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Information VisualizationInformation Visualization

“The use of computer“The use of computer--supported,supported,The use of computerThe use of computer supported, supported, 
interactive, visual representations of interactive, visual representations of 

b t t d t t lif iti ”b t t d t t lif iti ”abstract data to amplify cognition”abstract data to amplify cognition”
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OutlineOutline

 IntroductionIntroduction

 Knowledge crystallizationKnowledge crystallization

 InfoVisInfoVis reference modelreference model
 Visual mappings, visual structuresVisual mappings, visual structures
 View transformationsView transformations View transformationsView transformations
 InteractionInteraction
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How Many Zeros in 100 Digits of How Many Zeros in 100 Digits of 
PI?PI?PI?PI?
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How Many Yellow Objects?How Many Yellow Objects?
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Strategy: Use External WorldStrategy: Use External World
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NomographNomograph
 visual devices for specialized computationsvisual devices for specialized computations
 easy to do what if“easy to do what if“ calculationscalculations easy to do „what if“easy to do „what if“--calculationscalculations
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DiagramsDiagrams

Diagram of ODiagram of O--ring ring 
dddamagedamage

S h f O iScattergraph of O-ring 
damage
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Information Visualization (InfoVis)Information Visualization (InfoVis)

External Cognition
use external world to accomplish cognition

I f ti D iInformation Design
design external representations to amplify cognition

Visualization
computer based interactivecomputer-based, interactive

Scientific Visualization Information VisualizationScientific Visualization Information Visualization
typically physical data abstract, nonphysical data
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Knowledge CrystallizationKnowledge Crystallizationg yg y
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Detect pattern
Abstract Read compare
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Dynamic HomeFinderDynamic HomeFinder
Browsing housing marketBrowsing housing market
Data, schema (structure), taskData, schema (structure), task
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Table Lens ToolTable Lens Tool
Table Table 

visualizationvisualizationvisualization visualization 
tooltool
I t ti tI t ti t Instantiate Instantiate 
schemaschema
Manipulate Manipulate 

cases,cases,cases, cases, 
variablesvariables
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Knowledge Crystallization: Knowledge Crystallization: 
Cost StructureCost StructureCost Structure Cost Structure 

 Information visualization: Improve cost structure ofInformation visualization: Improve cost structure of Information visualization: Improve cost structure of Information visualization: Improve cost structure of 
information workinformation work

Representation = data structure + operations +Representation = data structure + operations +Representation = data structure + operations + Representation = data structure + operations + 
constraintsconstraints

Different cost relati e to some taskDifferent cost relati e to some taskDifferent cost relative to some taskDifferent cost relative to some task

Walking Driving
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InfoVis Reference ModelInfoVis Reference Model

 Raw Data: idiosyncratic formatsRaw Data: idiosyncratic formatsyy
 Data Tables: relations(cases by variables)+metadataData Tables: relations(cases by variables)+metadata
 Visual Structures: spatial substrates + marks + graphical propertiesVisual Structures: spatial substrates + marks + graphical properties
 Views: graphical parameters (position scaling clipping zooming )Views: graphical parameters (position scaling clipping zooming )
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 Views: graphical parameters (position, scaling, clipping, zooming,...)Views: graphical parameters (position, scaling, clipping, zooming,...)



DataData
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Raw DataRaw Data

Documents Words Word Vectors
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Raw Data IssuesRaw Data Issues
 ErrorsErrors
 Variable formatsVariable formats D tD t D1D1 AA D3D3 Variable formatsVariable formats
 Missing dataMissing data
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Data TransformationsData Transformations

 P fP f Process of Process of 
converting Raw converting Raw 
D t i t D tD t i t D tData into Data Data into Data 
Tables.Tables.

 Used to build Used to build 
and improve and improve pp
Data TablesData Tables
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Data TablesData Tables
 Data Tables:Data Tables: AnnaAnna

HansHans

4646

 Cases/ItemsCases/Items
 VariablesVariables

1717

IDID--1111111111

4646

IDID--2222222222

 VariablesVariables
 NominalNominal

PeterPeter

1515

 QuantitativeQuantitative
 OrdinalOrdinal

IDID--3333333333

OrdinalOrdinal
 ValuesValues

NameName AnnaAnna HansHans PeterPeter

AgeAge 1717 4646 1515
NN
QQ

 MetadataMetadata IDID 1111111111 2222222222 3333333333OO
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Data TransformationsData Transformations

ValuesValues  Derived ValuesDerived ValuesValues Values  Derived ValuesDerived Values
Structure Structure  Derived StructureDerived Structure
V lV l D i d St tD i d St tValues Values  Derived StructureDerived Structure
Structure Structure  Derived ValuesDerived Values DerivedDerived DerivedDerivedDerived Derived 

valuevalue
Derived Derived 
structurestructure

ValueValue SortSortValueValue
MeanMean

SortSort
ClassClass
PromotePromotePromotePromote

StructureStructure
DemoteDemote X,Y,ZX,Y,ZPP
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DemoteDemote , ,, ,
xzyxzy



Visual MappingsVisual Mappings

 ExpressivenessExpressiveness ExpressivenessExpressiveness
 EffectivenessEffectiveness
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Visual MappingsVisual Mappings
 Spatial Substrate (Type of Axes)Spatial Substrate (Type of Axes)

 NominalNominal NominalNominal
 OrdinalOrdinal
 QuantitativeQuantitative QuantitativeQuantitative

 MarksMarks
T P i t Li A V lT P i t Li A V l Type: Point, Line, Area, VolumeType: Point, Line, Area, Volume

 Connection and EnclosureConnection and Enclosure
 Axes LocationAxes Location

 CompositionComposition  RecursionRecursion
 OverloadingOverloading
 FoldingFolding
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Axes LocationAxes Location

 CompositionComposition

 OverloadingOverloading

 FoldingFolding FoldingFolding

 RecursionRecursion
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Visual StructuresVisual Structures

 Classification by use of space:Classification by use of space:
 1D, 2D, 3D1D, 2D, 3D

 Refers to visualizations that encode information byRefers to visualizations that encode information by Refers to visualizations that encode information by Refers to visualizations that encode information by 
positioning marks on  positioning marks on  orthogonal axesorthogonal axes

 Multivariable >3DMultivariable >3D
 Data Tables have so Data Tables have so many variablesmany variables that orthogonal that orthogonal 

Visual Structures are not sufficientVisual Structures are not sufficient
M lti l A C l AM lti l A C l A Multiple Axes, Complex AxesMultiple Axes, Complex Axes

 TreesTrees
 NetworksNetworks
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1D Visual Structures1D Visual Structures
 Typically used for Typically used for documentsdocuments and and timelinestimelines,  ,  yp yyp y ,,

particularly as part of a larger Visual particularly as part of a larger Visual 
StructureStructure

 Often embedded in the use of more axes, Often embedded in the use of more axes, 
second or third axis to accommodate largesecond or third axis to accommodate largesecond or third axis, to accommodate large second or third axis, to accommodate large 
axesaxes

 Example: Example: 
 TileBarsTileBars
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2D Visual Structures2D Visual Structures
 Chart, Chart, 

geographicgeographicgeographic geographic 
datadata
D tD t Document Document 
collectionscollections

 Example:Example:
 Spotfire:Spotfire: Spotfire:Spotfire:

2D 2D 
scatteredscatteredscattered scattered 
graphgraph [Ahlberg, 1995]
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3D Visual Structures3D Visual Structures
 Usually representUsually represent realreal Usually represent Usually represent real real 

world objectsworld objects

3D Ph i l D3D Ph i l D 3D Physical Data3D Physical Data
 E.g., E.g., VoxelManVoxelMan

 3D Abstract Data3D Abstract Data
EE ThTh

Eduard Gröller Vienna University of Technology

 E.g., E.g., ThemescapesThemescapes



Multivariable >3D Multivariable >3D 
 Data Tables have so many variablesData Tables have so many variables Data Tables have so many variables Data Tables have so many variables 

that orthogonal Visual Structures are that orthogonal Visual Structures are 
not sufficientnot sufficientnot sufficient.not sufficient.

 Example:Example:pp
Parallel Coordinates Parallel Coordinates 
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Parallel CoordinatesParallel Coordinates
 Parallel  2D axes.Parallel  2D axes.
 Add/Remove data Add/Remove data 

 EstablishEstablish PatternsPatterns

 Examine Examine 
interactions.interactions.interactions.interactions.

 Useful for recognizing   Useful for recognizing   
patterns between thepatterns between thepatterns between the patterns between the 
axes axes 

 Skilled userSkilled user Skilled user   Skilled user   
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Parallel CoordinatesParallel Coordinates [Inselberg]

Encode variables along a horizontal rowEncode variables along a horizontal row
Vertical line specifies single variable
Blue line specifies a case

Eduard Gröller Vienna University of Technology

Blue line specifies a case



Extended Parallel CoordinatesExtended Parallel Coordinates

 GreyscaleGreyscale, color, color
 Histogram information on axesHistogram information on axes
 Smooth brushingSmooth brushing

Eduard Gröller Vienna University of Technology

gg
 Angular brushingAngular brushing



TreesTrees
 Visual Structures that refer to use of  connection Visual Structures that refer to use of  connection sua St uctu es t at e e to use o co ect osua St uctu es t at e e to use o co ect o

and enclosure to encode relationships among and enclosure to encode relationships among 
casescases

 Desirable FeaturesDesirable Features
 PlanarityPlanarity (no crossing edges)(no crossing edges) PlanarityPlanarity (no crossing edges)(no crossing edges)
 ClarityClarity in reflecting the relationships among the  in reflecting the relationships among the  

nodesnodesnodesnodes
 Clean, Clean, nonnon--convolutedconvoluted designdesign
 Hierarchical relationshipsHierarchical relationships should be drawn  should be drawn  

directional    directional    
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TreesTrees
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Tree MapsTree Maps [Johnson, Shneiderman, 1991]

Outline Tree diagram

Venn diagram
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Nested treemap Treemap



NetworksNetworks
Used to describe Used to describe 

Communication Networks, Communication Networks, 
Telephone Systems, Telephone Systems, 
InternetInternet
NodesNodesNodesNodes

 UnstructuredUnstructured
 N i lN i l NominalNominal
 OrdinalOrdinal

Q titQ tit QuantityQuantity
LinksLinks

Di t dDi t d DirectedDirected
 UndirectedUndirected

Eduard Gröller Vienna University of Technology
[Branigan et al, 2001]



NetworksNetworks
Problems Visualizing Problems Visualizing 

Networks:Networks:
 Positioning Positioning of of 

NodesNodes
 Managing linksManaging links Managing linksManaging links

so they convey so they convey 
the actual  the actual  
informationinformationinformationinformation

 Handling the Handling the 
scalescale of graphs of graphs g pg p
with large  with large  
numbers of numbers of 
nodesnodesnodesnodes

 InteractionInteraction
 NavigationNavigation

Eduard Gröller Vienna University of Technology
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[London Subway]



View TransformationsView Transformations
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View TransformationsView Transformations
 Problems: Problems: Overview + Detail

 ScaleScale
 Region of InterestRegion of Interest

Zooming

Focus + Context Region of InterestRegion of Interest
 How to specify focus?How to specify focus?

ff

Focus + Context

 Find new focusFind new focus
 Stay orientedStay orientedyy

 Ability to interactively modify and augment 
visual structures turning staticvisual structures, turning static 
presentations into visualizations
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Overview + DetailOverview + Detail

 Provide both overview and detail displaysProvide both overview and detail displays Provide both overview and detail displaysProvide both overview and detail displays
 Two ways to combine:Two ways to combine:

 TimeTime -- Alternate between overview and Alternate between overview and 
detail sequentiallydetail sequentiallydeta seque t a ydeta seque t a y

 Space Space -- Use different portions of the Use different portions of the 
screenscreenscreenscreen
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Overview+DetailOverview+Detail -- ExamplesExamples
 Detail only windowDetail only window

 Z & lZ & l Zoom & replaceZoom & replace

 Single coordinated pairSingle coordinated pairg pg p

 Tiled multilevel browserTiled multilevel browser
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Overview+DetailOverview+Detail -- ExamplesExamples

 Free zoom and multiple overlapFree zoom and multiple overlap Free zoom and multiple overlapFree zoom and multiple overlap

 Bifocal magnifiedBifocal magnifiedgg

 FishFish--eye view (eye view (Focus+ContextFocus+Context))
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Focus + ContextFocus + Context

 Overview ContentOverview Content
 Detail ContentDetail Content
 Dynamical IntegrationDynamical Integration Dynamical IntegrationDynamical Integration

RationaleRationale
 Zooming hides the contextZooming hides the context
 Two separate displays split attentionTwo separate displays split attention Two separate displays split attentionTwo separate displays split attention
 Human vision has both fovea and retina Human vision has both fovea and retina 

Eduard Gröller Vienna University of Technology
Courtesy of Jock Mackinlay



Focus + ContextFocus + Context
FilteringFiltering

 Selection of casesSelection of cases Selection of casesSelection of cases
 Manually or  dynamicallyManually or  dynamically

S l ti tiS l ti tiSelective aggregationSelective aggregation
 New cases New cases 

DistortionDistortion
 Relative changes in the number of pixelsRelative changes in the number of pixels Relative changes in the number of pixels  Relative changes in the number of pixels  

devoted to objects in the spacedevoted to objects in the space
 Types of distortion:Types of distortion: Types of distortion:Types of distortion:

 Size of the objects representing casesSize of the objects representing cases
 Size due to perspectiveSize due to perspective

Eduard Gröller Vienna University of Technology

p pp p
 Size of the space itselfSize of the space itself



Focus + Context Focus + Context -- ExamplesExamples

 Hyperbolic treeHyperbolic tree Hyperbolic treeHyperbolic tree

 Perspective WallPerspective WallPerspective WallPerspective Wall

 Document LensDocument Lens
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Visual Transfer FunctionVisual Transfer Function

 Functions thatFunctions that distort visualizationsdistort visualizations by stretchingby stretching Functions that Functions that distort visualizationsdistort visualizations by stretching by stretching 
or compressing them, giving the portion of or compressing them, giving the portion of 
visualization attended to more visual detailvisualization attended to more visual detail

Eduard Gröller Vienna University of Technology
 DOI DOI -- Degree Of Interest FunctionDegree Of Interest Function



InteractionInteraction

Details-on-Demand
Dynamic Queries
Brushing

Eduard Gröller Vienna University of Technology

Brushing



DetailsDetails--onon--DemandDemand
 Expands a set of small objects to reveal  more Expands a set of small objects to reveal  more 

of their variablesof their variablesof their variablesof their variables

 Allows more variables to be mapped to theAllows more variables to be mapped to the Allows more variables to be mapped to the  Allows more variables to be mapped to the  
visualizationvisualization

Looking for new office HQs???

Location: Favoriten Strasse 9Location: Michaelerstrasse 1 Location: Favoriten Strasse 9

Rooms: 20

Conference Room: Yes

Location: Michaelerstrasse 1 

Rooms: 5

Conference Room: Yes

Eduard Gröller Vienna University of Technology

Availability: OccupiedAvailability: Under Construction



Eduard Gröller Vienna University of Technology



Dynamic QueriesDynamic Queries

 FilmFinder : Visual means of specifying FilmFinder : Visual means of specifying 
j tij ti

Eduard Gröller Vienna University of Technology

conjunctionsconjunctions



BrushingBrushing
 Used with multiple visualizations of the same  Used with multiple visualizations of the same  

objectsobjects
 Highlighting one case Highlighting one case from from the Data Table the Data Table selects selects 

the same case in other viewsthe same case in other views
 Linking Linking and Brushingand Brushing

[D l i h t l ]
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Further ReadingsFurther Readings
 The Information Visualization community platform 

http://www.infovis-wiki.net/index.php/Main Pagep p p _ g
 Card, S., Mackinlay, J., Shneiderman B., Readings in Readings in 

Information VisualizationInformation Visualization, Morgan Kaufmann, 1999.g
 Shneiderman, B., The eyes have it: A task by data The eyes have it: A task by data 

type taxonomy for information visualizationstype taxonomy for information visualizations, Proc. 
IEEE Visual Languages 1996, 336-343. 

 Ware, C., Information Visualization - Perception for 
Design, second edition 2004, Morgan Kaufmann

 Tufte, E., The Visual Disply of Quantitative 
I f ti d diti 2001 G hi PInformation, second edition, 2001, Graphics Press

 North, C., http://infovis.cs.vt.edu/cs5764/readings.html
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Interesting Links
Google Public Data Explorer

http://www.google.com/publicdata/home

Hans Rosling – Gapminder
http://www ted com/speakers/hans rosling htmlhttp://www.ted.com/speakers/hans_rosling.html

IBM – Many EyesIBM – Many Eyes
http://manyeyes.alphaworks.ibm.com/manyeyes/

Visual Complexity
http://www.visualcomplexity.com/

Further Links - External Links
htt // t i t/ /I f Vi /i d ht l

•<insert your name here> •52

http://www.cg.tuwien.ac.at/courses/InfoVis/index.html


