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The Value of Visualisation

- Visualise: “to make perceptible to the mind or imagination”

- Random House Webster’s College Dictionary

- “Visualisation is the process of representing abstract business or scientific
data as images that can aid in understanding the meaning of the data.”

- Whatis?com computer dictionary, http://whatis.techtarget.com/whome/
- “Visualisation offers a method for seeing the unseen.”

- B. McCormick, T. DeFanti, and M. Brown. Definition of Visualization.
ACM SIGGRAPH Computer Graphics, 21(6), November 1987, p.3

- “An estimated 50 percent of the brain's neurons are associated with vision.
Visualization <...> aims to put that neurological machinery to work.”

- Ibid.
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Visual Data Mining pipeline

Information,
Knowledge
Legend
D . Ij Analytical reasoning]
g mimng gl —— — T C] Process step
algorithm 1 e ;
: Interacting with i
| i visualisation ;
_ Visual processing
pipeline
) \._h_. I
WL
el i | Mapping data to ;
i | visual representation | |
: [ :
I i | Selection of
T t'| visual representation |
Data mining : [ i -
algorithm i Collection of

Visualisation Techniques

Source:
S.J. Simoff et al. (Eds.): Visual Data
Mining, LNCS 4404, pp. 1-12, 2008
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Examples of Visual Data Mining: Decision Trees

— root

leaf

split pomt

" inherited split point

Interactive tuning of decision trees by manipulating and visualizing

- size of the node (number of training records corresponding to the node)

- quality of the split (purity of the resulting partitions)

- class distribution (frequency and location of the training instances of all classes)
Source: Ankerst & Ester & Kriegel, ACM KDD 2000
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Examples of Visual Data Mining: Association Rules
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- Visual Inspection and interactive modification of association rules on mosaic plots
Source: Hofmann & Siebes & Wilhelm, ACM KDD 2000
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Examples of Visual Data Mining: Subgroups
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- Interpretation of subgroups in attribute and geographic spaces
Kepler and Descartes. Wrobel, Andrienko, Andrienko, Luthje, Handbook of DM & KD, 2002
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Examples of Visual Data Mining: Clusters
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Visualisation of the attribute values statistics for the clusters in comparison to the whole dataset

Source: IBM DB2 Intelligent Miner; http://www-3.ibm.com/software/data/iminer/fordata/
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Examples of Visual Data Mining: Hierarchical Clusters
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- Visually-driven hierarchical clustering

Source: Seo and Shneiderman, InfoVis, 2004
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Visual Analytics: Similar Techniques, Different Focus

Data Mining is computer-centred:

- Computer performs data analysis, human somehow uses the results
- Visualisation may be involved for
(mainly) helping the user to understand the results;

(sometimes) enabling the user to select and prepare input data;
(sometimes) enabling the user to direct the work of the algorithm

Visual Analytics is human-centred:

- Human solves a complex problem, computer helps the human

- Visualisation is needed for activating the perceptual and cognitive capabilities of
the human:

perception of patterns;
identification and association;
abstraction and generalisation;
reasoning and insight.
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Computer and Human Can Work Synergistically

Computers

can store and process great amounts
of information

are very fast in searching information
are very fast in processing data

can extend their capacities by linking
with other computers

can efficiently render high quality
graphics, both static and dynamic

Humans

are flexible and inventive, can deal with

new situations and problems

can solve problems that are hard to

formalise

can reasonably act in cases of
incomplete and/or inconsistent
information

can simply see things that are hard to

compute

can employ their knowledge and
experience
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The Goal of Visual Analytics

- Visual analytics must develop solutions
- enabling analysts to focus their full perceptual and cognitive capabilities on
their analytical processes

- while allowing them to apply advanced computational capabilities to augment
their discovery process
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Visual Analytics Integrates Scientific Disciplines to Improve
the Division of Labour between Human and Machine

Machine Human
- Human Cognition
Satistical Analysis Human-centered g
computing _
Semantics-based Information Perception
Data Mining  approaches .
g Resign Visual
Data Intelligence
Management
Filtering Theory

Graphics and Rendering
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Visual analytics. Introduction

Definition of Visual Analytics

Visual Analytics is the science of E]U@[E@ﬁ[ﬂﬂﬁ 0
analytical reasoning facilitated by . 1
interactive visual interfaces. @[b@ g 0 ﬁ H ﬂ

People use visual analytics tools and techniques to esedrc )evel |

- Synthesize information and derive insight from
massive, dynamic, ambiguous, and often conflicting
data

- Detect the expected and discover the unexpected

- Provide timely, defensible, and understandable
assessments

- Communicate assessment effectively for action

The book (IEEE Computer Society 2005) is available at
http://nvac.pnl.gov/ in PDF form

< NVAC : National Visualization and Analytics Center™

13

Intelligente Analyse- und

nnnnnnnnnnnnnnnnnnnnnnnnnnn October 2009 Informationssysteme

uuuuuuuuuuu



Visual analytics. Introduction

Components of Visual Analytics

Analytical reasoning

- How to maximise human capacity to perceive, understand, and reason about
complex and dynamic data and situations?

Visual representations and interaction techniques

- How to augment cognitive reasoning with perceptual reasoning through visual
representations and interaction?

Data representations and transformations

- How to transform data into a representation that is appropriate to the analytical
task and effectively conveys the important content?

Production, presentation, and dissemination

- How to convey analytical results in meaningful ways to various audiences?

14
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Visual analytics. Introduction

Emergence of Visual Analytics

Initially driven by the USA Homeland Security...

Homeland Security
Universifies = = - y  Defect, Prevent and
oottt Research and Reduce Threats
~ Development suay,. SSroining ond
sc B o 3 NS 7y et . Identify and -
Laboratories ﬁ‘ I g’v . % Eddcation " Assess Vulnerabilifies ' + ~~
Industry B sl

/4 a4
Yridg des

 Respond and
* Recover

e —

Government | Technology Evaluation and P
Impﬂememuﬂon Other Applications

Purdue University * University of lllinois at Chicago  Brown University  University of Maryland e Stanford University
Georgia Institute of Technology * Microsoft * Boeing Corporation * University of North Carolina, Charlotte

\ Sandia National Laboratory * Lawrence Livermore National Laboratory ® University of California - Davis

A Penn State University * Pacific Northwest National Laboratory © Human Interface Technology Laboratory, New Zealand
Palo Alto Research Center ® Oculus Info Inc. * National Institute of Standards and Technology * SSS Research, Inc.
George Mason University © Simon Fraser University © University of Bradford » Worcester Polytechnic Institute

() vt i 9 Government Agencies

— ...but now has a much broader scope and impact
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Conferences, symposia, workshops

EU Workshop on Visual Analytics
18. January 2007

Downloads Agenda

= Agenda

IEEE Symiposium on Visual Analytics Science and Technology 2007

=4 Visualization, Analytics & Spatial

GISClenCe Decision Support

Call for papers for the Workshop on Visualization, Analytics & Spatial Decision

%, Support at the GIScience conference (September 20, 2006, Miinster) and for a special
issue of the International Jowrnal of Geographical Information Science

University courses and seminars

Visualization and MultiMedia Lab

Department of Informatics, University of Z0rich

. Cetober 30 to Hovember 1, 2007

Research programs and projects

Jfkw National Science Foundation

*T\;¥ WHERE DISCOVERTIES BEGIN

HOME | FUNDING | AWARDS | DISCOVERIES | MEWS | PUBLICATIONS | STATISTICH

Division of Computing and Communication Foundations
Foundations of Data and Visual
Analytics (FODAVA)

DFG Prlorlty Program

Funding

Scalable Visual Analytics: Interactive Visual Analysis
Systems of Complex Information Spaces

S\“h‘)
FEOFLE RESEARCH TEACHING FUBLICATIONS LINL:
vrnml:teaching/seminar
algyrEaton Seminar in Visualization and Visual Analytics (V-Nr. 43

Yoraussetzung

TECHNISCHE

\ UNIVERSITAT
DARMSTADT

Visual Analytics

Department of Computer Science
UNC Charlotte

ITCs 4122 (Undergraduate)
ITCS 5122 (Graduate)
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Visual Analytics - Mastering the information Age

Events

What is VisMaster?
“izual Analytics - Mastering the Information Age Kontakt
13 ARL ¥

VisMaster iz a European Coordination Action Project focuzed on the research dizcipline of
Yisual Analytics: One of the most important challenges of the emerging Information Age is to




Visual Analytics Aims at Supporting the Whole
Analytical Process

Plan the process

Gather relevant information and become familiar with it

Incorporate the relevant information with the existing knowledge

Generate candidate explanations (hypotheses)

Evaluate the hypotheses in light of evidence and assumptions

Develop a judgement about the most likely explanations or outcomes

Try to find other possible explanations that were not previously considered

Draw conclusions

Create a report or presentation of the results; explain why

Collaboratively review the results and the arguments
(with colleagues and/or external experts)

Share the results with customers or other audience
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Analytical Discourse

Evolving knowledge

Prior knowledge

The issue to
be addressed | | o stand

wne

. perceive
- understand
. Select

~ ﬁsualiz%v | Relevant . Store
et information |— -{f# - organize
l/ — - visualize
|
[ p— \
\ © . |
\ — \ Supporting technology /
\ {/ transform . store /
A Transformed -organize | |57 7
Raw data data . visualize - |~
- 18
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Supporting Technology

Data pre-processing and computer-adapted
representation

- e.g. extraction of structured data from images, video,
texts

Data transformations

- e.g. aggregation; clustering; dimensionality reduction;
interpolation; smoothing

Automatic extraction of potentially interesting features
and patterns (relations, regularities, anomalies, trends)

Techniques for hypotheses testing (statistics)

Visualization of data

(original and derived)

Visualization of derived knowledge,
argumentation, and analysis process

Annotation support h
Support for workspaces and workflows >~
Support for collaborative analyses D
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Example of Data Pre-processing (Text Processing)

FEMA* Situation Updates

Text
Documents Statistical Text Disambiguation
Extraction/ Module
05‘ Processing
v Module
Entity -
4 Mamed Entity
Extraction Disambituation
Relation
Extraction
N Geographical
- ‘l’/ Disambiguation
Topic-
- based Lapeer
Segmentor
. Temporal
Taopic - : -
Classifier Disambiguation
- Event
"| Detector

* Federal Emergency Management Agency

Chi-Chun Pan, Prasenijit Mitra
Pennsylvania State University
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Example of Data Transformation: Aggregation, Smoothing

"—'ﬂ'E‘_a'd"‘ Ea

Densities of events

Darya Filippova, Joonghoon Lee, Andreea Olea, Michael VanDaniker, Krist Wongsuphasawat
University of Maryland, College Park
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Example of Data Transformation: Clustering, Classification

Self-Organizing Map

Color Scheme rCulur Design |
CurrentSOM | Reference SOM

F

Diansheng Guo, Jin Chen, Alan M. MacEachren, Ke Liao
University of South Carolina; Pennsylvania State University
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Example of Data Transformation:
Clustering, Dimensionality Reduction
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Example of Feature Extraction

@ @

B} B}

tn) &2
Increasing slope Rise o 1V‘alliey1

Machon Gregory, Anthony Don, Elena Zheleva, Sureyya Tarkan, Catherine Plaisant, Ben Shneiderman
University of Maryland, College Park
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Example of Annotation Support

Choose Annotation Style Delete Annotations Hak el 29X Fnd| @ Hep... | pecinal Dti:e:: v | gel
\" New Text Section =] ”ﬁ‘wﬁ Take Snapshot
Set Annotation Color s & -’% Find

TascReport Title «———| Report Title |
- ——— Armow 2 = -
' SR - 3 Text

1 Tile. g ]
/ CIrtlE Text Section Enter taxd hare. Section Title

This is a link 0 & saved snapshot = [1]

: i " Blue Text Section Title \
awﬁ / This section is colored blug! CIICkabIe I—Ink to sna pShOt

wil ]
iclup)

Pattern: Meetings result
. There were Bh'leelings discovered. These events were
Text Section Color wilhin 500 meters and 10 minutes of each olher, They are:
. Meeting Cluster seen here [Meeting1],

» &
| =

Meeting Cluster seen here [Mestingll,
Meeting Cluster seen here Meefing3l,
Meeting Cluster seen here [Meetingd],
Meeting Cluster seen here [Meeting$),
Meeting Cluster sean here [Meatingfil,

Pattern: Ground Speed result

113 This view [Ground Speed Result 0] show tracks annotated
with AVERAGE VELOCITY BETWEEN KNOWN POSITIONS.

H|d e Sections b')‘ CDIO r The color spectiumm from white to red indicates velocity from
0 kph (wrhite) to 100kph or higher {red)

1 § P I.
.—; -\ \ Snapshot Preview Panel

Messcons I E MEE W /[
m . Taoundspeedm Trestingl]f  [Meeting2) . [Mee
1 i 4= = - ] : g B gn

\ Wy =28
\"-l E L ‘15-':-_'" _: &’:%
_‘l - | s '\'LI
Ryan Eccles, Thomas Kapler, Robert Harper, William Wright
Oculus Info Inc.
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Example of Workspace Support

Relevant Information, Hypotheses, Evidence, Arguments, ...

Vhat are the most Important Threats/Vulnerabilities associated with the

?- Human Health Risks

T

% nigeria

Fiysia.

g Africa

i 2006 P Jamury - 43 080 puliry disd
Farm in Kndema

‘2«' Worl

o |
U the avian flu will evolve to a pandemic flu

WWHO inwrestigative tean fnds o
fdende thal HSNL has improved is
ansmssibdity i humans in Wiet \lil"-‘

= Reports that a cat contracted bird flu and
has not fallen ill could mean the virus is
adapting to mammals and poses a
potentially higher risk to humans

Will The Avian Flu become a pan

E:'z'llle-.--.'wﬂll sl hal HESA1 s Beooie
Erogressively more k=thal for manmals
bl oy Rl vl v Towel, I
oorsidered a disease-free natural
T ESETV0r,

B pexrarch shows that domestic cats
xperimentally infected with HM1

- =1 develop severe disease aned con spreacd
iffection to other cals.
F= WD iwestigative team finds no evideso
<] Tathat HENA has anpoed Its TranaTs sty
i I VR M, i B
Research concludes that a girl in Thailand
e probably passed the virus to at least her
fﬂ' far, the !l:l’_ﬂﬂll of HEN 1 :i““ mother in Sept 04, causing fatal disease.
e
izt

Pascale Proulx, Sumeet Tandon, Adam Bodnar, David Schroh, Robert Harper, William Wright

Oculus Info Inc.
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Example of Workflow and Workspace Support

(%) Show navization struckure only

() Show navigation struckure and kimelines

[ tlose

A-axis change; F-aAttribute Filter; S-Graphic Filter; - Object Sice Changes; £+ - Zoom in; Z- - Zoom out; U+ - Show uns

Havigation View

F.AOROF¥A¥HOS¥A¥F‘¥

(]I)C.C.Fannsosoﬁlﬁtzo

[ +\

attribute Filter-add \LJ
Megapivels == 7.0 and Megapixek == 10.1

[
L

R % % = R X w7t

NE&EQ ©

(5

( Trand

{ 7 1 Anslysis 4
b L4

Megapixelrange increased

every year untill 2005 and has
remained static since then.

*
Mo significant change in
the zoom ratio, Mostly,
carneras have 3% or 4,

§ -
recent camera

suppaort only USE, 4' e
17| and no intarma
memory

in recent 14 cameras, TTL
iz based on digital TTL.

CyberShot DSC-HI (4 )

Cyhershot DSC-H2

- Camera Selection

SR-500...

(72)
\7) e

Cameras with megapixel > 7,

Cyhershot DSC-HS

CyberShot DSC-R1 ( 8)
DMC-FE30

Prefers Sony, Mikar, (c
or Canon! =
BLt also wants to see
other cameras,

Ll
'; ra|
Recznt camera with the best zoom-ratio
avallable in the market
Yedendra B. Shrinivasan, Jarke J. van Wik e e (10 el
Technische Universiteit Eindhoven '
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Examples of Support for Collaborative Analyses
(synchronous, co-located collaboration)

Alan M. MacEachren, Isaac Brewer
Pennsylvania State University
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Example of Support for Collaborative Analyses

(asynchronous, distributed collaboration)

@ sense.us » fobs - Morilla Firefox BE =]
Bl Edt Vew Go fBockmais ook el
@ - -8 BN v ot escale = shgender =y =ebary b= 154 (f) > @ IGL
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Reparted Occupations of U.S. Labor Force, 1850-2000 (source: http:/fipums.org) coenmonts () Mowr Comment |'Vicw ARl {133) (E)
== military wall ©men O women % of Work Foroe - e s e

& by Hartia Sharp o= Fr 3Jd 21 Jok 10016 A

a wl, B v alee Bhe cold war right afer ww, which segh be part of
e P wity Fene’l Sudh 8 Fuge jumg after B 404, [1 8 S0 niefeilrg
Sge b there i Such & deod between Sie 708 ard the B0,
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Conclusion

Visual Analytics science and technology is meant to help people to make sense from
complex data and solve complex problems

Complexities: massive amounts, high dimensionality, heterogeneity, multiple facets,
time variance, incompleteness, uncertainty, inconsistency

Visual Analytics combines interactive visual interfaces with algorithmic methods for
data pre-processing, transformation, and feature/pattern extraction

Visual Analytics also includes interactive visual tools supporting reasoning,
knowledge synthesis, and knowledge management

Interactive visual interfaces help analysts to utilize their perceptual and cognitive
capabilities fully and effectively

Computer technologies compensate for the natural limitations in human skills and
abilities and augment the discovery process

The ultimate goal is to enable a synergistic collaboration of human and computer
where each side can utilize its intrinsic capabilities in the best possible way
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