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Visual Data Analysis

Adapted from Card et al., 1999
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The purpose of computing is insight, not numbers.
τRichard Hamming, 1962ά

Visualizationoffers a method for seeing the unseen. It enriches the process of 
scientific discoveryand fosters profound and unexpected insights.

τMcCormick et al., 1989
ά
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Focus on Interactivity

! ƎǊŀǇƘƛŎ ƛǎ ƴƻǘ ΨŘǊŀǿƴΩ ƻƴŎŜ ŀƴŘ ŦƻǊ ŀƭƭΤ ƛǘ ƛǎ ΨŎƻƴǎǘǊǳŎǘŜŘΩ ŀƴŘ ǊŜŎƻƴǎǘǊǳŎǘŜŘuntil it 
reveals all the relationshipsconstituted by the interplay of the data. The best graphic 
operations are those carried out by the decision-makerhimself.

τBertin, 1981

ά
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While visual representationsmay provoke curiosity,
interaction provides the means to satisfy it.

τTominski& Schumann, 2020
ά

Interaction is the fuel for analytic discourse.
τThomas & Cook, 2005ά It is through the interactive manipulation of a 

visual interface ςthe analytic discourseς
that knowledge is constructed, tested, 
refined and shared.

τPike et al., 2009

ά



Focus on Interactivity

ÅPhases of the visualization process

ÅBut what about the phases of the interaction process?

2020-01-17 Christian Tominski, Interaction for Visual Data Analysis 4

Adapted from Card et al., 1999
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Human Action Cycle

bƻǊƳŀƴΩǎ ǎǘŀƎŜǎ ƻŦ ŀŎǘƛƻƴ ŀƴŘ ƭŜǾŜƭǎ ƻŦ processing
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Adapted from Norman, 2013
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Interaction Costs

Gulf of Execution

ÅDifficulty to perform interaction
ÅCan I do this?, Where is the necessary

functionality?, Which device do I use?, 
How do I execute the command?

Gulf of Evaluation

ÅDifficulty to understand response
ÅWas there a reaction at all?, Where did

the interaction take effect?, What has
changed?, How well do intent and effect match?
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Focus on Interactivity

Interaction is a powerful tool
for analytic discourse

only if

the costs for interaction are kept low

Good interaction design
and implementation
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A Basic Example

Demo: Interacting with events in SpiraClock(Dragicevic& Huot, 2002)
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ÅLightweight
ÅSmooth
ÅEfficient
ÅNatural

https://vcg.informatik.uni-rostock.de/~ct/software/SpiraClock.js/SpiraClock.html

https://vcg.informatik.uni-rostock.de/~ct/software/SpiraClock.js/SpiraClock.html


Outline

Interaction for visual data analysis

ÅLightweight: Interactive lenses

ÅSmooth: Understandable and engaging interaction

ÅEfficient: The CompaRingfor comparative analyses

ÅNatural: Naturally inspired visual comparison
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Lightweight Interaction

ÅWhat does lightweight mean?
ÅInteraction with preferably local and transient effect

ÅEasy to perform and undo

ÅEasy to understand and evaluate

ÅExample: Interactive lenses
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Lightweight Interaction

Interactive lenses (Tominskiet al., 2017)

ÅModel
ÅSelect

ÅLens function

ÅJoin

ÅEffects
ÅAlteration

ÅSuppression

ÅEnrichment ChronoLenses,
Zhao et al., 2011
(alteration)

Sampling Lens,
Ellis & Dix, 2006
(suppression)

Extended ExcentricLabeling,
Bertiniet al., 2009
(enrichment)
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Lightweight Interaction

ÅDemo: Graph Lenses

https://vcg.informatik.uni-rostock.de/~ct/software/iGraph.js/iGraph.html
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https://vcg.informatik.uni-rostock.de/~ct/software/iGraph.js/iGraph.html


Outline

Interaction for visual data analysis

ÅLightweight: Interactive lenses

ÅSmooth: Understandable and engaging interaction

ÅEfficient: The CompaRingfor comparative analyses

ÅNatural: Naturally inspired visual comparison
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Smooth Interaction

ÅWhy smooth interaction?
ÅMake result of interaction easy to recognize and understand

ÅMake interaction engaging and enjoyable to use

ÅHow to achieve smooth interaction?
ÅContinuous visual representation

ÅContinuous direct manipulation
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Smooth Interaction

Make result of interaction easy to recognize and understand

ÅInstantaneouschange
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Smooth Interaction

Make result of interaction easy to recognize and understand

ÅGradualchange
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Smooth Interaction

Make interaction engaging and enjoyableto use

ÅDemo: Hybrid 2D/3D Visualization of Movement Trajectories
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Outline

Interaction for visual data analysis

ÅLightweight: Interactive lenses

ÅSmooth: Understandable and engaging interaction

ÅEfficient: The CompaRingfor comparative analyses

ÅNatural: Naturally inspired visual comparison
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Efficient Interaction

ÅEfficiency criterion
ÅBalance benefits and costs wrt. the task at hand

ÅMany tasks and corresponding interaction patterns(Sedig& Parsons, 2013)

ÅUnipolar:Arranging, assigning, blending, comparing, drilling, filtering, 
ƴŀǾƛƎŀǘƛƴƎΣ ǎŜƭŜŎǘƛƴƎΣ Χ 

ÅBipolar:Collapsing/expanding, composing/decomposing, linking/unlinking, 
ǎǘƻǊƛƴƎκǊŜǘǊƛŜǾƛƴƎΣ Χ

ÅEfficiency depends on data analysis situation

ÅExample: Visual comparison
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Efficient Interaction

Visual Comparison

ÅCompile set of objects to be compared
ĄCosts for selecting objects

ÅCarry out visual comparison
ĄCosts for moving eyes back

and forth between objects

ÅUnderstand data in context
ĄCosts for navigating between objects
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http://dx.doi.org/10.1109/TVCG.2008.109
http://dx.doi.org/10.1109/TVCG.2008.109


Efficient Interaction

Visual Comparisonwith the CompaRing
Inspired ōȅ ά.ǊƛƴƎ ϧ Dƻέ (Moscovichet al., 2009)

ÅDynamic rearrangement of data objects to be compared

ÅSemi-automatic selection of comparison candidates

ÅNavigation shortcuts for studying data in context
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Efficient Interaction

Dynamic Rearrangement

ÅCost reduction: The user does not need to collect the necessary 
information, but the system brings the informationto the user!
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Efficient Interaction

Selection

ÅClassic selection
ÅManually mark n objects

ÅSemi-automatic selection
ÅManually mark 1st object

ÅAutomatically compute and select 
the nς1 most similar objects

ÅCost reduction: Single clickvs.
n clicks

Navigation

ÅClassic navigation
ÅManual zoom and pan operations

ÅNavigation shortcuts
ÅSlots trigger navigation

to slot object

ÅAutomatic viewport animation

ÅCost reduction: Single clickvs. 
repetitive manual operations
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Efficient Interaction

ÅDemo: Visual comparisonwith CompaRing
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https://vcg.informatik.uni-rostock.de/~ct/software/CompaRing/index.html

https://vcg.informatik.uni-rostock.de/~ct/software/CompaRing/index.html


Outline

Interaction for visual data analysis

ÅLightweight: Interactive lenses

ÅSmooth: Understandable and engaging interaction

ÅEfficient: The CompaRingfor comparative analyses

ÅNatural: Naturally inspired visual comparison
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Natural Interaction

ÅProblem: Can interaction with a computer be natural at all?

ÅAlternative: Naturally inspiredinteraction

ÅNext: Naturally inspiredinteraction for visual comparison
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The design of natural interactionsystems is focused on recognizing 
innate and instinctivehuman expressions in relation to some object, and 
return to the user a corresponding feedback that has the characteristics 
of being both expectedand inspiring.

τBaraldiet al., 2009

ά



Natural Interaction

Motivating example: Comparison in a tabular visualization
ÅStandard procedure
ÅNavigate to pattern A

ÅStore A in short-term memory

ÅScroll to another pattern B

ÅCompare B to mental image of A

ÅIneffectiveand error-prone

ÅGoal: General interaction solution based on natural human behavior
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Natural Interaction

How humans compare information printed on paper
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Side-by-side Shine-through Folding


