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What is Information Visualization 

ÅUse graphical representations of abstract information to facilitate 

ïExplanation

ïInformation understanding

ïDecision making 

ïé

ÅTranslation from the abstract language to the visual/intuitive 

language



Why InfoVis ïBasic Problem

We live in a new ecology: how 

do you make sense of it

(slide ñborrowedò from PARC User Interface Research Group)

People are 5 times faster 
with the visual aid



Why InfoVis - Web Ecologies

1

10

100

1000

10000

100000

1000000

10000000

Aug-92 Feb-93 Aug-93 Feb-94 Aug-94 Feb-95 Aug-95 Feb-96 Aug-96 Feb-97 Aug-97 Feb-98 Aug-98

S
e

rv
e

rs

Source: World Wide Web Consortium, Mark Gray, Netcraft Server Survey

(slide ñborrowedò from PARC User Interface Research Group)

1 new server every 2 seconds

7.5 new pages per second



Why InfoVis - Scientific Journals

Journals/person increases 10X every 50 years
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Why InfoVis - Innate Human 

Capacity
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Bad Visualization?



Good Visualization?
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Criteria: Trustfulness (Ӡ)



Criteria: Effectiveness ( )



Criteria: Elegance ( ) 

Whisper

TextFlow
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History of Information Visualization

ÅInfoVis1.0 (Bronze Ageχ ῊҦ)

ïHand-made drawing (Info Graphics)

ÅInfoVis 2.0 (Silver Ageχ︢ ῊҦ)

ïInformation display

ÅInfoVis 3.0 (Golden Ageχ ῊҦ)

ïVisual analytics
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InfoVis 1.0: Overview

Data

Human-made

Information Visualization

We look at 

that picture

Picture

Ah HA!!

and gain 

insight



Goals

ÅMaking invisible visible

ÅCommunication

ÅUnderstanding

ÅGaining insight



Example
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InfoVis 2.0: Overview

Data Tables

Abstraction

Information Visualization

We interact with 

the visualization

Visualization

Ah HA!!

and gain 

insight

Raw Data

Transformation



Basic Types of Visual Encodings

ÅñRetinalò properties

ï spatial position (e.g., x-y axes)

ï size

ï shape

ï color

ïorientation

ï texture

ÅñGestaltò properties

ï connectivity

ïgrouping (e.g., enclosure)

Å Animation

ï view transitions

ïanimated elements

Later in the semester weôll 
examine guidelines on 
when to apply these 
mappingsé



Pre-attentive Processing

Å< 200 - 250ms qualifies as pre-attentive

ïeye movements take at least 200ms

ïyet certain processing can be done very quickly, implying low-level 

processing in parallel

ÅIf a decision takes a fixed amount of time regardless of the number 

of distractors, it is considered to be preattentive.



Accuracy Ranking of Quantitative Perceptual Tasks

Estimated; only pairwise comparisons have been validated

(Mackinlay 88 from Cleveland & McGill)



Major Topics

ÅList ÅChart, timeline

ÅTree ÅTree visualization

ÅGraph ÅGraph visualization

ÅMultidimensional ÅMultidimensional data 

viz



List Visualization



Tree Visualization

ÅNode-link diagram

ÅSpace-filling



Tree Visualization: Hyperbolic Tree

ÅProblems

ïLarge hierarchies are everywhere

ïScalability

ÅBasic idea

ïFocus + context (fisheye)

ïLay out the hierarchy on a hyperbolic plane and map this plane onto a 

circular display region



Hyperbolic Tree: Demo



Tree Visualization: Treemap



Voronoi Treemap

ÅTreemap Problems

ïAspect ratios uncontrolled leads to lots of skinny boxes that clutter

ïHard to understand the hierarchical structure

ÅSolution

ïVoronoi treemap



Post Office:  What is the area of service?

q

q : free point

e

e : Voronoi edge

v

v : Voronoi vertex

pi

pi : site points



Demo



Graph Visualization

ÅNode-link diagram

ÅMatrix

ÅHybrid



Clutter Reduction in Node-Link Diagram

ÅU.S. immigration graph with 1790 nodes and 9798 edges



Clutter Reduction Techniques

Clutter reduction techniques

Appearance

sampling

filtering

change point size

change opacity

clustering

Spatial

distortion

point/line displacement

topological distortion

space-filling

pixel-plotting

dimensional reordering

Temporal animation



Clustering ïEdge Bundling

ÅVisual clutter is a serious problem in huge graph visualization

ÅSolution 

ïGeometry-based  edge  bundling



Inspiration

ÅRoad-map style graphs

ïCut straight lines into segments

ïProvide different levels of details

ïFamiliar to everyone

(straight line graph) (road-map style graph)



Method



Control Mesh



Example: Artificial Data 

128 links, arranged in a circle, roughly from a source



Example: Airlines
Northwest Airlines in the U.S.

2101 links, 235 nodes



Video



Hybrid Graph Visualization

ÅProblem

ïHuge amounts of rich context social media 

ïThese data involve multiple social relations and content context 

ÅChallenges

ïIllustrate both global and local graph structures

ïOffer the multiscale and cross-scale exploration

ïScalability



Hybrid Graph Visualization

ÅTraditional solutions

ïForce-directed layout

ïMatrix visualization

ÅNew solution

ïHybrid method



Hybrid Method: NodeTrix

ÅA hybrid visualization for analyzing social networks

ïNode-link diagrams: the global structure of a network

ïAdjacency matrices: better support the analysis of communities



NodeTrix



Video
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InfoVis 3.0: Motivation

ÅData/Information is everywhere

ïStructured + unstructured

ÅData mining is important, however, it is far from perfect



Visual Analytics in a Nutshell

Research and develop visual analytics methods and systems 
to facilitate individual or collective human decision making

Data

Visualization

Data Mining & 

Machine Learning

Human

Knowledge

Mapping

Analytic 

technologies

Analytics 

enhancement

Result 

visualization

User interaction


