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Visual Data Analysis

[ 4
ahe purpose of computing issight, not numbers.

T Richard Hamming, 1962

Data I Data : Visual I Visualization I
Source Tables Abstractions Views UL
Data Visual View
Transformations Mappings Transformations

[ 4
aisualizationoﬁers a method foseeing the unseenlt enriches the process of

cientific discovenand fostergprofound and unexpected insights
T McCormicket al.,1989
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Focus on Interactivity

[ 4
AN LIKAO Aada y2i VYRNIZFED N2zOOQS RIQYURtYitR2 NISIOR B (I NidlzOA &
aevealsall the relationshipsconstituted by theinterplay of the data The best graphic
operations are thosearried out by the decisiormakerhimself.
T Bertin, 1981
| 4
teraction isthe fuel for analyticdiscourse. 4
q T Thomas & Cook, 2005 IS through the interactive manipulation of a
qisual interfaceg the analytic discourse
that knowledge is constructed, tested,
refined and shared.

T Pike et al., 2009

[ 4
hile visual representationsnay provoke curiosity

teraction provides themeansto satisfy it
T Tominski& Schumann, 2020



Focus on Interactivity

APhases of the visualization process

Data I Data : Visual I Visualization I
Source Tables Abstractions Views UL
Data Visual View
Transformations Mappings Transformations

t I I

ABut what about the phases of the interaction process?
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Human Action Cycle

b2NXIyQa adl 3Sa prdcessigi A2y I YR

Goal
Response

<4—— Evaluate <«— Interpret 4—-<—|

Human PRSI

IntermediateLevel Low-Level
behavioral visceral

L—> Intend —> Specify —P-J
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Interaction Costs

Gulf of Execution

ADifficulty to perform interaction

ACan | do this?, Where is the necessary
functionality?, Which device do | use?,
How do | execute the command?

Gulf of Evaluation

ADifficulty to understand response

AWas there a reaction at &l Where did
the interaction take effec?, What has
changed?, Howvell 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



A Basic Example

Demo: Interacting with events BpiraClocloragicevie Huot, 2002)

B

A Lightweight
A Smooth
A Efficient
A Natural

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

Outline

Interaction for visual data analysis

ALightweight Interactive lenses

ASmooth Understandable and engaging interaction
AEfficient TheCompaRindor comparative analyses
ANatural: Naturally inspired visual comparison



Lightweight Interaction

AWhat doedightweight mean?
AlInteraction with preferably local and transient effect
AEasy to perform and undo
AEasy to understand and evaluate

AExample: Interactive lenses



Lightweight Interaction

I rostton VISUALIZATION
Interactive IenseS(Tominskiet al., 2017) — Regular representation
A d I v - Adjusted representation

Mode S

A | Or/entahOn + LENS
select — / Exterior

ALens function Shape ) corder

AJoin B Interior

A Eﬁe CtS :Eie.lexe""
AAlteration e
ASuppression e

ChronoLenses
Zhao et al., 2011
(alteration)
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AEnrichment
Ellis & Dix, 2006

(suppression)
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ExtendedExcentrid_abeling,
Bertiniet al., 2009
(enrichment)

11



Lightweight Interaction

ADemo: Graph Lenses

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

Outline

Interaction for visual data analysis

ASmooth Understandable and engaging interaction
AEfficient TheCompaRindor comparative analyses
ANatural: Naturally inspired visual comparison



Smooth Interaction

AWhy smoothinteraction?
AMakeresult ofinteraction easyto recognize andinderstand
AMake interaction engaging and enjoyable to use

AHow to achieve smooth interaction?
A Continuous visual representation
A Continuous direct manipulation



Smooth Interaction

Make result of interactiomasy to recognize and understand
Alnstantaneouschange ®

u A
® _
A
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Smooth Interaction

Make result of interactiorasy to recognize and understand
AGradualchange



Smooth Interaction

Make interactionengaging ananjoyableto use
ADemo: Hybrid 2D/3D Visualization of Movement Trajectories
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Outline

Interaction for visual data analysis

AEfficient TheCompaRindor comparative analyses
ANatural: Naturally inspired visual comparison



Efficient Interaction

AEfficiency criterion
ABalance benefits and cosist. thetask at hand

AMany tasks and correspondimgteraction patterns sedio parsons, 2013)

AUnlpoIar Arranging, assigning, blendirmpmparing drilling, filtering,
VIGAIFGAYIE aSt SOGAYyIZT X

ABlpoIar Collapsing/expanding, composing/decomposing, linking/unlinking,
AUZ2ZNAYIKNBINRSOAY IS X

AEfficiency depends on data analysis situation
AExampleVisual comparison



Efficient Interaction

Visual Comparison -

ACompile sebf objects to be compare
A Costs for selectingbjects

ACarryout visual comparison
A Costs for moving eyedsack
and forth betweenobjects

AUnderstand data in context
A Costs for mavigating betweenobjects

60 80 100
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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 Comparisomvith the CompaRing
Inspireddo € & . NA(Y&scogicheDa.,e2009)

ADynamic rearrangement of data objects to be compared
ASemiautomatic selection of comparison candidates
ANavigation shortcuts for studying data in context



Efficientinteraction

Dynamic Rearrangemel

Indicator Arc

——j‘
Data
Minimum - Maximum
Negative || B rositive CompaRing
Difference

ACostreduction: The user does not need to collect the necessary
iInformation, butthe system brings the informatiorio the user!
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Efficient Interaction

Selection Naviga
AClassic selection AClassic navigation
AManually markn objects AManual zoom and pan operations
ASemiautomatic selection ANavigation shortcuts
AManually mark 1 object A Slots trigger navigation
A Automatically computend select to slot object
the n ¢ 1 most similar objects A Automatic viewport animation

ACost reductionSingle click's.  ACostreduction: Singleclick vs.
n clicks repetitive manualoperations



Efficient Interaction

ADemo: Visual comparisomith CompaRing

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

Outline

Interaction for visual data analysis

ANatural: Naturally inspired visual comparison



Natural Interaction

[ 4
alhe design ofatural interactionsystems is focused on recognizing

nate andinstinctive human expressions in relation to some object, and
return to the user a corresponding feedback that has the characteristics
of being bothexpectedandinspiring.
T Baraldiet al., 2009

AProblem: Can interaction with a computer be natural at all?
AAlternative:Naturally inspiredinteraction

ANext Naturally inspiredinteraction forvisualcomparison



Natural Interaction

Motivating example: Comparison in a tabular visualization

AStandard procedure e Sluilel. 2o Elea so w

A Navigate topattern A

A Store A in shorterm memory

A Scroll to another pattern B

A Compare B to mental image of A

AIneffective anderror-prone

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

How humans compare information printed on paper

Sideby-side Shinethrough Folding
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