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Visual Analytics

Gain insight into large data to understandcomplex phenomena
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Visual Analytics

ÅInterplay of:
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Computation
If answer can be computed, do:

Visualization
If answer cannot be computed, add:

Interaction
If visual representations do not suffice, add:



Historic Roots

The purpose of computingis 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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Are we analyzing data? Then we should be manipulatingthe data themselves;
or if we are designing an analysis of data, we should be manipulatingthe analytic 
structures themselves.

τHutchins et al., 1985

ά



Interactive Visual Data Analysis as a Loop
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Visual analyticsis the science of analytical reasoningfacilitated by 
interactive visual interfaces. 

τThomas & Cook, 2005
ά



Interactive Visual Data Analysis as a Loop

Van ²ƛƧƪΩǎmodel adapted to visual analytics
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Adapted from van Wijk, 2006

MACHINE HUMAN



Interactive Visual Data Analysis as a Loop

ÅT explained in
data state
reference
model
(Chi, 2000)

ÅP and E explained
ƛƴ bƻǊƳŀƴΩǎ ǎǘŀƎŜǎ
of action and
levels of processing
(Norman, 1988)
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Adapted from Chi, 2000

Human

High-Level
reflective

Intermediate-Level
behavioral

Low-Level
visceral

Human

Goal

System

Response

SpecifyIntend Execute

InterpretEvaluate Perceive

Adapted from Norman, 2013



Directness of Human Control

Visual analytics loop requires high degree of directness

ÅDirect manipulation (Hutchins et al., 1985)

ÅFluid interaction (Elmqvistet al., 2011)

Threats to directness

ÅSpatial separation

ÅTemporal separation

ÅConceptual separation
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Threats to Directness

Spatial separation

ÅControl and effect
in different places

Temporal separation

ÅLatency between action
and effect
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Threats to Directness

Conceptual separation

Å5ƛǎŎǊŜǇŀƴŎȅ ōŜǘǿŜŜƴ ǳǎŜǊΩǎ Ǿƛǎƛƻƴ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ (Cooper et al., 2007)

2020-05-25 10

Adapted from Cooper et al., 2007



Outline

Goal: Reduce spatial, temporal, and conceptual 
separation to empower the human in the loop

1. In-situ interaction:Shorten distances for flexible information access

2. Progressive computation: Reduce latency and improve control

3. Guidance:Overcome conceptual hurdles to keep analysis going
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Interaction for Visual Analytics

Why consider reducing spatial separation?

ÅInteraction costs due to Gulfs of Execution and Evaluation(Lam, 2008)
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Adapted from Norman, 2013

Gulf of Execution

Gulf of Evaluation



Interaction for Visual Analytics

Standard approach:Basic VA graphical user interface

ÅUsually spatially separated, often heavyweight, sometimes costly
ÅInteraction and effect not in same place

ÅGlobal and permanent effect

ÅDifficult to perform and understand
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In-situ Interaction for Visual Analytics

In-situ approachinspired by direct manipulation (Hutchins et al., 1985) and fluid interaction (Elmqvistet al., 2011)

ÅIntegrated, lightweight, efficient
ÅInteraction and effect in same place

ÅLocal and transient effect

ÅInteraction costs reduced

Examples

ÅLenses for graph exploration

ÅInteraction for visual comparison
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In-situ Interaction with Lenses

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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In-situ Interaction with Lenses

Graph Lenses(Tominskiet al., 2009)

https:// tinyurl.com/GraphLenses
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https://tinyurl.com/GraphLenses


In-situ Interaction for Visual Comparison

Visual Comparison

1. Select objects to be compared

2. Carry out visual comparison

3. Understand data in context

How to support these steps
with in-situ interaction?
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http://dx.doi.org/10.1109/TVCG.2008.109
http://dx.doi.org/10.1109/TVCG.2008.109


In-situ Interaction for Visual Comparison

Visual Comparisonwith the CompaRing(Tominski, 2016)

Combine interactive and automatic means:

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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In-situ Interaction for Visual Comparison

The user does not need
to collect the relevant information,
instead the system brings
the information
to the user!
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In-situ Interaction for Visual Comparison

ÅDemo: Visual comparisonwith CompaRing
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https:// tinyurl.com/CompaRingDemo

https://tinyurl.com/CompaRingDemo

