2/29) M japan, tokyo, bay (33/108) M reactors, power, plants (13/64) exxon, alaska, valdez (6/40)

B venezuels, channel, maracsibo (2/80) M iraq, singapore, fire (4/54) B cents, brent, prices (8/127) pipeline, colombia, ecopetrol (1/85)

shel, nigeria, pemex (2/58) paim, berth, ringgit (2/51) Total: 73 / 69 | 8 H y p Ot h e S i s : tWO
different events

sl s s s | ! e e s T - i s
12,0!3.95 us.n‘ms 23,1'0,95 201136 131296 05.01.97 zs:olua? zp.o‘z.s: 715.07}3.37 03.0!4.97 01.05.97 z4.o|537 16.06.97 09,o|7.§7 01.0‘3.97
M taiwan, chinese, chang (2/29) B japan, tokyo, bay (35/108) B reactors, power, plants (8/64) exccon, slaska, valdez (2/40)
B venezuels, channel, maracaibo (8/80) M irq, singapore, fire (7/54) B cents, brent, prices (12/127) pipeline, colombia, ecopetrol (10/85)
shel, nigeria, pemex (6/58) paim, berth, ringgtt (4/51) Total: 94 / 696 | &

| | |

“Japan, Tokyo, Bay”
cluster (red)

_J 2 temporal peaks

_J Topically separated
(different hills)

Analysis for validation:
_J Inspection
_J Searching + highlighting

_J Correlating metadata

‘KNOW

- Center

www.know-center.at

31
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Usability Evaluation ‘KNOW

- Center

www.know-center.at

_J Formal Experiments with 10-15 users
= Measure user performance
= Discover usability issues

= QOptimise the interface

_J Multiple Coordinated Views

= Hierarchical Landscape + Tree View vs. Landscape only: better task
completion rates with MCV

= Temporal-topical analysis using Landscape + StreamView vs. Table +
StreamView: two visualisations performed better

_J Navigation: automatic vs. manual zooming/panning — mixed results

_J Symbol design: Complex symbols bad, colour coding recognisable .

© Know-Center 2012



Applications ‘KNOW
-’ Center
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_J Client-server system developed (with an industry partner)

= |ntegrates developed algorithmic and visual methods
= Applied on text repositories with over 1076 documents

= Feedback from real users
_J Applications

= Explorative analysis of governmental document repositories

= Patent analysis in the industry

Long term monitoring of technology fields

= Interest from industry (media and technology)

88
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Conclusion ENOW

- Center

www.know-center.at

_J Visual analytics combines automatic processing and interactive
visualisation providing advantages of both

= Tightly integrates humans in the analytical process

_J Demonstrated an approach for topical-temporal-metadata analysis
of large text corpora

= Usability experiments and applications in the industry confirm the
viability of the approach

_J Challenges
=  Text mining methods are domain and task sensitive

Extensive testing and tuning necessary

= Visual methods target experts (not “consumers”

Obtaining meaningful results not straightforward 34
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Thank Youl! ‘KNOW
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Questions?

Dr. Vedran Sabol

Lead Visualisation Group
Know-Center GmbH
Inffeldgasse 13

8010 Graz

+43 316 873 30850
vsabol@know-center.at
www.know-center.at

35
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