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Example 1: Whisky-Tasting 5
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Example 2: Chemical Elements 6

Periodic Table

e Invented 1869 by Dimitri Mendeleyev
and Lothar Meyer

e Structured and classified
Representation of all chemical elements
and their properties

e Predicted the existence of several
elements before they were discovered S
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Example 2: Chemical Elements 7/

Main-Group
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Example 2: Chemical Elements 8
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Example 2: Chemical Elements 9
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Example 3:The Challenger Disaster 10

January 27,1986 -

Space shuttle Challenger explodes 72 seconds after
launch.

Sealing-rings in the right booster were damaged due
to weather conditions.

Reliability-problems of the so called O-rings were [Pictures: Miksch Slide]
known.

The manufacturer of the boosters warned NASA
before launch that the expected cold temperatures
might be an extra risk.

NASA did not see any correlation between the failing
of O-rings and the temperatures.
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Example 3:The Challenger Disaster

History of O-Ring Damage in Field Joints (Cont)
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Example 3:The Challenger Disaster
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Tufte added a pair of rockets at
29 degrees,
predicted temperature for the

Challenger launch

since bhat was the
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Example 3:The Challenger Disaster 13

' Extrapolation of damage curve to the cold
4 Challenger: 31° forecasted temperature for

4 launch on January 28, 1986.
*

'Y Dots indicate temperature and O-ring damage for 24
“ successful launches prior to Challenger. Curve shows
* increasing damage is related to cooler temperatures.

Number of damaged O-rings per launch
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Example 1:inxight TableLens
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Pmations—
\W2Eualicierung


http://www.inxight.com/demos/tl_housing/tl_housing.html
http://www.inxight.com/demos/tl_housing/tl_housing.html
http://www.inxightfedsys.com/products/sdks/tl/default.asp
http://www.inxightfedsys.com/products/sdks/tl/default.asp

Example 2: TouchGraph GoogleBrowser (Outdated

1

Pmations—
\W2Eualicierung

US Department of Health &

How Weather Works Human Services home
National Tastitutes of Health
US Department of the Interior, US Department of Aan(ullunl NIH 5
‘\ \‘{m) "Food and Dru /1 steation
United States Geological| av.
Survey (USGS) b US Department of | f;:l;::'- Disease Control

The Unitad States Army Corps TH38500 ""3"’0"3

USDA ¥ mﬂ est Service  of Engineers
p N T b N Occupational SJQ(y and
BLM National Home Pages Servie. /Jhal(h Administration
US National Park Service !lwln-mma Protection
_Agency

US Fish & Wildlife Service

Friends ol £

Home Page
.‘
GLOBE: Global Learning and
Observations to Benefit the
Environment
River Netwerk EE-Link - An Environmental
Education Resource for
: Teachers
Land Trust Alliance . ot . American Civil Liberties Union

Izaak Walten League of America Audubon (Environmental News Netwrork

Y s 7~ 1d Wildlife Fund

A e e f Wor e Fund US Envirsnmental Organization IGC Inmlule l'or Global Human Ri lnurm(

The Conservation Fai meric Nﬁauonal 0 fc ration) & L o "
. (Def rs of Wildlife e - OnelWork im_ﬂumn mvernly Minnesota Human
The Trust for Public Lﬂ__ racs s Nature Conservancy, " —LEnviroLink: rights, Sustainable l!i!bu
Natienal Parks asedh "—",s Sierre Clob) De ment and the = Nat‘(b
A'“"‘i}'—n land Trust’ Conservation Asseciation o 2ainfore {
ot " The Enviroamental I Law Environmental Defense Fun =
:::l;::avl .:'v:nn for Historic \ Institute =4 WorldWide -» the United Nations
Natural Resources Defense High Commhﬁmcr for Human
il s - <b.</b>
\Tﬂ k|
United Natiens High

sprawl Watch Conservation International
. Home .

Z ‘i y A -~ v -
A_wm’l;@, Association Bm___,a,w If\ ; é
Wk y 4| Woﬂ ife Fund ohl]

(UNHCR)

Commissioner for Rdmes\
| United Nations

United Nations Cl re—v'c': ! /,-‘ n Emro

‘r'.'i(u“c“ . 4 international Uabewr

anization - lLO{c_b site

(Union of Concerned Scientists ) {iorld Resources Institute r
— | g United Nations Population
r h . World Conservation Union Fund (UNFPA' ted N aﬁons !‘-“““ al,
Center of Excellence for s Welcome to 115D (TueN N | Scientific and Cultural
Sustainable Development \ / anisation '(ucsco) /g \Orgnlndin For Economic
US Green Bu Council Ninited Notions Eaviroament United Natioas n.ll ;d”“"jr x A ?&gm"d S
Environmental News Mountain Institut % Programme (UNEP) ( .'}J_,?:,'F@‘:: A 1
i} “h ain Institute Convention on International Agriculture Wfo—aﬁhl Website
Oikos: Green ng Source Trade in End. od cles x izt FAD) - 5
Encrgy Efficient Construction - Ramsar Convention on Wetlands ’ {,;:3{&( nal Monetary Fund

CREST Information and
Activism Service

Ene P{lmmn Councl for af’_‘ N

- ; |f—' Eco;
Home Energy. tallieg - ) Amenun Solar Energy Seciety

<b.</b

Residential Conservation E
us nergy iency an:
' Renewable Energy (EERE) Home
Page 7. & \
Alliance to Save Emﬂi& aﬂo‘me\mﬁh Energy
ratory (NREL.
Home Power Magazine - American Energy Associan
California Energy Commission
EPRI: Science &amp;: \Homepage

Technology selutions for the
global energy <b>..</b>

Industrial Development

s
e
Convention on Migratory .. Conventien on Bielegical
Organizatien (UNIDO)

Species - Convantion sur = -2 0
[;p& ces Migratrices... ., D'\;e!suly
United Nati B0
ted Nations En: fa
Programme (UNEP: \ | 3):‘5::5 on Hazardous
UNITED T WORK
CONVENTION ON CLIMATE CHANGE,
UNFCCC

R
Intergovernmental Panel on

Climate Ch.
IISr Glol nge Research

Pew Center on Climate |
nformation Office (global
Change N - 09)

US Global Change Research _ NASA's Global Change Master ..20 O; 'I‘O uc h ( } ra Ph I I 'C

Program Dlnnuy

[http://www.touchgraph.com/TGGoogleBrowser.html]

ML


http://www.touchgraph.com/TGGoogleBrowser.html
http://www.touchgraph.com/TGGoogleBrowser.html
http://www.touchgraph.com/TGGoogleBrowser.html
http://www.touchgraph.com/TGGoogleBrowser.html

Example 2: TouchGraph GoogleBrowser
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Definitions ... 18

Data

“input signals to sensory and cognitive processes”

Information
“data with an associated meaning”

Knowledge

“the whole body of data and information together with cognitive
machinery that people are able to exploit to decide how to act, to
carry out tasks and to create new information”

[Schreiber et al., 2000]
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Information Visualization

19

InfoVis is ...

. the process of transforming data, information, and
knowledge into visual form making use of
humans’ natural visual capabilities.

. the computer-assisted use of visual processing to
gain understanding.

. providing the user with an overview first and then
details on demand (<-> text).

. based on pre-attentive features (< 200ms).

[Card & Mackinlay, 1997, Gershon, Eick, Card, 1998, Ware, 2000]
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InfoVis

Information Visualization is ...

oo (535S
* e ((()((( PO

... based on pre-attentive features (< 200m:s).

[Card & Mackinlay1997, Gershon, Eick, Card:1998, Ware, 2000]
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InfoVis versus Scientific Visualization 21

,Itis important to distinguish information visualization from scientific
visualization (SciVis).

In scientific visualization what is seen primarily relates to, and represents
visually, something physical. Thus, the flow of a water in a pipe or the nature
of the weather in a mountainous area [...] are displayed directly

superimposed on or at least close to a realistic representation of the
physical thing.

By contrast, information visualization tends to deal with abstract quantities
such as baseball scores, connections between known criminals, fluctuating
exchange rates and electrical voltages.,

[Spence: Information Visualization. 2001]
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SciVis 22

* deals with physical data (e.g., human body, tourist
maps, molecules, weather forecast, ...)

* abstract data may be involved
* spatial reference is determined

-10

: R pee :
L
Scaring—Index [K], Hochreichende Konvektionsbewoelkung [%] Isolinien: O 15 30 45 &0 65 70 75 %
Dienstag, 17-05-2005 12 UTC {GFS) {Dienstag 06 + 0B) © www.wetter3.de

[Pictures: Rester Slide]
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InfoVis: Using space 23

* Visualization of abstract data (e.g., financial

transactions, insurance risks, etc.) means to find spatial
representations (2D, 3D).

* No inherent spatial structure available, so the

designer / user needs to decide which dimensions are
represented by space: Mapping.

ML



Mapping

Visualization Reference Model

Data Visual Form

Raw Data Visual .
Data Structures NSNS

Data Visual View
Transformations Mappings Transformations

24

1
Human Interaction (controls)

[Mackinlay, 2000][Card et al.,1999]
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InfoVis: Kinds of Data 25

Entities (e.g., people, terms) and relations (e.g., part-of, is-a)
Both can have sets of attributes (duration, color, time, etc.)

Types of attributes

Category data (nominal),
Integer data (ordinal),
Real-number data (interval & ratio)

High-frequency versus high-structural

[Ware: Information Visualization, 2000]
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InfoVis: Heterogeneous Data ... 26

info

Multi-Dimensionality
. contain more than three dimensions and are multi-variate

Multi-Modality

. a combination of data from different sources

Structural Complexity

. ranging from low-structured (simple data structure, but many instances,
e.g., flow data, volume data) to high-structured data (complex data
structure, but only a few instances, e.g., business data)

Disparity
. contain different types of information in the different dimensions
Largeness
... consist of at least hundreds of thousands of data points
Spatiality
. contain at least one (non-scalar) spatial component and non-spatial data

Time-Dependency
... datais given at several points in time

Vvis
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Types of InfoVis 27

Visualizations are characterized by their purpose for ...

Exploration

the user searches for structures and unknown relations which provide
her or him with new insights about the data under investigation.

Analysis

starting with certain hypotheses about the data the user tries to prove
them by goal-oriented investigations.

Presentation
static visualization of facts which are fixed a priori.

[Schumann et al., 2000]
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InfoVis & Cognition 28

Visualization can facilitate cognition by ...

. increasing the memory and processing resources available to the
user.

. reducing the search for information.

. using visual representations to enhance the detection of patterns.

. enabling perceptual inference operations.

. using perceptual attention mechanisms for monitoring.

. encoding information in a manipulable medium.

[Card, Mackinlay, Shneiderman: Readings in Information Visualization, 1999]
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Knowledge Crystallization

30

> Decide,

for Dita , ’ or?Act
Problem-

Schema Solve

\ Instantiated’

Schema
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[Card, Mackinlay & Shneiderman, 1999]
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Knowledge Crystallization Sub-tasks 31

lllllllllllllllllllllllllllllllllllllllllllll

. Overview
. Zoom

. Filter

. Details

. Browse

. Search

lllllllllllllllllllllllllllllllllllllllllllll

Extract :
Compose
Present :

Create :
Delete :
Manipulate

. Reorder
- Cluster
. Class

- Average Read fact :
. Promote Read pattern
Detectpattern ... Read comparison

Abstract

lllllllllllllllllllllllllllllllllllllllllllll

[Card, Mackinlay & Shneiderman, 1999]
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Human Abilities versus Computers

33

abilities of Data Storage 4

the computer Numerical Computation

Searching

Planning

Diagnosis

Logic o
= Prediction

Perceplion -
Creativity —p
General Knowledge —

human abilities

[Keim, 2001]
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Tasks Taxonomy 34

High-level Tasks

1 overview gain an overview of the entire set of data
2 zoom adjust the size of items of interest
3 filter remove uninteresting items

4 | details-on-demand | select one or more items and get details

5 relate identify relationships between items
6 history keep a history of actions to support undo/redo
7 extract extract subsets of items for separate analysis

[Shneiderman:The eyes have it, 1996]
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Visual Information Seeking Mantra

35

"There are many visual design guidelines but the
basic principle might be summarized as the Visual
Information Seeking Mantra:

Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !
Overview first,zoom and filter, then details-on-demand !

Overview first,zoom and filter, then details-on-demand ! "
[Shneiderman:The eyes have it, 1996]
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Classification

Geometric
[con-based
Pixel-oriented

Hierarchical

Graph-based

Recursive Pattern: FAZ-Index (Jan. ‘74 -"Apr. ‘95)

time
of t
= inth
Stoc

rox PARC

used by permission of 8. Card, Xe

A Data Visualization Techniques

36

Distortion Techniques

Pmations—
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[Keim, 2001]
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Classification 37

Figure |. Classification of visual data exploration techniques.

Data to Be VYisualized

One-dimensional +

1
|

Two-dimensional
Visualization Technique

Multidimensional 1 Stacked Display

Text Web 1 Dense Pixel Display

Iconic Display

Hi hies Graphs T
ierarchies araphs Geometrically Transformed Display
Algorithm/software T Xgtandard 2D/3D Display
v : . - - : :
Standard Projection Filtering Zoom  Distortion Link & Brush

Interaction and Distortion Technique

- ThemeRiver Starlcon i LinkBrush

PixelMap . Hemisphere

: . [Keim, 2001]
infoisssEAnieist:r MI,
\W2Eualicierung




Mulitple Views 38

Coupling views by:

e Slaving
movements in one view are automatically propagated
in the other views

* Linking
connects the data items of one view with the data
items of the other views e.g.,done by brushing: user
selects and highlights items in one view and the
corresponding items are highlighted automatically

[Baldonado, 2000]

ML




Topics VO.01

39

Motivation - Examples
Definitions and Goals
Knowledge Crystallization
Exploration Technigues
Visual Encoding Techniques
Summary

ML,



Visual Encoding Techniques 40

Different ways in encoding information visually:

* Space
(See details next slide)

* Marks (in space)
Points, lines, areas, volumes

e Connections & enclosures

* Retinal properties
Crispness, shape, resolution, transparency, color, grayscale

 Temporal changes
* Viewpoint transformations

[Card, Mackinlay & Shneiderman, 1999]
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Visual Encoding Techniques

e Composition

The orthogonal placement of axes,

creating a 2D metric space

41
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Visual Encoding Techniques 42

e Composition

The orthogonal placement of axes, L.L.l”..ll.ll

creating a 2D metric space Car price for 1979

* Alignment
The repetition of an axis fﬁll..llllll.l_ll.llll

at a different position in the space Car mileage for 1979

Repair

Great
Good
OK

Bad
Terrible

Repair record for 1977

Weight
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[Card, Mackinlay & Shneiderman, 1999]
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Visual Encoding Techniques 43

e Composition
The orthogonal placement of axes,
creating a 2D metric space

* Alignment
The repetition of an axis
at a different position in the space

* Folding
The continuation of an axis
in an orthogonal direction

Tabaqui

18/18

Lines: 4326 /
IndenAnimaf 0.60

text: the red swiff. Half-way up the hill he met Bagheera with the
Brows Gray Slownames: Bagheera AL .

[Card, Mackinlay & Shneiderman, 1999]
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Visual Encoding Techniques 44

e Composition
The orthogonal placement of axes,
creating a 2D metric space

* Alignment
The repetition of an axis
at a different position in the space |-~ " = S ==

VVVVV

:::::::::::::::

* Folding - -
The continuation of an SR T D :
axis in an orthogonal direction

|| Size: | Electoral Votes

Tat s s S |
* Recursion == =l
The repeated subdivision of space Sl =
= R leh][feas — o s e Nu:::;:urin
P* Delawae - |fashin Montana | Republican

[Card, Mackinlay & Shneiderman, 1999]
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Visual Encoding Techniques 45

e Composition
The orthogonal placement of axes,
creating a 2D metric space
* Alignment
The repetition of an axis
at a different position in the space
* Folding
The continuation of an axis
in an orthogonal direction
e Recursion
The repeated subdivision of space

The reuse of the same space

[Card, Mackinlay & Shneiderman, 1999]
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Summary:InfoVis ... 47

* isavery complex task.
* can help to getinsight into data more quickly.
* s akind of abstraction.

* requires preparation and sensible handling of the
information.

* should make use of the properties of human visual
perception.

* requires sensible handling, relative to the task.
* is abig challenge, if you want to do it good.
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Thanks to ...

48

... Silvia Miksch and
... Markus Rester

for making nice slides of previous classes available.
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