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Whole Data often not Presentable today: peta (1015)Whole Data often not Presentable y p ( )
tomorrow: exa (1018) &

1. Applying Analytical Methods tomorrow:  exa (1018) &  
zeta (1021)pp y g y

(Data Reduction) zeta (1021)(Data Reduction)
2 Vi li ti f M t I t t D t2. Visualization of Most Important Data 

and Information
Analytical MethodsAnalytical Methods

Statistics, Machine Learning & Data Mining, g g

1 ... Amt der NÖ Landesregierung, Abt. WA5 - Hydrologie, http://www.noel.gv.at/SERVICE/WA/WA5/htm/wnd.htmg g, y g , p g
2 ... CIA Factbook, https://www.cia.gov/cia/publications/factbook/
3 How Much Information? UC Berkeley http://www2 sims berkeley edu/research/projects/how much info 2003/3 ... How Much Information?, UC Berkeley, http://www2.sims.berkeley.edu/research/projects/how-much-info-2003/

InteractionsInteractions

PastPast

O l i Ob tiOnly passive Observationsy p
R t ti t Ch blRepresentation not Changeable
“one fits all”one fits all

TodayToday

Active Examination with VisualizationsActive Examination with Visualizations
Dynamically Adaptable and ModifiableDynamically Adaptable and Modifiable
→ Different Users Tasks and Aims→ Different Users, Tasks, and Aims



Visual Analytics What is it?Visual Analytics – What is it?

James Thomas & Kristin A CookJames Thomas & Kristin A. Cook
NVAC (National Visualization and Analytics Center), Seattle, USANVAC (National Visualization and Analytics Center), Seattle, USA

“Vi l A l ti“Visual Analytics y
is the science ofis the science of 
analytical reasoninganalytical reasoning 
facilitated byfacilitated by 
interactiveinteractive 

i l i t f ”visual interfaces”

[Thomas & Cook 2005] [Keim et al 2010][Thomas & Cook 2005] [Keim, et al.  2010]

Visual Analytics AgendaVisual Analytics Agenda
[Thomas & Cook 2005][Thomas & Cook 2005]

The Science of Analytical ReasoningThe Science of Analytical Reasoning
“... enable users to obtain deep insights that directly support p g y pp
assessment planning and decision making “assessment, planning, and decision making. 

Vis al Representations & Interaction TechnologiesVisual Representations & Interaction Technologies
“ take advantage of human eye’s broad bandwidth pathway into the... take advantage of human eye s broad bandwidth pathway into the 

i d t ll t l d d t d l tmind to allow users to see, explore, and understand large amount 
of information at once.“

Data Representations & TransformationsData Representations & Transformations
“... covert all types of conflicting and dynamic data in ways that... covert all types of conflicting and dynamic data in ways that 
support visualization and analysis “support visualization and analysis.

P d ti P t ti & Di i tiProduction, Presentation, & Dissemination
“ communicate information in the appropriate context to a variety... communicate information in the appropriate context to a variety 

f di “of audience.“ 

Analytical Reasoning ProcessAnalytical Reasoning Process
[Thomas & Cook 2005][Thomas & Cook 2005]

CognitionCognition



[Card, et al., 1999]

Visualization Reference Model
[ ]

Visualization Reference Model

D t Vi l FData Visual Form
T kT kTaskTask

Raw Data VisualRaw
Data

Data
Tables

Visual
Structures

Views
Data Tables Structures

Data Visual ViewData 
Transfor ations

Visual 
Ma ings

View
Transfor ationsTransformations Mappings Transformations

Human Interaction (controls)
D T f i

Human Interaction (controls)
Data Transformations

Mapping raw data into an organization fit for visualizationMapping raw data into an organization fit for visualization

Visual MappingsVisual Mappings
Encoding abstract data into a visual representation

View TransformationsView Transformations
Changing the view or perspective onto the visual representationChanging the view or perspective onto the visual representation

User interaction can feed back into any levely

Visual Analytics ProcessVisual Analytics – Process
[Keim, et al. 2008]

Visual Analytics DefinitionVisual Analytics – Definition
[Keim, et al. 2008]

“Tight Integration of Visual and Tight Integration of Visual and 
l d fAutomatic Data Analysis Methods for y

Information Exploration and Scalable Information Exploration and Scalable 
Decision Support”Decision Support

i l l i bi d"Visual analytics combines automated y
analysis with interactive visualisations for analysis with interactive visualisations for 
an effective understanding,  reasoning an effective understanding,  reasoning 

d d i i  ki   th  b i  f  and decision making on the basis of very g y
large and complex datasets" [Keim, et al.  2010]large and complex datasets .

Visual Information Seeking MantraVisual Information Seeking Mantra
[Shneiderman 1996][Shneiderman, 1996]

overview first zoom and filter then details on demandoverview first, zoom and filter, then details-on-demand

overview first zoom and filter then details-on-demandoverview first, zoom and filter, then details-on-demand

overview first zoom and filter then details-on-demandoverview first, zoom and filter, then details-on-demand

overview first, zoom and filter, then details-on-demandoverview first, zoom and filter, then details on demand

overview first, zoom and filter, then details-on-demandoverview first, zoom and filter, then details on demand

i fi d fil h d il d doverview first, zoom and filter, then details-on-demand, ,

10 ti... 10 times ...



Visual Analytics MantraVisual Analytics Mantra
[Keim, 2005, presentation, 

Analyze first Keim, et al., 2008]Analyze first, 
h th i t t

, , ]

show the important, p
zoom filter & analyzezoom filter & analyze,

th d t il d dthen details-on-demand

Analyze firstAnalyze first, 
h th i t tshow the important, p ,

zoom filter & analyzezoom filter & analyze,
th d t il d dthen details-on-demand

Analyze firstAnalyze first, 
h h ishow the important, …p ,

10 times... 10 times ...

Goals of Visual AnalyticsGoals of Visual Analytics ...
[K i t l 2010][Keim, et al. 2010]

is design and create methods to enable users to... is design and create methods to enable users to 

synthesize information and derive insight from massivesynthesize information and derive insight from massive, 
d i bi d ft fli ti d tdynamic, ambiguous, and often conflicting datay g g

detect the expected and discover the unexpecteddetect the expected and discover the unexpected

provide timely, defensible, and understandable p y, ,
assessmentsassessments

communicate these assessments effectively for actioncommunicate these assessments effectively for action

Visual AnalyticsVisual Analytics Visual AnalyticsVisual Analytics



Visualization: Classical AreasVisualization: Classical Areas

Volume VisualizationVolume Visualization

Visualization: Classical AreasVisualization: Classical Areas

Volume VisualizationVolume Visualization

Flow Visualization Flow Visualization 

Visualization: Classical AreasVisualization: Classical Areas

Volume VisualizationVolume Visualization

Flow Visualization Flow Visualization 
Hyperbolic Tree

Sunburst Tree
Hyperbolic Tree

Information VisualizationInformation Visualization

Rectangular TreemapIcicle Tree Rectangular TreemapIcicle Tree



Visual AnalyticsVisual Analytics

“Vi l A l ti  i  th  i  f “Visual Analytics is the science of Visual Analytics is the science of 
analytical reasoning facilitated by analytical reasoning facilitated by y g y

i i  i l i f ”interactive visual interfaces ”interactive visual interfaces.

[Thomas & Cook 2005][Thomas & Cook, 2005]

Science of InteractionScience of Interaction

“Too often in the visual analytic process  Too often in the visual analytic process, y p
researchers tend to focus on visual researchers tend to focus on visual 

t ti  f th  d t  b t i t ti  representations of the data but interaction p
d i  i  t i  l i it  W  d t  design is not given equal priority. We need to des g  s ot g ve  equa  p o ty. We eed to 
d l   ` i  f i i ‘ d i   develop a `science of interaction‘ rooted in a develop a science of interaction  rooted in a 
d d d f h d ff f fdeep understanding of the different forms of deep understanding of the different forms of 
interaction and their respective benefits “interaction and their respective benefits.

[Th & C k 2005 73][Thomas & Cook, 2005, p. 73]

Why Interaction?Why Interaction?
“Interaction between human and computer is at the heart of Interaction between human and computer is at the heart of 
modern information visualization and for a single overriding modern information visualization and for a single overriding 
reason: the enormous benefit that can accrue from being able to reason: the enormous benefit that can accrue from being able to 
h ' i f   f d  U ll  h   i   change one's view of a corpus of data. Usually that corpus is so g p y p

l  th t  i l  ll i l i  i  i  lik l  t  l d t  i i ht  large that no single all-inclusive view is likely to lead to insight. 
Those who wish to acquire insight must explore  interactively  Those who wish to acquire insight must explore, interactively, 
subsets of that corpus to find their way towards the view that subsets of that corpus to find their way towards the view that 

h “triggers an 'a ha!' experience.“ [Spence, 2007]gg p

U  f  i f i  i li i  i h i i   Users prefer inferior visualizations with interaction over p
superior static visualizations   through the combination of superior static visualizations  … through the combination of 
visual  representations ad appropriate interaction mechanisms  visual  representations ad appropriate interaction mechanisms, 
the users achieve insights into the datathe users achieve insights into the data

Study in [Saraiya North Lam & Duca 2006]Study in [Saraiya, North, Lam & Duca, 2006]

What is interactivity?What is interactivity?y



Value of InteractionValue of Interaction

Reduction of distanceReduction of distance
Reducing the gulfs of execution and evaluationReducing the gulfs of execution and evaluation

Reduction of cognitive loadReduction of cognitive load g
C iti ffl di t l h i i f tiCognitive offloading, external anchoring, information g g g
foragingforaging

Higher engagementHigher engagement 
Feeling of being in control / first person nessFeeling of being in control / first person-ness

Higher expressiveness of the user interfaceHigher expressiveness of the user interface 
languagelanguage 

Richer possibilities for input and outputRicher possibilities for input and output

Interaction LevelsInteraction Levels

Ph i l L lPhysical Levely
How does the user physically interact?How does the user physically interact?

SE.g., Mouse Wheel, Touch Screeng
 Interaction Devices Interaction Devices

C t l L lControl Level
How can it be carried out by the user?How can it be carried out by the user?
E.g., Move Scrollbarg ,
 User Interface User Interface

Conceptual LevelConceptual Level
What to be done?What to be done?
E.g., Scrolling / NavigatingE.g., Scrolling / Navigating
 Task Task

Visual Information Seeking MantraVisual Information Seeking Mantra
[Sh id 1996][Shneiderman, 1996]

O i fi t d filtOverview first, zoom and filter, , ,
then details on demandthen details-on-demand.

Overview: Gain an overview of the entire collection.

Z Z i it f i t tZoom: Zoom in on items of interest. 

Filt Filt t i t t ti itFilter: Filter out unintetresting items.  

Details on demand: Select an item or group and get details when needed.Details on demand: Select an item or group and get details when needed.

Relate Vie relationships among itemsRelate: View relationships among items. 

History: Keep a history of actions to support undo, replay, and progressive refinement. y p y pp , p y, p g

Extract: Allow extraction of sub collections and of the query parametersExtract: Allow extraction of sub-collections and of the query parameters.

Interaction TaxonomyInteraction Taxonomy
Based on 1) [Yi et al 2007] and 2) [Raskin 2000]Based on 1) [Yi et al., 2007] and 2) [Raskin, 2000] 

Indicate: show me where I am pointing at 2)Indicate:  show me where I am pointing at   2)

Select: mark something as interesting 1 2)Select:   mark something as interesting 1,2)

Explore: show me something else 1)Explore:   show me something else 1)

R fi h diff t t 1)Reconfigure:   show me a different arrangement 1)g g )

Encode: show me a different representation 1)Encode:   show me a different representation 1)

Abstract/Elaborate: show me more or less detail 1)Abstract/Elaborate:    show me more or less detail 1)

Filter: show me something conditionally 1)Filter:    show me something conditionally 1)

C t h l t d it 1)Connect:    show me related items 1))

)Activate:    trigger action 2)gg )

Modify: manipulate elements 2)Modify:     manipulate elements 2)



Indicate: show me where I am pointing atIndicate: show me where I am pointing at
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]

E g Visual Feedback Pop-Up Tooltips (Mouse Over)E.g., Visual Feedback, Pop Up Tooltips (Mouse Over) 

[InfoScope 2007]Demo [InfoScope, 2007]Demo

Select: mark something as interestingSelect: mark something as interesting
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]

E g Selecting Highlighting BrushingE.g., Selecting, Highlighting, Brushing

[InfoScope 2007]Demo [InfoScope, 2007]Demo

Explore: show me something elseExplore: show me something else
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]

Zooming + PanningZooming + Panning, 
O er ie + DetailOverview + Detail

E gE.g., 
Size + Position of 
ViewportViewport

Geometric ZoomGeometric Zoom
e g Photoshope.g., Photoshop

iSemantic Zoom
e.g., Google Mapse.g., Google Maps

Overview+Detail
Focus+ContextFocus+Context

e g Fisheye Zoome.g., Fisheye Zoom

Panningg
Navigation & BrowsingNavigation & Browsing

i Sin Space
Demo: VisuExplorein Time Demo: VisuExplore

Reconfigure: show me a differentReconfigure: show me a different 
arrangement Adapted [Aigner Presentation 2010]arrangement Adapted [Aigner, Presentation 2010]

E g Swap x and y Axis of a Scatter Plot; Axis of ParallelE.g.,  Swap x and y Axis of a Scatter Plot; Axis of Parallel 
C di t R Vi M Vi P iti S ti ItCoordinates; Rearrange View, Move View Position, Sorting Items g g
in a Table Switch Scale on Axesin a Table, Switch Scale on Axes

[gravi++, 2006]Demo [gravi , 2006]Demo



Encode: show me a different representationEncode: show me a different representation
Adapted [Aigner Presentation 2010]

Switching to a
Adapted [Aigner, Presentation 2010]

Switching to a 
DifferentDifferent 
Vis ali ationVisualization 
MethodMethod

Multiple Views: p
Brushing & LinkingBrushing & Linking
A multiple viewA multiple view–

t tsystem uses two or 
more distinct views to 
support the pp
investigation of ainvestigation of a 
single conceptualsingle conceptual 

titentity

[Baldonado et al 2000][Baldonado et al., 2000]

Abstract/Elaborate: show me more or less detailAbstract/Elaborate: show me more or less detail
Adapted [Aigner Presentation 2010]

E D t il D d
Adapted [Aigner, Presentation 2010]

E.g., Details on Demandg

Displaying detailed information about data case(s) onDisplaying detailed information about data case(s) on 
demand to the userdemand to the user

May just be more info about a casey j
M b i f ti i t i di id l iMay be moving from aggregation view to individual view

[TrainVis Weishapl Aigner 2007][TrainVis, Weishapl, Aigner, 2007]

Filter: show me something conditionallyFilter: show me something conditionally
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]E g Dynamic QueriesE.g., Dynamic Queries

Selecting value ranges of variables via controls withSelecting value ranges of variables via controls with 
freal time feedback in the display. [Shneiderman 1994 ff]real time feedback in the display. [Shneiderman, 1994 ff]

Connect: show me related itemsConnect: show me related items
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]

E g LinkingE.g., Linkingg g
Connection between multiple views of the same data spaceConnection between multiple views of the same data space
U d ti i d ti llUpdating one view means updating all
Often mentioned in conjunction with “brushing” (Linking + Brushing)Often mentioned in conjunction with brushing  (Linking + Brushing)



Activate: trigger actionsActivate: trigger actions
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]

E g open document go to webpageE.g., open document, go to webpage

Modify: manipulate elementsModify: manipulate elements
Adapted [Aigner Presentation 2010]Adapted [Aigner, Presentation 2010]

generategenerate

deletedelete

movemove

transformtransform

copypy

Visual AnalyticsVisual Analytics Computation & MiningComputation & Mining

Data ReductionData Reduction

StatisticsStatistics 

Data Mining & Knowledge Discovery in DBData Mining & Knowledge Discovery in DB



Visual AnalyticsVisual Analytics G t lt LGestalt LawsGestalt Laws
1 Proximity [Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]1. Proximity [Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

> published in [Kurt Koffka (1935)--> published in [Kurt Koffka (1935), 
P i i l f G t lt P h l H t2 Similarity Principles of Gestalt Psychology, Harcourt-2. Similarity Brace, New York], ]

--> used from [Ware 2000]
3. Pragnanz

 used from [Ware, 2000]
3. Pragnanz

4. Good Continuation4. Good Continuation

5 Cl5. Closure

6 C f t6. Common fate

7 Familiarit7. Familiarity

G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)]

1 Proximity
[Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

1. Proximity

The tendency of objects near one another to be groupedThe tendency of objects near one another to be grouped 
t th i t t l ittogether into a perceptual unit.  g p p

G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)]

2 Similarity
[Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

2. Similarity

If several stimuli are presented together there is a tendency toIf several stimuli are presented together, there is a tendency to 
th f i h th t th i il it dsee the form in such a way that the similar items are grouped y g p

togethertogether. 

ba b



G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)]

3 Pragnanz
[Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

3. Pragnanz

Every stimulus pattern is seen in such a way that the resultingEvery stimulus pattern is seen in such a way that the resulting 
t t i i l iblstructure is as simple as possible.p p

G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)][Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

4 Good Continuation4. Good Continuation

Neighboring elements are grouped together when theyNeighboring elements are grouped together when they 
t ti ll t d t t i ht thl dare potentially connected to straight or smoothly curved p y g y

lineslines.
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G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)]

5 Cl
[Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

5. Closure

The tendency to unite contours that are very close toThe tendency to unite contours that are very close to 
each othereach other.

a ba b

G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)][Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

6. Common Fate6. Common Fate

El t th t i i th di ti tElements that are moving in the same direction seem to g
be grouped togetherbe grouped together.



G t lt LGestalt LawsGestalt Laws
[Max Westheimer Kurt Koffka and Wolfgang Kohler (1912)][Max Westheimer, Kurt Koffka, and Wolfgang Kohler (1912)]

7 Familiarity (Effect of Past Experience)7. Familiarity (Effect of Past Experience)

Elements are more likely to form groups if the groupsElements are more likely to form groups if the groups 
f ili i f lappear familiar or meaningful.pp g

User Centered DesignUser-Centered Design

datadata

Visual AnalyticsVisual Analytics
MethodsMethods

/ digoals/task user/audienceappropriatenessgoals/task user/audienceappropriateness

VideoVideo ContentContent

Motivation & IntroductionMotivation & Introduction
One Visualization Success StoryOne Visualization Success Story
Three Problem AreasThree Problem Areas

Wh t i Vi l A l ti ?What is Visual Analytics? y
Three Problem AreasThree Problem Areas
Concepts, Goals, & Tasks p , ,
Information Discovery ProcessInformation Discovery Process
Information Visualization and Visual Analytics Mantray

Visual Analytics: Examples & ApplicationsVisual Analytics: Examples & Applications
Visual Analytics of Time-Oriented DataVisual Analytics of Time Oriented Data
T t/D t Vi li ti / Vi l A l tiText/Document Visualizations/ Visual Analytics  

Challenges & ConclusionChallenges & Conclusion



Time has a Complex StructureTime has a Complex Structure Visual Analytics of Time Oriented DataVisual Analytics of Time-Oriented Data

h t i icharacterizing visualizing analyzingtime & visualizing
time oriented interacting analyzing

time orientedtime-oriented time-oriented 
data

g
with time time-oriented 

datadata data datadata

Visual Analytics of Time Oriented DataVisual Analytics of Time-Oriented Data

h t i icharacterizing visualizing analyzingtime & visualizing
time oriented interacting analyzing

time orientedtime-oriented time-oriented 
data

g
with time time-oriented 

datadata data datadata

Modelling TimeModelling Time



Modelling TimeModelling Time Example: Granularity ParadoxonExample: Granularity Paradoxon

Modelling Time Oriented DataModelling Time-Oriented Data Visual Analytics of Time Oriented DataVisual Analytics of Time-Oriented Data

h t i icharacterizing visualizing analyzingtime & visualizing
time oriented interacting analyzing

time orientedtime-oriented time-oriented 
data

g
with time time-oriented 

datadata data datadata



Visualizing TimeVisualizing Time

Time → Time (Animation) Time → SpaceTime → Time (Animation) Time → Space

TimeRiderTimeRider
[Rind et al 2011][Rind, et al., 2011]

UsersUsers
Medical Experts andMedical Experts and 
Ph i iPhysicians 

DataData
Patient CohortsPatient Cohorts
Data: multivariate, ,
abstractabstract 
Time: linear, instant,

T kTask
Finding Patterns inFinding Patterns in 
Multivariate Data over 
Time (Patient Cohorts)Time (Patient Cohorts)

DemoDemoDemoDemo

Patient cohorts pose additional challengesPatient cohorts pose additional challenges
for animated scatter plotsfor animated scatter plots

Gapminder TrendalyzerGapminder Trendalyzer

Irregular samplingIrregular sampling

D tData wear

Data sets covering different portions of timeData sets covering different portions of time

Visualizing Time: Time → Time (Animation)Visualizing Time: Time → Time (Animation) 
[Rind et al : TimeRider][Rind, et al. : TimeRider]

specific interaction techniquesspecific interaction techniques
++

k & i i itask & interaction taxonomies

[CHI09 workshop VisuExplore project][CHI09 workshop, VisuExplore project]



Visualizing Time: Time → SpaceVisualizing Time: Time → Space
[Rind et al : VisuExplore][Rind, et al.: VisuExplore]

specific interaction techniquesspecific interaction techniques
++

k & i i itask & interaction taxonomies

Visualizing TimeVisualizing Time

Time → Time (Animation) Time → SpaceTime → Time (Animation) Time → Space

Vi l V i blVisual Variables
Position Length Angle Slope Connection ThicknessPosition, Length, Angle, Slope, Connection, Thickness, ...

Visual Analytics of Time Oriented DataVisual Analytics of Time-Oriented Data

h t i icharacterizing visualizing analyzingtime & visualizing
time oriented interacting analyzing

time orientedtime-oriented time-oriented 
data

g
with time time-oriented 

datadata data datadata



User Centered DesignUser-Centered Design

datadata

Visual AnalyticsVisual Analytics
MethodsMethods

/ digoals/task user/audienceappropriatenessgoals/task user/audienceappropriateness

CareCruiserCareCruiser
[Gschwandtner et al 2010 2011][Gschwandtner, et al., 2010, 2011]

UsersUsers
Medical Experts andMedical Experts and 
Ph i iPhysicians

DataData
Patient Data andPatient Data and 
Treatment PlansTreatment Plans 
Data: multivariateData: multivariate, 
abstractabstract
Time: linear instantTime: linear, instant

TaskTask
Exploring the Effects of p g
Clinical Actions on aClinical Actions on a 
Patient’s ConditionPatient s Condition

DemoDemo VideoVideo PatternsPatterns VideoVideo Range SliderRange SliderDemoDemo VideoVideo PatternsPatterns Video Video Range SliderRange Slider

Interacting with TimeInteracting with Time
[Gschwandtner et al : CareCruiser][Gschwandtner, et al. : CareCruiser]

specific interaction techniquesspecific interaction techniques
++

k & i i itask & interaction taxonomies

[CHI09 workshop VisuExplore project][CHI09 workshop, VisuExplore project]

[Rind et al 2010 2011][Rind, et al., 2010, 2011]

UsersUsers
Medical Experts andMedical Experts and 
PhysiciansPhysicians

DataData
HeteregeneousHeteregeneous
D t lti i tData: multivariate, 
abstractabstract
Ti liTime: linear, 
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[Rind et al : VisuExplore][Rind, et al.: VisuExplore]

specific interaction techniquesspecific interaction techniques
++

k & i i itask & interaction taxonomies
[Vi E l j t t l][VisuExplore project: measure tool][ p p j ]

Visual Analytics of Time Oriented DataVisual Analytics of Time-Oriented Data

h t i icharacterizing visualizing analyzingtime & visualizing
time oriented interacting analyzing

time orientedtime-oriented time-oriented 
data

g
with time time-oriented 

datadata data datadata

Automatic Analysis of Time Oriented DataAutomatic Analysis of Time-Oriented Data

Temporal Data AbstractionTemporal Data-Abstraction
StatisticsStatistics
Temporal Data MiningTemporal Data-Miningp g

[MuTIny,[MuTIny, 
DisCo project]DisCo project]

Dynamics of EnterpriseDynamics of Enterprise 
Networks [Frederico et al 2010 2011]Networks [Frederico, et al., 2010, 2011]

UsersUsers
Network Experts/ConsultantsNetwork Experts/Consultants

Business Users with ManagingBusiness Users with Managing 
FunctionsFunctions

DataData
Organizational Information:Organizational Information:
Roles Skills Processes etcRoles, Skills, Processes, etc

Data: multivariate abstractData: multivariate, abstract

Time: linear instantTime: linear, instant
T kTask

E l i O i ti lExploring Organizational 
Changes over TimeC a ges o e e
D i N t k A l i (DNA)Dynamic Network Analysis (DNA)

videovideovideovideo



Visual Analytics Approach toVisual Analytics Approach to 
Dynamic Social NetworksDynamic Social Networks

3 Views: animated smooth transition between them3 Views: animated smooth transition between them

t 1

J t iti S i iti i

tt t 2

Juxtaposition Superimposition 2.5D View

Interactive Dynamic Layout y y
User controlled stability & consistencyUser controlled stability & consistency 

D l d hi hli htiDual-mode highlightingg g g
Integration of Social Network Analysis metricsIntegration of Social Network Analysis metrics
Visualization of node ‘trajectoriesVisualization of node trajectories

SuperimpositionSuperimposition

M i tiMapping time pp g
to a visualto a visual 
variablevariable

JuxtapositionJuxtaposition

Mapping time to space (horizontal axis)Mapping time to space (horizontal axis)

2 5 Dimensional View2.5 Dimensional View

Mapping time to space (3rd dimension)Mapping time to space (3rd dimension)



Specific InteractionsSpecific Interactions
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Text Visualizations/ Visual AnalyticsText Visualizations/ Visual Analytics Text Visualizations/ Visual AnalyticsText Visualizations/ Visual Analytics 

History Flow VisualizationHistory Flow Visualization

Readability AnalysisReadability Analysis

Document CardsDocument Cards

History Flow VisualizationHistory Flow Visualization 
[Wattenberg & Viégas 2006][Wattenberg & Viégas, 2006] 

History Flow VisualizationHistory Flow Visualization 
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History Flow VisualizationHistory Flow Visualization 
[Wattenberg & Viégas 2006][Wattenberg & Viégas, 2006] 

History Flow VisualizationHistory Flow Visualization 
[Wattenberg & Viégas 2006][Wattenberg & Viégas, 2006] 

Readability Analysis VAST 2010 Best PaperReadability Analysis VAST 2010 Best Paper
[Keim, presentation TAVA 2011]
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CoefficientCoefficient
removed if correlation < 0.7
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D. Oelke, D. Spretke, A. Stoffel and D. A. Keim. Visual Readability Analysis: How  to make your writings easier 
to read. In Proceedings of IEEE Conference on Visual Analytics Science and Technology (VAST '10), 2010.

Readability Analysis VAST 2010 B t PReadability Analysis VAST 2010 Best Paper
[Keim presentation TAVA 2011][Keim, presentation TAVA 2011]
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t d I P di f IEEE C f Vi l A l ti S i d T h l (VAST '10) 2010to read. In Proceedings of IEEE Conference on Visual Analytics Science and Technology (VAST '10), 2010.



Readability AnalysisReadability Analysis
[Keim, presentation TAVA 2011][ , p ]
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D. Oelke, D. Spretke, A. Stoffel and D. A. Keim. Visual Readability Analysis: How  to make your writings easier , p , y y y g
to read. In Proceedings of IEEE Conference on Visual Analytics Science and Technology (VAST '10), 2010.

VAST Papers 2010VAST-Papers 2010p
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D. Oelke, D. Spretke, A. Stoffel and D. A. Keim. Visual Readability Analysis: How  to make your writings easier p y y y g
to read. In Proceedings of IEEE Conference on Visual Analytics Science and Technology (VAST '10), 2010.
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Visual AnalyticsVisual Analytics –
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D t PData Provenance 
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EvaluationEvaluation

Application Challenges in Visual AnalyticsApplication Challenges in Visual Analytics



Visual Analytics ProcessVisual Analytics – Process
[Keim et al 2008][Keim, et al., 2008]

Conclusion [Keim presentation TAVA 2011]Conclusion [Keim, presentation TAVA 2011]

Visual AnalyticsVisual Analyticsy
i this the s t e

i tifi di th dscientific discovery methodscientific discovery method
d d l fneeded to solve some ofneeded to solve some of

the Grand Challenge problems!the Grand Challenge problems!

“All t th    t  d t d  “All truths are easy to understand once 
they are discovered; they are discovered; 
h  i  i   di  h ” the point is to discover them.” p

Galileo Galile (1564-1642) 
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[Aigner Miksch Schumann Tominski 2011]
3 Key Questions of the Visualization

[Aigner, Miksch, Schumann, Tominski, 2011]
3 Key Questions of the Visualization

1 What has to be presented?1. What has to be presented? 
Ti d d t !– Time and data!

2. Why has it to be presented?2. Why has it to be presented? 
– User tasks!– User tasks!

3 H i it t d?3. How is it presented? 
– Visual representation!p

Roadmap from theRoadmap from the
VisMaster EU ProjectVisMaster EU Project

i l l tiwww.visual-analytics.eu
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