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6 Quality of Visualization

Origins

Based on the CHI 2003 Tutorial by Marti Hearst
and a Tutorial by Tamara Munzner
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6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up
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6 Quality of Visualization

Introduction

Goals of Information Visualization

Case Study: The Journey of the TreeMap
Key Questions

i
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6 Quality of Visualization

What is Information Visualization?

Visualize: to form a mental image or vision of ...

Visualize: to imagine or remember as if actually seeing.

American Heritage dictionary, Concise Oxford dictionary

T 11 _ : :
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6 Quality of Visualization

What is Information Visualization?

“Transformation of the symbolic into the geometric”
(McCormick et al., 1987)

“... finding the artificial memory that best
supports our natural means of perception."
(Bertin, 1983)

The depiction of information using spatial or graphical
representations, to facilitate comparison, pattern
recognition, change detection, and other cognitive skill by making use of
the visual system.

WRIGHT STATE Department of Computer Science and Engineering 6.6



6 Quality of Visualization

Information Visualization

Problem:
HUGE Datasets: How to understand them?

Solution
Take better advantage of human perceptual system
Convert information into a graphical representation.
Issues

How to convert abstract information into graphical form?
Do visualizations do a better job than other methods?

WRIGHT STATE Department of Computer Science and Engineering 6.7
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6 Quality of Visualization

The Power of Visualization

1. Start out going Southwest on ELLSWORTH AVE
Towards BROADWAY by turning right.

: Turn RIGHT onto BROADWAY.

. Turn RIGHT onto QUINCY ST.

. Turn LEFT onto CAMBRIDGE ST.

. Turn SLIGHT RIGHT onto MASSACHUSETTS AVE. =

. Turn RIGHT onto RUSSELL ST. i

oo o B~ O WN
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6 Quality of Visualization

The Power of Visualization

T

he astimated travel time is 5 minutes for 2.16 miles of travel, total of 6 steps.

77 Russell 5t

Directions

1 Begin at 17 Ellsworth Ave on Ellsworth Ave
and go Southwest for 500 feet

2 Turn right on Broadway and go Morthwest for
0.4 miles

3 Turn right on @uiney St and go Morth for 200
feet

4 Turn left on Cambridge St and go West for
0.3 miles

5 Bear right on Massachusetts Ave,Mass
Ave RT-2A and go North far 1.2 miles

& Turn right on Russell 5t and go Mortheast for
1000 feet to 77 Russell 5t

Elapsed
Distance
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Visualization Success Story
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Har

Feto BT W Illustration of John
o n s e Snow'’s

deduction that a

cholera epidemic

was caused by a bad

water pump, circa

1854.

Horizontal lines
indicate location of
deaths.

From Visual
Explanations by
Edward Tufte,
Graphics Press,
1997
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Visualization Success Story

6 Quality of Visualization
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6 Quality of Visualization

Purposes of Information Visualization

To help:
Explore
Calculate
Communicate
Decorate

WRIGHT STAf}E Department of Computer Science and Engineering 614
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6 Quality of Visualization

"'wo Different Primary Goals:
"wo Different Types of Vis

Explore/Calculate
Analyze
Reason about Information
Communicate
Explain
Make Decisions
Reason about Information

WRIGHT STATE Department of Computer Science and Engineering 645
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6 Quality of Visualization

Goals of Information Visualization

More specifically, visualization should:

Make large datasets coherent
(Present huge amounts of information compactly)

Present information from various viewpoints

Present information at several levels of detall
(from overviews to fine structure)

Support visual comparisons
Tell stories about the data

WRIGHT STATE Department of Computer Science and Engineering 6.16



6 Quality of Visualization

Why Visualization?

Use the eye for pattern recognition; people are good at
scanning
recognizing
remembering images

Graphical elements facilitate comparisons via
length
shape
orientation
texture
Animation shows changes across time
Color helps make distinctions
Aesthetics make the process appealing

TR ] _ : :
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6 Quality of Visualization

The Need for Critical Analysis

We see many creative ideas, but they often fail in practice

The hard part: how to apply it judiciously

Inventors usually do not accurately predict how their invention will be
used

This tutorial will emphasize
Getting past the coolness factor
Examining usability studies

TR 1] _ . :
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6 Quality of Visualization

Case Study:
The Journey of the TreeMap

The TreeMap (Johnson & Shneiderman ‘91)
ldea:

Show a hierarchy as a 2D layout
Fill up the space with rectangles representing objects

Size on screen indicates relative size of underlying objects.

TR 11 _ . :
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6 Quality of Visualization

Early Treemap Applied to File System
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6 Quality of Visualization

Treemap Problems

Too disorderly
What does adjacency mean?
Aspect ratios uncontrolled leads to lots of skinny boxes that clutter

Color not used appropriately
In fact, is meaningless here

Wrong application
Don’t need all this to just see the largest files in the OS

WRIGHT STATE Department of Computer Science and Engineering 6.22



6 Quality of Visualization

Successful Application of Treemaps

Think more about the use
Break into meaningful groups
Fix these into a useful aspect ratio

Use visual properties properly

Use color to distinguish meaningfully

Use only two colors:
Can then distinguish one thing from another

When exact numbers aren’t very important

Provide excellent interactivity
Access to the real data
Makes it into a useful tool

WRIGHT STATE Department of Computer Science and Engineering 6.23
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TreeMaps In Action

WRIGHT STATE Department of Computer Science and Engineering
UNIVERSITY
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A Good Use of TreeMaps and Interactivity
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Treemaps in Peet,s Site 6 Quality of Visualization

SHOP | ROASTING | FRESHNESS | TASTING | ABOUT UTS

. -

COFFEE TASTING | COFFEE BREWING | TEA TASTING | TEA BREWING

COFFEE SELECTOR

CLICK HERE FOR HELP.

PEet's Blends I

Gaia Organic Blend ™
zood body and an earthy, nutty
flawar. This cerified arganically
growin coffee is a lively, rich blend
of Indenesian and Central American
coffees with balanced depth of
flawar,

$12.95 /1b {Click for more)

Africa and Arabia
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6 Quality of Visualization

Analysis vs. Communication

MarketMap’s use of TreeMaps allows for sophisticated
analysis

Peets’ use of TreeMaps is more for presentation and
communication

This is a key contrast

WRIGHT STATE Department of Computer Science and Engineering 6.27



6 Quality of Visualization

Open Issues

Does visualization help?
The jury is still out

Still supplemental at best for text collections
A correlation with spatial ability

Learning effects: with practice ability on visual display begins to
equal that of text

Does visualization sell?
Jury is still out on this one too!

This is a hot area! More ideas will appear!

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Key Questions to Ask about a Viz

1. What does it teach/show/elucidate?

What is the key contribution?

What are some compelling, useful examples?
Could it have been done more simply?

a & W

Have there been usability studies done? What do
they show?

WRIGHT STATE Department of Computer Science and Engineering 6.29



6 Quality of Visualization

What we are not covering

Scientific visualization
Statistics

Cartography (maps)
Education

Games

Computer graphics in general
Computational geometry

TR ] _ : :
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6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up
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Visual Principles

WRIGHT STATE Department of Computer Science and Engineering
UNIVERSITY
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6 Quality of Visualization

Visual Principles

Types of Graphs

Pre-attentive Properties

Relative Expressiveness of Visual Cues
Visual Illusions

Tufte’s notions
Graphical Excellence
Data-Ink Ratio Maximization
How to Lie with Visualization

TR 1] _ . :
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6 Quality of Visualization

References for Visual Principles

Kosslyn: Types of Visual Representations

Lohse et al: How do people perceive common graphic
displays

Bertin, MacKinlay: Perceptual properties and visual
features

Tufte/Wainer: How to mislead with graphs

WRIGHT STATE Department of Computer Science and Engineering 6-34



6 Quality of Visualization

A Graph Is: (Kosslyn)

A visual display that illustrates one or more relationships
among entities

A shorthand way to present information

Allows a trend, pattern, or comparison to be easily
apprehended

WRIGHT STATE Department of Computer Science and Engineering 6.35



6 Quality of Visualization

Types of Symbolic Displays

(Kosslyn 89)

The Boeing Co as of Z&-Jan—139%
55 F -
4@EE5
20865
:

Charts

Maps

Diagrams

TR LT

WRIGHT STATE
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6 Quality of Visualization

Types of Symbolic Displays

Graphs
at least two scales required

values associated by a symmetric “paired with” relation
Examples: scatter-plot, bar-chart, layer-graph

The Boeing Co as of 26—Jan—1993

55 B

=1o 0

as

48

1 1 1 1 1 1
Mar2a7 Maw3ay dul=ey Sep27 Howay dan9s
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Types Of SymbOIIC DIS | 6 Quality of Visualization

Charts
discrete relations among discrete entities

structure relates entities to one another
lines and relative position serve as links

Examples:

WRIGHT STATE Department of Computer Science and Engineering 638
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6 Quality of Visualization

Types of Symbolic Disptays

Maps

Internal relations determined (in part) by the spatial relations of
what is pictured

labels paired with locations

Examples:

map of census data
topographic maps

WRIGHT STATE Department of Computer Science and Engineering 39
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Types of Symbolic Displays 6 Quality of Visualization

Diagrams
schematic pictures of T
T\\’ris(

objects or entities ]‘

Shoulder
\ | Trunk
| Hip

Knee

——
|

parts are symbolic
(unlike photographs)
how-to illustrations

Mididle
Index

Neck
Broyw

Toes

figures in a manual

MOTOR HOMUNCULUS

WRIGHT STAf}E Department of Computer Science and Engineering 6-40
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6 Quality of Visualization

Anatomy of a Graph (kosslyn 89)

Framework

sets the stage
kinds of measurements, scale, ...

Content

marks
point symbols, lines, areas, bars, ...

Labels
title, axes, tic marks, ...

T
[T

k
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6 Quality of Visualization

Basic Types of Data

Nominal (qualitative)
(no inherent order)

city names, types of diseases, ...

Ordinal (qualitative)
(ordered, but not at measurable intervals)
first, second, third, ...
cold, warm, hot
Interval (quantitative)
list of integers or reals

WRIGHT STATE Department of Computer Science and Engineering 642



Common Graph Types

6 Quality of Visualization
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Combining Data Typesn Graphs

6 Quality of Visualization

Examples?
Nominal Nominal
Nominal Ordinal
Nominal Interval
Ordinal Ordinal
Ordinal Interval
Interval Interval
TR _ : :
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6 Quality of Visualization

Scatter Plots

Qualitatively determine if variables

are highly correlated
linear mapping between horizontal & vertical axes

have low correlation

Scatter Plot

spherical, rectangular, or irregular distributions **

Hits used for coloring

have a nonlinear relationship

a curvature in the pattern of plotted points

1000

Place points of interest in context
color representing special entities :

0 50 100

150

Career Home Fams

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

When to use which type?

Line graph
X-axis requires quantitative variable
Variables have contiguous values
familiar/conventional ordering among ordinals
Bar graph
comparison of relative point values
Scatter plot
convey overall impression of relationship between two variables
Pie Chart?

Emphasizing differences in proportion among a few numbers

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Classifying Visual Representations

Lohse, G L: Biolsi, K: Walker, N and H H Rueter,
A Classification of Visual Representations
CACM, Vol. 37, No. 12, pp 36-49, 1994

Participants sorted 60 items into categories
Other participants assigned labels from Likert scales

Experimenters clustered the results various ways.

WRIGHT STATE Department of Computer Science and Engineering 647
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Subset of Example Visual Representations
From Lohse et al 94 6 Quality of Visualization
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6 Quality of Visualization

Likert Scales
(and percentage of variance explained)
16.0 emphasizes whole — parts
11.3 spatial — nonspatial
10.6 static structure — dynamic structure
10.5 continuous — discrete
10.3 attractive — unattractive
10.1 nontemporal — temporal
9.9 concrete — abstract
9.6 hard to understand — easy
9.5 nonnumeric — numeric
2.2 conveys a lot of info — conveys little

WRIGHT STATE Department of Computer Science and Engineering 6.50



6 Quality of Visualization

Experimentally Motivated Classification

(Lohse et al. 94)
Graphs

Tables (numerical)
Tables (graphical)
Charts (time)

Charts (network)
Diagrams (structure)
Diagrams (network)
Maps

Cartograms

lcons

Pictures

[Tl [ %

WRIGHT STATE Department of Computer Science and Engineering 6.51
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6 Quality of Visualization

Interesting Findings
Lohse et al. 94

Photorealistic images were least informative

Echos results in icon studies — better to use less complex, more
schematic images

Graphs and tables are the most self-similar categories
Results in the literature comparing these are inconclusive

Cartograms were hard to understand

Echos other results — better to put points into a framed rectangle to aid
spatial perception

Temporal data more difficult to show than cyclic data
Recommend using animation for temporal data

WRIGHT STATE Department of Computer Science and Engineering 6.52



6 Quality of Visualization

Visual Properties

Preattentive Processing
Accuracy of Interpretation of Visual Properties
lllusions and the Relation to Graphical Integrity

VVRIGHT STATE LJCPC[I LIIICIIL UI \/UIIIIJULCI \.)L,ICIIL;C al IU bl ||ccui’lg 6-53
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http://www.csc.ncsu.edu/faculty/healey/PP/PP.html

6 Quality of Visualization

Preattentive Processing

A limited set of visual properties are processed
preattentively

(without need for focusing attention).

This is important for design of visualizations
what can be perceived immediately
what properties are good discriminators
what can mislead viewers

WRIGHT STATE Department of Computer Science and Engineering 654
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6 Quality of Visualization

Example: Color Selection

Viewer can rapidly and accurately determine
whether the target (red circle) is present or absent.
Difference detected in color.

WRIGHT STATE Department of Computer Science and Engineering 655



6 Quality of Visualization

Example: Shape Selection

Viewer can rapidly and accurately determine
whether the target (red circle) is present or absent.
Difference detected in form (curvature)

[Tl [ &

WRIGHT STATE Department of Computer Science and Engineering
UNIVERSITY
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6 Quality of Visualization

Pre-attentive Processing

< 200 - 250ms qualifies as pre-attentive
eye movements take at least 200ms

yet certain processing can be done very quickly, implying low-
level processing in parallel
If a decision takes a fixed amount of time regardless of
the number of distractors, it is considered to be
preattentive.

WRIGHT STATE Department of Computer Science and Engineering 6.57



6 Quality of Visualization

Example: Conjunction of Features

Viewer cannot rapidly and accurately determine

whether the target (red circle) is present or absent when
target has two or more features, each of which are

present in the distractors. Viewer must search sequentially.

WRIGHT STATE Departrnent of Computer Science and Engineering 658
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6 Quality of Visualization

Example: Emergent Features

AN
NN OAND AR TN
NAN N B N DBy
A AADMRNR RAN DD
L | M\ Dismacter NN BRRRBB‘B[}_
bl I - NANN N NDNDE NN
BBBBB DN NN DN
AN NN N N TN N NN
NN NN NN N

Target has a unique feature with respect to
distractors (open sides) and so the group
can be detected preattentively.

WRIGHT STATE

Department of Computer Science and Engineering
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6 Quality of Visualizati

on

Example: Emergent Features

N
DA NAND O ND TN
NAN N B NDN
N NN DN AN DN
BBBBB BBBBB
I [N BN dMaaadBap
. T AR T NININN
DANNYOY N AD

DAANDN DANNDNDN
N NN NN N

Target does not have a unique feature with respect to

distractors and so the group cannot be detected
preattentively.

WRIGHT STATE

Department of Computer Science and Engineering
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ASym m etrl C and G raded_P_r_e_a_tJte_nQﬁyvautéof Visualization
Preperttes

Some properties are asymmetric

a sloped line among vertical lines is preattentive
a vertical line among sloped ones is not
Some properties have a gradation

some more easily discriminated among than others

Ve = <\/< v
L I_v C < v
I_\/ L v <

T 11 _ : :
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Use Group”‘]g Of We” C_hﬁseﬁ 6 Quality of Visualization
Shapes-torbisptaythg-Muitivariate Data
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SUBJECT PUNCHED QUICKLY OXIDIZED TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
GOVERNS PRECISE EXAMPLE MERCURY SNREVOG ESICERP ELPMAXE YRUCREM
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
GOVERNS PRECISE EXAMPLE MERCURY SNREVOG ESICERP ELPMAXE YRUCREM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
SUBJECT PUNCHED QUICKLY OXIDIZED TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
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6 Quality of Visualization

SUBJECT PUNCHED QUICKLY OXIDIZED TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
GOVERNS PRECISE EXAMPLE MERCURY SNREVOG ESICERP ELPMAXE YRUCREM
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
GOVERNS PRECISE EXAMPLE MERCURY SNREVOG ESICERP ELPMAXE YRUCREM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
SUBJECT PUNCHED QUICKLY OXIDIZED TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
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Preattentlve Vlsual PrO'pelLt‘l'ES 6 Quality of Visualization

(Healey 97)
length Triesman & Gormican [1988]
width Julesz [1985]
size Triesman & Gelade [1980]
curvature Triesman & Gormican [1988]
number Julesz [1985]; Trick & Pylyshyn [1994]
terminators Julesz & Bergen [1983]
intersection Julesz & Bergen [1983]
closure Enns [1986]; Triesman & Souther [1985]
colour (hue) Nagy & Sanchez [1990, 1992]; D'Zmura [1991]
Kawai et al. [1995]; Bauer et al. [1996]
intensity Beck et al. [1983]; Triesman & Gormican [1988]
flicker Julesz [1971]
direction of motion Nakayama & Silverman [1986]; Driver & McLeod [1992]
binocular lustre Wolfe & Franzel [1988]
stereoscopic depth Nakayama & Silverman [1986]
3-D depth cues Enns [1990]
lighting direction Enns [1990]
[Tt 1| N ) . .
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6 Quality of Visualization

Gestalt Properties

Gestalt: form or configuration
Idea: forms or patterns transcend the stimuli used to
create them.

Why do patterns emerge?
Under what circumstances?

Why perceive pairs vs. triplets?




6 Quality of Visualization

Gestalt Laws of Perceptual Organization

I/ﬂll T a W 7A\
([\QUIIIIQII =)

Figure and Ground
Escher illustrations are good examples
Vase/Face contrast

Subjective Contour

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

More Gestalt Laws

Law of Proximity

Stimulus elements that are close together will be perceived as a
group

Law of Similarity
like the preattentive processing examples

Law of Common Fate

like preattentive motion property

move a subset of objects among similar ones and they will be
perceived as a group

WRIGHT STATE Department of Computer Science and Engineering 6.68



6 Quality of Visualization

Which Properties are Appropriate for
Which Information Types?

I _ , ,
WRIGHT STATE Department of Computer Science and Engineering 0
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Accuracy Ranking of Quantitative Perceptual Tasks

Estimated; only pairwise comparisons-have been Yalidafgsuaizaion
(Mackinlay 88 from Cleveland & McGilll)

Position
More
Accurate

Length

Area

Volume
Less

Accurate Color W Density
@
i —

WRIGHT STATE
UNIVERSITY

neering 670



. 6 Quality of Visualization

Interpretations of Visual P

Some properties can be discriminated more accurately but don’t
have intrinsic meaning
(Senay & Ingatious 97, Kosslyn, others)
Density (Greyscale)
Darker -> More
Size / Length / Area
Larger -> More
Position
Leftmost -> first, Topmost -> first
Hue
?7?7? no intrinsic meaning
Slope
?7?7? no intrinsic meaning

[T N

WRIGHT STATE Department of Computer Science and Engineering o1
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Ranking of Applicability of Properties g of visuaizaion
Different Data Types

(Mackinlay 88, Not Empirically Verified)
QUANTITATIVE ORDINAL NOMINAL

Position Position Position

Length Density Color Hue

Angle Color Saturation Texture

Slope Color Hue  Connection

Area Texture Containment
\Volume Connection Density

Density Containment Color Saturation
Color Saturation Length Shape

Color Hue  Angle Length

WRIGHT STATE

Department of Computer Science and Engineering
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6 Quality of Visualization

Color Schemes

Order these {low->hi)

]

TR LT
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UNIVERSITY
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Color Schemes

Gray scale Full spactral scale  Singls sequancsa Singla saquance Daukbla-ended
part spackral scals  single hus scale multiple hus scale
1
WRIGHT STA'—}E Department of Computer Science and Engineering 6.74
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6 Quality of Visualization

Color Purposes

Call attention to specific items

Distinguish between classes of items
Increases the number of dimensions for encoding

Increase the appeal of the visualization

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Using Color

Proceed with caution
Less is more
Representing magnitude is tricky

Examples

Red-orange- -white
Works for costs

Maybe because people are very experienced at reasoning
shrewdly according to cost

Green-light green-light brown-dark brown-greyv-white works for
atlases

IS unambiguous but has limited range

WRIGHT STA’—}E Department of Computer Science and Engineering
UNIVERSITY
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6 Quality of Visualization

Visual lllusions

People don’t perceive length, area, angle, brightness they
way they “should”.

Some illusions have been reclassified as systematic
perceptual errors

e.g., brightness contrasts (grey square on white background vs. on
black background)

partly due to increase in our understanding of the relevant parts of
the visual system
Nevertheless, the visual system does some really
unexpected things.

WRIGHT STATE Department of Computer Science and Engineering 6.77



6 Quality of Visualization

lllusions of Linear Extent

Mueller-Lyon (off by 25-30%)

- =

Horizontal-Vertical

WRIGHT STATE Department of Computer Science and Engineering 678
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6 Quality of Visualization

lllusions of Area

Delboeuf Illlusion

HOA®

Height of 4-story building overestimated by approximately 25%

The two filled black circles are exactly the same size; however, the
one on the left may seem larger or smaller.

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

What are good guidelines for Infoviz?

Use graphics appropriately
Don’t use images gratuitously
Don’t lie with graphics!
Link to original data
Don’t conflate area with other information
E.g., use area in map to imply amount
Make it interactive (feedback)
Brushing and linking
Multiple views
Overview + details

Match mental models

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Channels: Rankings

Position on common scale e : Spatial region - | .
Position on unaligned scale ' ', ; o—i Color hue HEN

. o . e o o
Length (1D size) Motion Ve G
Tilt/angle | S Shape + O 0 A
Area (2D size) - =l
Depth (3D position) —e H———e
Color luminance Hl B | .
Color saturation [] m
Curvature | ) ) D .

&
Volume (3D size) - v iy 7
ik~ _ o
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6 Quality of Visualization

Channels: Rankings

(® Magnitude Channels: Ordered Attributes 3 Identity Channels: Categorical Attributes
Position on common scale : o ' : Spatial region - B .
Position on unaligned scale ' ', ' i Color hue HEN
. o . e o o
Length (1D size) Motion Ve G
Tilt/angle | S Shape + O 0 A
Area (2D size) = m
Depth (3D position) e ——e
Color luminance HEE I | .
(4]
Color saturation [] H°
Curvature | ) ) D .
&
Volume (3D size) v v iy 7
"= _ o
WRIGHT STATE Department of Computer Science and Englneerlng 6-82

UNIVERSITY



6 Quality of Visualization

Channels: Rankings

» Identity Channels: Categorical Attributes

(® Magnitude Channels: Ordered Attributes

Position on common scale : o ' : Spatial region u | .
Position on unaligned scale ' ', ' i Color hue HEB
. o . * e o (3 Attribute Types
Length (1D size) Motion o * G = Categorical
Tilt/angle | S Shape + @0 A +oHA
=> Ordered
Area (ZD SiZE) u . . = Ordinal = Quantitative
2 —
Depth (3D position) e H—e
Color luminance HEE I | .
(]
Color saturation [] R
Curvature | ) ) D .
e
Volume (3D size) v v iy 7
T _ o
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6 Quality of Visualization

Channels: Rankings

(® Magnitude Channels: Ordered Attributes 3 Identity Channels: Categorical Attributes
Position on common scale : o ' : % Spatial region u | .
Position on unaligned scale ' ', ' i Color hue HEN
. o . e o o
Length (1D size) Motion Ve G
Tilt/angle | S Shape + O 0 A
Area (2D size) = m é
2
Depth (3D position) e ——e R
Color luminance HEE I | .
(4]
Color saturation [] H°
Curvature | ) ) D .
Bl B
Vol i v g
olume (3D size) v v iy 1 5
"= _ o
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Chnnels Rankln

6 Quality of Visualization

: @ Identlty Channels Categorlcal Attrlbutes |

UNIVERSITY

Spatial region . .
Lelngth (1D size) | - Motion S o ® .C}.
Tilt/angle | Yo Shape + ® 0 A
Area (2D size) = N . @
v
Depth (3D position) e F——e E
Color luminance HEE I | ;
£
Color saturation HEE B | 7
Curvature | ) ) D J |
Volume (3D size) v v iy | :
IR _ o
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6 Quality of Visualization

Grouping
Marks as Links
(® Containment ® Connection
containment ¢ oo o A
connection v U
(® Identity Channels: Categorical Attributes
.. Spatial region .
proximity P J nE
—same spatial region Color hue BEBE
similarity
. ) o ©
—same values as other Motion e* 4
categorical channels
Shape + O 0 A

WRIGHT smﬁfg Department of Computer Science and Engineering 6.86
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6 Quality of Visualization

Tufte

Principles of Graphical Excellence

Graphical excellence is

the well-designed presentation of interesting data — a matter of
substance, of statistics, and of design

consists of complex ideas communicated with clarity, precision and
efficiency

Is that which gives to the viewer the greates number of ideas in the
shortest time with the least ink in the smallest space

requires telling the truth about the data.

WRIGHT STATE Department of Computer Science and Engineering 6.67



6 Quality of Visualization

Tufte’s Notion of Data Ink Maximization

What is the main idea?
draw viewers attention to the substance of the graphic

the role of redundancy
principles of editing and redesign

What's wrong with this? What is he really getting at?

TR 1] _ . :
WRIGHT STATE Department of Computer Science and Engineering 668
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6 Quality of Visualization

Tufte Principle

Maximize the data-ink ratio:
data Iink

Data-ink ratio =  -----——-—mmmmmemmm -
total ink used in graphic

Avoid “chart junk™

]

k

WRIGHT STATE Department of Computer Science and Engineering 690
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6 Quality of Visualization

Tufte Principles

Use multifunctioning graphical elements

Use small multiples
Show mechanism, process, dynamics, and causality

High data density
Number of items/area of graphic

This is controversial

White space thought to contribute to good visual design
Tufte’s book itself has lots of white space

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Tufte’s Graphical Integrity

Some lapses intentional, some not

Lie Factor = size of effect in graph
size of effect in data

Misleading uses of area
Misleading uses of perspective
Leaving out important context
Lack of taste and aesthetics

WRIGHT STATE Department of Computer Science and Engineering
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From Tim Craven’s LIS 504 course 6 Quality of Visualization

http://instruct.uwo.ca/fim-lis/504/504gra.htm#data-ink_ratio

LIS 504 - Graphic displays of data - Netscape

Eile Edit “iew Go Communicator Help

& commen example of a high lie factor occurs when both dimensions of a =l
two-dimensional figure are made propottional to the same data, so that the size of the
fgure 15 proporiional to the square of the data; for mstance,

|Year |Bunks circulated

2001 |1gg EL]
2002 |1 [EL]

2003 - ||

Ln example of a low ke factor can be seen i the "Cones" custom chart format i

Microsoft Excel

The heights of the (truncated) cones are proportional to the data, but their areas on
the screen and thewr apparent volumes make the larger data values seem relatively

stmadl.

[T &

VVRIGIT STATE = (== | |Document: Done
UNIVERSITY
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6 Quality of Visualization

How to Exaggerate with Grapns
fromTFufte283

THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice

1975 1990
16.0% 12.0%

Las Angeles Times, August 5, 1979, p. 3
1: 2,247 RAND T MOPLLATION
— 8.023 Doctors
M. , _ i ;
WRIGHT STATE Department of Computer Science and Engineering

UNIVERSITY
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How to Exaggerate with Grapns

from—Tufte

6 Quality of Visualization

0D

WRIGI—IT STATE
UNIVERSITY

OJ

Washington Post, October 35, 1978, p. 1.

Department of Computer Science and Engineering 6.0



6 Quality of Visualization

Howard Wainer
How to Data Badly (Video)

http://www.dartmouth.edu/~chance/ChanceLecture/AudioVideo.html

WRIGHT STATE Department of Computer Science and Engineering .95
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http://www.dartmouth.edu/~chance/ChanceLecture/AudioVideo.html

Rules of Thumb

6 Quality of Visualization

Guidelines and considerations, not absolute rules
—when to use 3D? when to use 2D?
—when to use eyes instead of memory?
—when does immersion help?
—when to use overviews?
—how long is too long?
—which comes first, form or function?

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Unjustified 3D all too common, in the news
and elsewhere

Most innovative carmakers for communications

systems (index score*) Convictions in London for class A drug supply.

29.1 281 31.6 198 20.1 239 133
VY VVYVYVYVYY
= hil.
| ’

V VWAudi
V' Mercedes
V BMwW
V loyora
; o ® White: 811
¥ Hyundai Black: 1082
Asian: 221
© Mixed Race: 145
® NS (Not Stated): 182
‘ , ‘ i Other: 42
Most innovative carmakers for driver assistance i A l l
systems (index score”) 69.7 654 380 310 271 262 219
TR _ o
WRIGHT STATE Department of Computer Science and Engineering 607
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http://viz.wtf/post/139002022202/designer-drugs-ht-ducqn
http://viz.wtf/post/137826497077/eye-popping-3d-triangles

6 Quality of Visualization

Depth vs power of the plane

high-ranked spatial position channels: planar spatial position
—not depth!

(®» Magnitude Channels: Ordered Attributes

Position on common scale '—._'I -~

Position on unaligned scale '_'_', -—i

Length (1D size) -——

Tilt/angle | S

Area (2D size) - = ml

Depth (3D position) e H——e

[ Ly : . .

WRIGHT STATE Department of Computer Science and Engineering 6.08
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6 Quality of Visualization

Depth vs power of the plane

high-ranked spatial position channels: planar spatial position
—not depth!

(® Magnitude Channels: Ordered Attributes

- Position on common scale '—._'I -~
t  Position on unaligned scale '_'_', -~
Length (1D size) -——
Tilt/angle | S
Area (2D size) - = ml
Depth (3D position) e H——e
[T : . .
WRIGHT STATE Department of Computer Science and Engineering 6-09
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6 Quality of Visualization

Depth vs power of the plane

high-ranked spatial position channels: planar spatial position
—not depth!

(® Magnitude Channels: Ordered Attributes

Position on common scale '—._'I -~
t  Position on unaligned scale '_'_', -~
Length (1D size) B -——
Tilt/angle | S
Area (2D size) - = ml
r Depth (3D position) : e I—:o
WRI STA'—}E Department of Computer Science and Engineering 6-100
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6 Quality of Visualization

Depth vs power of the plane

high-ranked spatial position channels: planar spatial position

—hot depthl Steven’s Psychophysical Power Law: 5= IV
(® Magnitude Channels: Ordered Attributes
Position on common scale : o ‘ I| 5
©
. Position on unaligned scale ' ', ' —i JS,
Length (1D size) e — =
S
(]
Tilt/angle | S e
Area (2D size) - =l
Depth (3D position) —e —>e Physical Intensity
T _ o
WRIGHT STATE Department of Computer Science and Englneerlng 6-101
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6 Quality of Visualization

No unjustified 3D: Danger of depth

we don't really live in 3D: we see in 2.05D
—acquire more info on image plane quickly from eye movements
—acquire more info for depth slower, from head/body motion

Thousands of points up/down and left/right

p—

»)

(c»‘\
&
?
00)
\O
?
’\-
69

R

O(\
v

—
—
—
—1
=

We can only see the outside shell of the world

WRIGHT STATE Department of Computer Science and Engineering 6102
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6 Quality of Visualization

Occlusion hides information

occlusion
Interaction can resolve, but at cost of time and cognitive load

WRIGHT STATE Department of Computer Science and Engineering 6103
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6 Quality of Visualization

Perspective distortion loses information

perspective distortion
—interferes with all size channel encodings
—power of the plane is lost!

[Visualizing the Results of Multimedia Web Search
Engines. Mukherjea, Hirata, and Hara. InfoVis 96]
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3D vs 2D bar charts

6 Quality of Visualization

3D bars:
very difficult to justify!
—perspective distortion
—occlusion

faceting into 2D almost
always better choice

Graph Design 1.Q. Test

Question 7: Which graph makes it easier to determine R&D’s travel expense?

2006 Expenses by Department

Milions of USD

2006 Expenses by Department in Millions of USD

) 3-D Bar Graph (left)

(&) 2-D Bar Graphs (below)

WRIGHT STATE Department of Computer Science and Engineering 6-105
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http://win.vergari.com/acquariofilia/salmastro02.asp

6 Quality of Visualization

Tilted text isn’t legible

text legibility
—far worse when tilted from image plane

further reading

Exploring and Reducing the Effects of Orientation
on Text Readability in Volumetric Displays.
Grossman et al. CHI 2007

[Visualizing the World-Wide Web with the Navigational View Builder.
Mukherjea and Foley. Computer Networks and ISDN Systems, 1995.]

[TTTEf . . .
WRIGHT STATE Department of Computer Science and Engineering 6-106
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6 Quality of Visualization

No unjustified 3D example: Time-series data
extruded curves: detailed comparisons impossible

Total KW-consumption ECN

WRIGHT STATE Department of Computer Science and Engineering 6107
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6 Quality of Visualization

No unjustified 3D example: Transform for new data
abstraction

derived data: cluster hierarchy
juxtapose multiple views: calendar, superimposed 2D curves

=3z employees Cluster viewer

januari februari (c) ECN 1998
6 1320 27
7142128
8152229
9 16 23 30
3 10 17 24 31

Graphs

— 51211997
— 31/12/1997
—— Cluster 710
— Cluster 718
—— Cluster 719
— Cluster 721
— Cluster 722

WRIGHT STA'—}E Department of Computer Science and Engineering 6-108
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6 Quality of Visualization

Justified 3D: shape perception

benefits outweigh costs = Targets
when task is shape ® Spatial Data
perception for 3D spatial > Shape
data g

—interactive navigation
supports synthesis across
many viewpoints

[Tl [ &

WRIGHT STATE Department of Computer Science and Engineering 6109
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6 Quality of Visualization

Justified 3D: Economic growth curve

. . . A 3-D View_of a Chart That'Predicts
constrained navigation THEASCRIDITHS RO Te: o MiEiEas
steps through carefully B
designed viewpoints

Yield curve 101 |

The yield curve shows how much it costs the federal ’
government to borrow money for a given amount of time,
revealing the relationship between long- and short-term

u infla
how thy growth will be over the years ahead i
embodied in the price of money today, tomorrow and many
years from now.

WRIGHT STATE Department of Computer Science and Engineering 6110
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http://www.nytimes.com/interactive/2015/03/19/upshot/3d-yield-curve-economic-growth.html

6 Quality of Visualization

No unjustified 3D
3D legitimate for true 3D spatial data

3D needs very careful justification for abstract data
— enthusiasm in 1990s, but now skepticism
— be especially careful with 3D for point clouds or networks

WRIGHT STATE Department of Computer Science and Engineering 6411
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6 Quality of Visualization

No unjustified 2D

consider whether network data requires 2D
spatial layout
—especially if reading text is central to task! @ Targets

—arranging as network means lower information

_ (3 Network Data
density and harder label lookup compared to text

lists - Topology |
benefits outweigh costs when topological ZeR S
structure/context important for task > Paths
—be especially careful for search results, document ya

collections, ontologies

WRIGHT STATE Department of Computer Science and Engineering 6112



6 Quality of Visualization

Eyes beat memory

principle: external cognition vs. internal memory
—easy to compare by moving eyes between side-by-side views
—harder to compare visible item to memory of what you saw

Implications for animation
—great for choreographed storytelling
—great for transitions between two states

—poor for many states with changes everywhere
consider small multiples instead

literal abstract
animation small multiples
“Show time with time show time with space g

WRIGHT STATE Department of Computer Science and Engineering 6113



6 Quality of Visualization

Resolution beats immersion

iImmersion typically not helpful for
abstract data

—do not need sense of presence or
stereoscopic 3D

_n_ _ 1 _ __ - _ - _ aa _ _ £ _ __ _ __ N
-—

B\Head Mounted Display 9l Rotatable
i 'S 3 push button
e, Physical Axes

{
v ’,;:,_
L\
V|rtual Wrreframe

data dI hcuﬂt tc- Justity

Se@\d\'}wa\@partﬁdﬁ( ﬁMcRputer Science and Engineering 5114

UNIVERSITY
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6 Quality of Visualization

Overview first, zoom and filter, details on demand

Influential mantra from Shneiderman

overview = summary

—microcosm of full vis design problem & Query
= |dentify = Compare = Summarise

o R

¥t

N

N

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6415
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http://win.vergari.com/acquariofilia/salmastro02.asp

6 Quality of Visualization

Rule of thumb: Responsiveness is required

visual feedback: three rough categories

—0.1 seconds: perceptual processing
subsecond response for mouseover highlighting - ballistic motion

— 1 second: immediate response
fast response after mouseclick, button press - Fitts’ Law limits on motor control

— 10 seconds: brief tasks
bounded response after dialog box - mental model of heavyweight operation (file load)
scalability considerations
—highlight selection without complete redraw of view (graphics frontbuffer)
—show hourglass for multi-second operations (check for cancel/undo)
—show progress bar for long operations (process in background thread)
—rendering speed when item count is large (guaranteed frame rate)

WRIGHT STATE Department of Computer Science and Engineering 6116



6 Quality of Visualization

Function first, form next

dangerous to start with aesthetics
—usually impossible to add function retroactively

start with focus on functionality
—possible to improve aesthetics later on, as refinement
—Iif no expertise in-house, find good graphic designer to work with

—aesthetics do matter! another level of function
visual hierarchy, alignment, flow
Gestalt principles in action

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Form: Basic graphic design ideas
proximity

—do group related items together

—avoid equal whitespace between unrelated
alignment

— do find/make strong line, stick to it

— avoid automatic centering

repetition

—do unify by pushing existing consistencies
contrast

— if not identical, then very different

—avoid not quite the same

The Non-Designer’s Design Book, 4th ed. Robin Williams, Peachpit Press, 2015.
— fast read, very practical to work through whole thing

WRIGHT STATE Department of Computer Science and Engineering 6118



Best practices: Labelling

6 Quality of Visualization

make visualizations as self-documenting as possible

—meaningful & useful title, labels, legends
axes and panes/subwindows should have labels
—and axes should have good mix/max boundary tick marks

everything that’s plotted should have a legend
—and own header/labels if not redundant with main title

use reasonable numerical format

—avoid scientific notation in most cases

T THINK WE SHOULD
GIVE IT ANCTHER SHOT.

ua‘s»w&nm
UP AND L (AN
Pawr: I

Mc

OUR RELATIONSHIP

N

£

MAYRE YOU'RE RIGHT.

{ T KvEw DATA WD CONVINGE YOU.

NO, T JUST THINK L CAN DO
BEMER THAN EI)I‘EDM:'U{&
DOESN'T LABELHER AXES.

i

WRIGHT STATE
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https://xkcd.com/833/

6 Quality of Visualization

Rules of Thumb Summary

No unjustified 3D
—Power of the plane
—Disparity of depth
—QOcclusion hides information
—Perspective distortion dangers
—Tilted text isn’t legible

No unjustified 2D

Eyes beat memory

Resolution over immersion

Overview first, zoom and filter, details on demand
Responsiveness is required

Function first, form next

WRIGHT STATE Department of Computer Science and Engineering 6120



6 Quality of Visualization

Arranging Tables

WRIGHT STATE
UNIVERSITY

Department of Computer Science and Engineering
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6 Quality of Visualization

Focus on Tables

@ Dataset Types

o ” fl> Networks >

{ > Tables’

- Fields (Continuous) > Geometry (Spatial)

Attributes (columns)

o

Link Grid of positions

Node

X (item) cell & B
‘ _ ‘Ziﬁ Position

Attributes (columns)

> Trees >

e

'_ 2 Multidimensional Table

«l )

AXh Value in cell

Key 2

.4—- Value in cell

Attriblb‘

WRIGHT STATE Department of Computer Science and Engineering 6122
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6 Quality of Visualization

Keys and values

key
—independent attribute
—used as unique index to look up items
—simple tables: 1 key
—multidimensional tables: multiple keys

value
—dependent attribute, value of cell

= Tables

Attributes (columns)

»
L

Items

(rows) l T

Cell containing value

= Multidimensional Table

) b

Key 2

.4— Value in cell

Attribm
WRIGHT STATE Department of Computer Science and Engineering 6123
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6 Quality of Visualization

Keys and values

key

—Iindependent attribute

= Tables

Attributes (columns)

»
»

—used as unique index to look up items -

—simple tables: 1 key "°W5’l T
—multidimensional tables: multiple keys Cell containing value
Value 2 Multidimensional Table

—dependent attribute, value of cell )
classify arrangements by keys used
—O’ 1’ 2’ . Attrbums\.:—\!alueincell
2> KeysO = 1 Key > 2 Keys
List Matrix
(® Express Values
® I > EEEEE E
TR _ _ _
WRIGHT STATE Department of Computer Science and Engineering 6-124
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6 Quality of Visualization

ldiom: scatterplot

express values (magnitudes)
—quantitative attributes @ Express Values °

no keys, only values —] >

WRIGHT STATE Department of Computer Science and Engineering 6125
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6 Quality of Visualization

ldiom: scatterplot

express values (magnitudes)
—quantitative attributes @ Express Values °

no keys, only values — >

—data
2 quant attribs
—mark: points

—channels
horiz + vert position

15000 -

10000 -

price

5000 -

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]
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6 Quality of Visualization

ldiom: scatterplot

express values (magnitudes)
—quantitative attributes ® Express Values °

no keys, only values —it >

—data
2 quant attribs

—mark: points
—channels

horiz + vert position
—tasks

find trends, outliers, disti ! ) ! )
—scalability

hundreds of items

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]
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6 Quality of Visualization

Scatterplots: Encoding more channels

additional channels viable since using point marks
—color

—size (1 quant attribute, used to control 2D area)
note radius would mislead, take square root since area grows quadratically

—shape

80

B0~

Pl
&
1

E}
e
]
. @
5
B
.
e
—.
o
Oon
e’ .
o
L ]
-
>
-

+ 44 ¢ LA U]
55 | + ¢+
0 o + L] L + 4+
e 9+« © + 4 ! + 4 !
hitps://iwww.d3-graph-gallery.com/graph/bubble basic.html hitps:/lobservablehq.com/@d3/scatterplot-with-shapes
TR
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https://observablehq.com/@d3/scatterplot-with-shapes
https://www.d3-graph-gallery.com/graph/bubble_basic.html

6 Quality of Visualization

Scatterplot tasks

correlation

Perfect High Low Low High Perfect
Positive FPositive Positive No Negative Negative Negafive
Correlation Correlation Correlation Correlation Correlation Correlation Correlation
[ ) i 1
| | MR ",
| o |
o
- @ o
a® | N &
|____b ) . . | * o @
1 0 -0.5 -0.9 -1

https:/imww.mathsisfun.com/data/scatter-xy-plots.html

WRIGHT STA'—}E Department of Computer Science and Engineering
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https://www.mathsisfun.com/data/scatter-xy-plots.html

6 Quality of Visualization

Scatterplot tasks

correlation

Perfect High Low Low High Perfect
Positive FPositive Positive No Negative Negative Negafive
Correlation Correlation Correlation Correlation Correlation Correlation Correlation

Il 1 i i I 'l
, i : | 0 . _Tx- . }"Iuc
o a® o' o - | a L) o
ol : & . & . ¥
- .
o ®
k-
A - - - k - e e s e ——

1 0.9 0.5 0 -0.5 -0.9 -1

https:/iwww.mathsisfun.com/data/scatter-xy-plots.html

clusters/groups, and clusters vs classes

. . . :'.o l .;“\ . o :'.o ‘ .;:} ¥ .. '.:-::-:'-.'-
* .' * . -: HI . n“ f " . . c.‘ .’ e - . ) :-::.':-:0 .:
. . e '- -: . . .. . .. I TI- .
* ' L. .’.‘: et ....' :D:'.:
. Y . Y
. * . {'-%o * {'4%. ¢
: gy PR

WRIGHT STATE Department of Computer Science and Engineering
UNIVERSITY

6-130


https://www.mathsisfun.com/data/scatter-xy-plots.html
https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/

6 Quality of Visualization

Some keys

2> Keys)

® Express Values'_;

v

WRIGHT STATE Department of Computer Science and Engineering 6131
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6 Quality of Visualization

Some keys: Categorical regions

> Separate > Order > Align

WRIGHT smﬁfg Department of Computer Science and Engineering 6132
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6 Quality of Visualization

Regions: Separate, order, align

regions: contiguous bounded areas distinct from each other
—separate into spatial regions: one mark per region (for now)

use categorical or ordered attribute to separate into regions
—no conflict with expressiveness principle for categorical attributes

use ordered attribute to order and align regions

> 1Key 2> 2 Keys
List Matrix
|

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Separated and aligned and ordered

best case

WRIGHT STATE Department of Computer Science and Engineering 6134
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6 Quality of Visualization

Separated and aligned but not ordered

limitation: hard to know rank. what's 4th? what's 7th?

EEEEE

mmmmm
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i 7 £ g 3 i § g & g g 5 i
g 8 £ a2 & 5 g & g e g8 & 2 F B

@

u

0

E

N

-

8

a9 |

?u ‘

tg

WRIGHT STATE Department of Computer Science and Engineering 6135
UNIVERSITY



6 Quality of Visualization

Separated but not aligned or ordered

limitation: hard to make comparisons with size (vs aligned position)

WRIGHT STATE Department of Computer Science and Engineering 6136
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6 Quality of Visualization

ldiom: barx chart

one key, one value

100 100
—data 7 =
_ _ 2 75 =2 75
1 categ attrib, 1 quant attrib = £
. % 50 .g 50
—mark: lines S % I 2 25 I
<< <
—channels o . y o W
\Q’b\ (& o° & ~o"’,’& \o?}fb
length to express quant value R & RO
spatial regions: one per mark Animal Type Animal Type

—separated horizontally, aligned vertically

—ordered by quant attrib
» by label (alphabetical), by length attrib (data-driven)

—task
compare, lookup values

—scalability
dozens to hundreds of levels for key attrib [bars], hundreds for values

TR LT
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6 Quality of Visualization

ldiom: stacked bar chart

one more key

—data
2 cateqg attrib, 1 quant attrib

—mark: vertical stack of line marks
glyph: composite object, internal structure from multiple marks

—channels
length and color hue ]
spatial regions: one per glyph N

—aligned: full glyph, lowest bar component

30

—unaligned: other bar components
—task
part-to-whole relationship

—scalability: asymmetric T e e
https://www.d3-graph-

for stacked key attrib, 10-12 levels [segments]

for main key attrib’ dozens to hundreds of levels [bars] gallery.com/graph/barplot stacked basicWide.html

WRIGHT STATE Department of Computer Science and Engineering 6138
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https://www.d3-graph-gallery.com/graph/barplot_stacked_basicWide.html

6 Quality of Visualization

|diom: streamgraph

generalized stacked graph e —— “
| v\

—emphasizing horizontal continuity
vs vertical items

—data
[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans. Visualization
1 Categ key attri b (movies) and Computer Graphics (Proc. InfoVis 2008) 14(6): 1245-1252, (2008).]

1 ordered key attrib (time)
1 quant value attrib (counts)

—derived data

geometry: layers, where height
encodes counts

1 quant attrib (layer ordering)

WRIGHT smﬁfg Department of Computer Science and Engineering 6139
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6 Quality of Visualization

ldiom: streamgraph

generalized stacked graph

— emphasizing horizontal continuity
vs vertical items

— data
1 categ key attrib (movies)
1 ordered key attrib (time)
1 quant value attrib (counts)

— derived data

geometry: layers, where height encodes
counts

1 quant attrib (layer ordering)

— scalability
hundreds of time keys

dozens to hundreds of movies keys

— more than stacked bars: most layers don’t
extend across whole chart

[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans. Visualization
and Computer Graphics (Proc. InfoVis 2008) 14(6): 1245-1252, (2008).]

al Treasure: Bot

https:/flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-years/

WRIGHT STATE Department of Computer Science and Engineering 6-140
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https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-years/

6 Quality of Visualization

ldiom: dot / line chart

)
nn o

one key, one value

—data
2 quant attribs
—mark: points
AND line connection marks between them %
—channels
aligned lengths to express quant value 20

separated and ordered by key attrib into
horizontal regions

Cat Weight (lbs)
o

Avg Weight (Ibs)
o

—task
5
0
q/QQD‘ ,196’ r]/QQ(O WQQ’\ @QQ} ’196” @\Q ’19\\
Year
THRETT _ . :
WRIGHT STATE Department of Computer Science and Engineering 101
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6 Quality of Visualization

ldiom: dot / line chart

)
nn o

one key, one value

Cat Weight (lbs)
)

—data
2 quant attribs >
—mark: points LN
) ; H$ O A PO O AN
AND line connection marks between them ST S
—channels Year
aligned lengths to express quant value 20
separated and ordered by key attrib into S 1z
horizontal regions b=
9 10
—task g
find trend 2 >
— connection marks emphasize ordering of items 0 S
along key axis by explicitly showing relationship O L O L PN
between one item and the next BT AT AT A A AP
—scalability Year
hundreds of key levels, hundreds of value
levels
WRIGHT STATE Department of Computer Science and Engineering 6142



Choosing bar vs line charts

6 Quality of Visualization

depends on type of key ey
attrib i
—bar charts if categorical 0
—line charts if ordered o
do not use line charts for f
categorical key attribs i
—violates expressiveness °
principle

implication of trend so strong
that it overrides semantics!

—“The more male a person is,
the taller he/she is”

Female Male

10-year-olds  12-year-olds

Height (inches)

Height (inches)

- N W h~ WU
o O O ©o o ©

- N W~ U O
o ©O O O o O o

/

Female Male

/

10-year-olds  12-year-olds

TR LT
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6 Quality of Visualization

Chart axes: label them!

best practice to label
—few exceptions: individual small multiple views could share axis label

T THINK WE SHoULD MAYBE YOURE RIGHT.
GIVE IT ANCTHER SHOT. (T oW DATA oD CONVINCE YOU.
\"5oem | | ax mmase mmmm
“ervem || 4 HOH. DOESN'T LABELHER AXES,

R AT f\oﬁ }% %

WRIGHT STATE Department of Computer Science and Engineering 6-144
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https://xkcd.com/833/

6 Quality of Visualization

Chart axes: avoid cropping y axis

iInclude O at bottom left or slope misleads

If Bush Tax Cuts Expire

[ Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6145
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6 Quality of Visualization

Chart axes: avoid cropping y axis

I n |

. III I 1]

e uih Wy

} oy o ,",i. JI il Ih\_ | II il /'J
T T =

include O at bottom left or slope misleads ™ ™

—some exceptions (arbitrary 0, small change matters) e st dhs o

wvalue, not from zero, are important

A - —
If Bush Tax Cuts Expire ! v i i
An o e e

¥
wlin e

Pt fmae Al SR . S N, AT
- == .'| o

(b} Index charts compare to an indexed value
rather than zero.

34 0
oy Jan 1, 22979 Fiow dan 1, 2008

Seaerane gobal temperature by yeas .

M (c) Stock charts must show small differences in
"1 stock value, as these can translate to enormous
' - monetary gains or losses.
na

5 5 A

EE

MW 4 EETEEDE

Il s
i L
) ] - Tl
[Truncating the Y-Axis: Threat or Menace? ;.W_‘.“”'”_Wﬁfq T HHH
COFFG”, Bertini, & Franconeri, CHI 2020] (d}CIimteAnomalychz.:s rely on both highlight-

ing deviation from a non-zero expected value but
also emphasize the potentially disastrous impact
of even minute changes in climate.
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6 Quality of Visualization

ldiom: Indexed line charts

data: 2 quant attribs

California State Revenues et over State Seal
J— 1 key + 1 Value MM for Instructions

How d C Irf \am k ged o t AI k tth p tEEI,-‘ fCaIi‘l’ornia
s al income tax

derived data: new quant value attrip s S

1951 2012 So of Revenue
. Created by: Ben Jones
Q D (Al i @DataRemixed

—index

—plot instead of original value -
p g é $20,000M \/\/—\

task: show change over time 5

2 510,000M
£
o

$40,000M

—principle: normalized, not absolute

scalability | \

5 (510,000M)

—same as standard line chart

Dt Source: hitp: o.ca flacapp/LAD| flac_menu .t iCs.aspx
Downlo; dth Dt hﬂp-‘\ I .govisections/econ_fiscal'Historical Revenues xlsx

WRIGHT STATE Department of Computer Science and Engineering 6147
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https://public.tableau.com/profile/ben.jones#!/vizhome/CAStateRevenues/Revenues

6 Quality of Visualization

ldiom: Gantt charts

antt Chart: Sample Client

Task 7

one key, two (related) values
—data :
1 categ attrib, 2 quant attribs ::Z_-
—mark: line resi [ LA

Jan 2016 Apr 2016 Jul 2016 Oct 2016

length: duration

—channels

horiz position: start time
(+end from duration)

—task

emphasize temporal overlaps & start/end
dependencies between items

—scalability
dozens of key levels [bars]
hundreds of value levels [durations]

T 11 _ : :
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|diom: Slopegraphs

two values

—data
2 quant value attribs

(1 derived attrib: change
magnitude)

—mark: point + line
line connecting mark between pts
—channels
2 vertical pos: express attrib value
(linewidth/size, color)
—task
emphasize changes in rank/value
—scalability
hundreds of value levels

6 Quality of Visualization

Barclay's Premier League Tables:

Select

20122013 Points - 2013/2014
(played 13) Clubs to include: (played 15)
Manchester Uinited. 36 (Al -
Arsenal .3
Manchester City, 33
Liverpool. 30
Manchester City, 29
Everton, 28

Tottenham Hotspur, 27

‘West Bromwich Albion, 26 Mewcastle United, 26

Everton, 23
‘West Ham United, 22

Southampton, 23

Manchester United, 22

Arsenal L. 21
Liverpool. 19 Aston Villa, 19
Fulham, 17 Stoke City, 17

West Bromwich Albion,

Mewcastle United, 14
Sunderland. 13
Southampton, |2

West Ham United, |3

ozens!of items

WRIGHT STATE
UNIVERSITY

Department of Computer Science and Engineering
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Comparing 2012/2013 Starts to 2013/2014 Starts

. Better


https://public.tableau.com/profile/ben.jones#!/vizhome/Slopegraphs/Slopegraphs

6 Quality of Visualization

2 Keys

2> Keys)

(® Express Values

. : >

WRIGHT STATE Department of Computer Science and Engineering 6150
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6 Quality of Visualization

ldiom: heatmap

two keys, one value

—data | | ) > 2 Keys
2 categ attribs (gene, experimental condition) Matrix
1 quant attrib (expression levels)

—marks: point

separate and align in 2D matrix
—indexed by 2 categorical attributes

—channels

color by quant attrib
— (ordered diverging colormap)

—task
find clusters, outliers
—scalability
1M items, 100s of categ levels, ~10 quant attrib levels

WRIGHT STATE Department of Computer Science and Engineering 6151



6 Quality of Visualization

Heatmap reordering

Correlation Matrix: Variables in Alphabetical Order Correlation: Variables in Clustered Order
1.0 1.0
Cylinders Length
EngineSize Wheelbase
Haorsepower —0.5 Weight 05
Invoice - EngineSize -
Length - Cylinders —
0.0 —0.0
MPG_City Horsepower
MPG_Highway MSRP —
MSRP 05 Invoice 05
Weight MPG_Highway -
Wheelbase MPG_City o
T T T T 1.0 T T T T :
<, fa) 4
%, %, T b, T R Ty B %y e B, %, S T Ty P R
R ) KR N 2 T G T, % % Y ey % % I Y=
% % T, % % : ! s e o, %
@ A ”1%;’ T R 1,;;’

i >N

WRIGHT STA“TE Department of Computer Science and Engineering 6-152
UNIVERSITY


https://blogs.sas.com/content/iml/2018/05/02/reorder-variables-correlation-heat-map.html

6 Quality of Visualization

ldiom: cluster heatmap

In addition
—derived data
2 cluster hierarchies

—dendrogram

parent-child relationships in tree
with connection line marks

leaves aligned so interior branch
heights easy to compare
—heatmap

marks (re-)ordered by cluster
hierarchy traversal

task: assess quality of clusters
found by automatic methods

WRIGHT STATE Department of Computer Science and Engineering 6.153



6 Quality of Visualization

Tables

WRIGHT STATE
UNIVERSITY
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6 Quality of Visualization

® Axis Orientation
{'> Rectilinear § = Parallel

11

WRIGHT STATE Department of Computer Science and Engineering 6155
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6 Quality of Visualization

Idioms: radial bar chart, star plot

star plot
—line mark, radial axes meet at central point

radial bar chart > AN P
: : : P
—line mark, radial axes meet at central ring 1
—channels: length, angle/orientation

bar chart
—rectilinear axes, aligned vertically

accuracy

—length not aligned with radial layouts
less accurately perceived than rectilinear aligned

- ‘.;"_l " . o . . ] ]
WRIGHT STATE Department of Computer Science and Engineering 156
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Idiom: radar plot

6 Quality of Visualization

radial line chart
—point marks, radial

layout

—connecting line
marks

Sunderland |

Swansea City i

West Ham United P

West Bromwich Albion

Hotspur

avoid unless data is
cyclic

Stoke City 7, )

Southampton

Norwich City ™

Newcastle United T

Manchester United

. Aston Villa
- Cardiff City
Chelsea
A '\ Crystal Palace
Evertol
"7 Fulham
Hull City
Liverpool
o Manchester City

=#—\/iolent Disorder
== Public Disorder
==fe=Missile Throwing
== Racist or Indecent Chanting
=#=Pitch Incursion
—@—Alohol Offences
Ticket Touting
Possession of Offensive Weapan
Use or Possession of Fireworks or Flares
Breach of Banning Order

Offences against Property

TR LT
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6 Quality of Visualization

“Radar graphs: Avoid them (99.9% of the time)”

original
difficult to
interpret

O grifico mostra os percentiais odtidos
Dor Dlma, Seira e Marina o cad Extado
A concentrag$o dos wotos de DIms no
Nordeste fica eviderte

Ossinaisda

Dispta de 2000 fol parecida com a de 2006
Averto Cabe,

OPRIMEIRO TURNO 4 #4130 prasidencial Ge 2010 ol
2006,

Rousself teve apenas 17

atrds A

Déessa vez e a disputa ol Lm powco menos polirizada

0!
entre 0 tuCano Josd Serma ¢ 2 verde Marina Silva.

Eleitores 135804433, abstencio: 24610 296 (18)2%)
36%).

2478340 264 (551%)

Candidatos ooy Votos Ditma, Marina e Serra b
. : g Pontats s pmioosrsseripoe s ———
Otve Rousselt on — AGO% (11431434 P e
Jose Seraamen — J20% D02 250 Lotz eerdcam o cone
Marna Sdvaowy R (19636355 SANASSSIEA ‘ Py
4 —A—.‘ 3 3
— ) Com e L .
Piose w0 Ll Ted S 1 .,
T e HOW cach state voted imaRouscll ~ ®— JoukScra  — Marina Sike
24 Mo osne.
Ly Pt gwrm. 1002
s Pt s pCm
popomutins |

redesign for
rectilinear

| | I | i | ! | | | | | 1 | | 1 | I | 1 | | |
|1\> RO AC AM RR PA .\l; I.‘\L\ PI CE RN PR PE AL SE B:\l ?l(i ES RJ SI; Il’ sC R? i\lS GO DF M'll'

NORTH NORTH EAST SOUTH EAST SOUTH CENTER WEST

http://www.thefunctionalart.com/2012/11/radar-graphs-avoid-them-999-of-time.html
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6 Quality of Visualization

|dioms: pie chart, coxcomb chart

pie chart g
—interlocking area marks with angle channel: 2D area ol
. 20000 .WS1
varies M-
separated & ordered radially, uniform height . ) ity
—accuracy: area less accurate than rectilinear aligned line - -
length 2g- & ve2
—task: part-to-whole judgements i e
: VS1 VS2 .WS1
coxcomb chart o
—line marks with length channel: 1D leng, “* =
separated & ordered radially, uniform widtt® - I -33;2
— direct analog to radial bar charts n -
d ata 11 SI2 (S:;;;’;tS;”Q VVSeVS1IF
—1 categ key attrib, 1 quant value aitrib
TR _ . :
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6 Quality of Visualization

Coxcomb / nightingale rose / polar area chart

Invented by Florence Nightingale:

2.
APRIL 1855 ro MARCH 1856

DIAGRAM er e EAUSES or MORTALITY
IN THE ARMY IN THE EAST.

nE

Diagram of the Causes of Mortality in the Army in the East

1.
APRIL 1854 roMARCH 1855,

e,

<,
Ju, <,
Lr %,

3
g
he
N
N
Q

PR
)
%

>

%,

%y

95g \t’
Wonye ypaw®®

The Areas of the bue: red, & black wedges are cackh measured. from
the cenire as the commaon vertea:.

The blue wedges measured from the cenlre of the cirele represent area
for area the dealhs frome FPrevenidie or Mitigable Zymotie diseases, the
red wedges measured from the centre the deaths from wournds, &ile
black wedges measured. lrom the cendre the deaths from all other causes

The Wack line acress the red triangle in Nov? 1854 marks the boundary
o the deaths from all. other causes during the month.

I October 1554, & April 1855, the black area comvcides unlly the red.
wdanvary & February /859 the blue concrdes widh the black:
The enlire areas may be compared by following the blue. thered & the
black lines enclosing them

TR LT
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UNIVERSITY
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6 Quality of Visualization

Coxcomb: perception

encode: 1D length

VVS1 SI2

decode/perceive: 2D area
/
VVS2 ‘ / Si1

nonuniform line/sector width
as length increases VS VS2

— S0 area variation is nonlinear
wrt line mark length!

N P
4.6
bar chart safer: uniform
width, so area Is linear with

line mark length
—both radial & rectilinear cases

WRIGHT STATE Department of Computer Science and Engineering 6-161
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6 Quality of Visualization

Pie charts: perception

some empirical evidence that people |. ] }
respond to arc length
—decode/perceive: not angles

relative to Pie (Pr
~

Absolute Error

—maybe also areas?...

donut charts no worse than pie charts ‘ J J |
v

i

WRIGHT STATE Department of Computer Science and Engineering 6162
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https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results
https://github.com/dwskau/arcs-angles-area

6 Quality of Visualization

Pie charts: best practices

not so bad for two (or few) levels, for part-to-whole task

https://eagereyes.org/pie-charts

WRIGHT smﬁfg Department of Computer Science and Engineering 6163
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https://eagereyes.org/pie-charts

6 Quality of Visualization

Pie charts: best practices

not so bad for two (or few) levels, for part-to-whole task
dubious for several levels if details matter

A B
1
5 5 1
2
4 2
4
3 3

25 25 25

20 l 20 20_..
lanl I el I AT
ol | e | L e | I
e U JiEr i
Jien e e

https://eagereyes.org/pie-charts

T _ _ ,
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https://eagereyes.org/pie-charts

6 Quality of Visualization

Pie charts: best practices

not so bad for two (or few) levels, for part-to-whole task
dubious for several levels if details matter
terrible for many levels

hitps://leagereyes.org/ple-charts

WRIGHT STA'—}E Department of Computer Science and Engineering 6165
UNIVERSITY


https://eagereyes.org/pie-charts

6 Quality of Visualization

ldioms: normalized stacked bar chart

task

=
— part-to-whole judgements
normalized stacked bar chart

fren
unders vean [l

— stacked bar chart, normalized to full vert height

_ single stacked bar equivalent to full pie i c.!!l‘l!I!!Il!!!l!!!!!!!!!!!!!!!ag;sgggm,.-mm

high information density: requires narrow rectangle

pie chart -
— information density: requires large circle -

WRIGHT STA’—}E Department of Computer Science and Engineering
UNIVERSITY
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http://bl.ocks.org/mbostock/3886208
http://bl.ocks.org/mbostock/3887235
http://bl.ocks.org/mbostock/3886394

6 Quality of Visualization

ldiom: glyphmaps

’,/”/’/\\\\\\\‘—/’,/r”“\5\\\‘///"\\\\\\‘////
rectilinear good for
linear vs nonlinear trends /\\//\/\/V\/\/\/\/\/\/W
SHOIOIOIONS
radial good for cyclic patterns O Q d@ C@ d@ d\g

—evaluating periodicity

(® Axis Orientation
b > Rectilinear § > Parallel

NN

[Tt . . .
WRIGHT STATE Department of Computer Science and Engineering 6-167
UNIVERSITY



6 Quality of Visualization

> Parallel %

¥ > Rectilinear

WRIGHT STATE Department of Computer Science and Engineering 168
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ldiom: SPLOM

6 Quality of Visualization

scatterplot matrix
(SPLOM)

—rectilinear axes,
point mark

—all possible pairs of
axes

—scalability

one dozen attribs

dozens to hundreds of
items

D. SPLOM
length
| (® Axis Orientation
: 2 Rectilinear 2 Parallel 2 Radial
‘ / P , I 111 o
+— - %o o
= height é@@
| Ottt %..
7

Wilkinson et al., 2005

VVRIGI—IT STATE
UNIVERSITY

Department of Computer Science and Engineering 6160



6 Quality of Visualization

ldioms: parallel cooxdinates

Scatterplot Matrix

Math

scatterplot limitation

—visual representation
with orthogonal axes

—can show only two
attributes with spatial

Physics

Dance

Drama

N IRNEN N
ENENRE
[T
T

Physics Dance  Drama

Table
pOSItlon Channel Math  Physics Dance Drama
85 95 70 65
90 80 60 50
65 50 90 90
50 40 95 80
40 60 80 90
THRETT _ _ _
WRIGHT STATE Department of Computer Science and Engineering 6170
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http://www.michaelmcguffin.com/courses/vis/

6 Quality of Visualization

ldioms: parallel cooxdinates

scatterplot limitation
—visual representation with orthogonal axes
—can show only two attributes with spatial

position channel

alternative: line up axes in parallel to
show many attributes with position
—item encoded with a line with n segments
—n is the number of attributes shown

parallel coordinates
—parallel axes, jagged line for item
—rectilinear axes, item as point
axis ordering is major challenge

— scalability
dozens of attribs
hundreds of items

Scatterplot Matrix

Math I

[+,

T

Dance

y

Drama

Math

Math

85
90
65
50
40

L
=

Physics Dance

Table

SENEA R
BE
L

Drama

Physics Dance Drama

95
80
50
40
60

70
60
90
95
80

65
50
90
80
90

Math

4

1001

=

L

Parallel Coordinate:

b A

VVRIGI—IT STATE
UNIVERSITY

Department of Computer Science and Engineering
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http://www.michaelmcguffin.com/courses/vis/

Task: Correlation

6 Quality of Visualization

No

Low High Perfect
Negative Negative Negative

Correlation Correlation Correlation Correlation
L [ [}

PO Posiie
Greiton_ Corraaton_ Corvlaion
scatterplot matrix i ._
— positive correlation 1 05 03 0
diagonal low-to-high | |
—negative correlation ‘ _ i'“
diagonal high-to-low \\ ; -
—uncorrelated: spread out - 4\ %
parallel coordinates -

— positive correlation
parallel line segments

— negatlve correlation

all segments cross at halfway pomt c

—uncorrelated
scattered crossings

—

0.5  -0.9 1

hitps://www.mathsisfun.com/data/scatter-xy-plots.htmi
a

Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lustrating
orrelations of p = 1, .8,.2,0, —.2, —.8, and —1.

VVRIGI—IT STATE
UNIVERSITY

Department of Computer Science and Engineering 6.172


https://www.mathsisfun.com/data/scatter-xy-plots.html

6 Quality of Visualization

Parallel coordinates, limitations
visible patterns only between neighboring axis pairs

how to pick axis order?
—usual solution: reorderable axes, interactive exploration

—same weakness as many other techniques
downside of interaction: human-powered search

—some algorithms proposed, none fully solve

WRIGHT STA’—}E Department of Computer Science and Engineering
UNIVERSITY
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6 Quality of Visualization

Orientation limitations

(® Axis Orientation

2 Rectilinear

rectilinear: scalability wrt #axes L

2 axes best, 3 problematic, 4+
impossible

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6174
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6 Quality of Visualization

Orientation limitations

(® Axis Orientation

2 Rectilinear 2 Parallel
rectilinear: scalability wrt #axes ‘ T
2 axes best, 3 problematic, 4+
impossible

parallel: unfamiliarity, training time

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6475
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6 Quality of Visualization

Orientation limitations

(® Axis Orientation

2 Rectilinear 2 Parallel 2 Radial
rectilinear: scalability wrt #axes ‘ 1t X
/l\

2 axes best, 3 problematic, 4+ impossible

parallel: unfamiliarity, training time

radial: perceptual limits
—polar coordinate asymmetry )

angles lower precision than length
nonuniform sector width/size depending on radial H e
distance A n"m=m m _'rf i " mEE
—frequently problematic s a

but sometimes can be deliberately exploited!
—for 2 attribs of very unequal importance

[Uncovering Strengths and Weaknesses of Radial Visualizations - an Empirical
Approach. Diehl, Beck and Burch. IEEE TVCG (Proc. InfoVis) 16(6):935--942,
2010.]
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6 Quality of Visualization

Layout density

(® Layout Density

2 Dense 2> Space-Filling

WRIGHT STA'—}E Department of Computer Science and Engineering 6177
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6 Quality of Visualization

ldiom: Dense software overviews

17

ile

-

data: text

]
=]
=
=
=
=
=]
=
w

v||5tatements - variable width v | —

{

-
]
b

"|
e

—text + 1 quant attrib per line

derived data: = mE B =/
—one pixel high line 2 E EERE
—length according to original : ? : = = ;!

color line by attrib = £ S &

scalability ® Layout Density = E 5 - E E_E = =
— 10K+ lines > Dense EEEEEEFEES L

00000000 Executions: 22 / 200

00000000 Passed: 29 { 297

00000000 Failed: 2 7 2

00000000 = —
00000000

20000000

o000OGOOO

o000 OOGOS
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Arrange tables

6 Quality of Visualization

(3 Express Values

° : &

(® Separate, Order, Align Regions

2> Separate 2 Order
[ ll .
‘... ] ‘. LT LL
2> Align

-

> 1Key > 2 Keys
List Matrix

(® Axis Orientation
2 Rectilinear 2 Parallel 2 Radial

N
T2

(® Layout Density

&
O
)
>
w
o)

WRIG STATE Department of Computer Science and Engineering 6179
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6 Quality of Visualization

o = o

Encode . Manipulate Facet Reduce
£ ©® Arrange Map ® Change ® Juxtapose ® Filter
[ 2 > Express > Separate ; frombcategorical and ordered | o e | | . =z==z | z==z==
attributes : il e e E==——
mm
l....
3 = Color
2 Order > Align "H”.e.. "ﬁ".“:”.mn "L“’."".”:"CE @ Select ) Partition (® Aggregate
g 8 1 ===z, mmmmm
m® _ » ¥ = Size, Angle, Curvature, ... L =EE=s) mmmmm
> Use ™, ol - 1))D ® Navigate 3 Superimpose ® Embed
L 2 Shape <> . I . EM
+OomA PR (™
2 Motion .

Direction, Rate, Frequency, ...
® o ® °

¢ Co
ui=am _ o
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6 Quality of Visualization

Encode Manipulate Facet Reduce
3 Arrange @ Map ® Change 3 Juxtapose ® Filter
> Express 2 Separate frombcategorical and ordered | v @ e | | . S —
attributes : $td e 1
mm
l....
2 Color
2 Order > Align "H”.e.. "5“‘.":".‘0” "L“’."".”:"CE ® Select * Partition (® Aggregate
. . =====> EEEEE
n I R o S22z~ 33
\i’ |...l_l_l.l - Size, Angle, Curvature, ... L = LM v mmmm=
> Use ™ -u @ - 1)) ® Navigate (3 Superimpose 3 Embed
W = Shape <o ’ M
+OmA v (™
2 Motion S

Direction, Rate, Frequency, ...

e).oo

¢ Co
ui=am _ o
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6 Quality of Visualization

Chart axes
labelled axis is critical

PLANNED PARENTHOOD FEDERATION OF AMERICA:

1 1 1 Services provided by Planned Parenthood
aVO I C ro p p I n g y_ aXI S ABORTIONS UP — LIFE-SAVING PROCEDURES DOWN

2,007,311

—include 0 at bottom left

—or slope misleads L i

035,573

8B/ d 289,750 Abortions 327,000
wan

Vox

Services Provided by Planned Parenthood
PEOPLE SERVED FROM 2006 TO 2013

WRIGHT STAf}E Department of Computer Science and Engineering 6-182
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http://www.thefunctionalart.com/2015/10/if-you-see-bullshit-say-bullshit.html

6 Quality of Visualization

ldiom: dual-axis line charts

controversial

—acceptable if commensurate
—beware, very easy to mislead!

Strikeouts

1980 1985 1990 1995 2000 2005
‘Year

600

4010

Mumber of Pitchers

(=)
[=]
[=]

Source | hitp2fwww.baseball-reference.comfdeaques/MLB/pitch.shtml  Ben Jones (@DataRemixed) | 5/4/2013

TR LT
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6 Quality of Visualization

ldiom: connected scatterplots

scatterplot with line e T3
connection marks S |
. . |
—popular in journalism \\/\/_._\\ 7T NN
—horiz + vert axes: value attril | 1 ——
—line connection marks: e i
temporal order ataset: | Yellen (cropped) 4| - G Dots Am:vLabels B Grid | Add samples
—alternative to dual-axis charts 5;(
horiz: time . < \/ \
vert: two value attribs AT
empirical study iiv%»j
—engaging, but correlation GO LGS ety
unclear
WRIG STATE Department of Computer Science and Engineering 6184
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http://steveharoz.com/research/connected_scatterplot/

6 Quality of Visualization

Choosing line chart aspect ratios

1: banking to 45 (1980s)
—Cleveland perceptual argument: most accurate angle judgement at 45

Fig 7.1 Sunspot Data: Aspect Ratio 1 Fig 7.2 Annual Report: Aspect Ratio 2
35 SY&TH
1 20, 1
W ) 19|99 ZGIOU 20|01 20|02 ZDIDS
150
A 400 -
100 -
fw'-300 -
50 - 2
‘;200 -
§
°7 T 1 I T T g 100
1750 1800 1850 1900 1950
150 = |
03— i I I 0-
1750 1800 1850 1900 1950 1 1 I I 1
1999 2000 2001 2002 2003
T [ ] A
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6 Quality of Visualization

Choosing line chart aspect ratios

2. multi scale banking to 45 (2006)
— frequency domain analysis to find ratios

FFT the data, convolve with Gaussian to
smooth

— find interesting spikes/ranges in power spectrum
cull nearby regions if similar, ensure overview

— create trend curves (red) for each aspect ratio

Sunspot Cycles
Aspect Ratio = 3.96

ol W\f W\f\ﬂ W«N\%

17ur.\ wco
Aspect Ratio = 22 35

| | | | | |
1700 1750 1800 1850 1900 1950

Downloads of the prefuse toolkit
Aspect Ratio = 1.44
’ -80
’ll '. -

\ |
h ’\ |r\." l"l l’| " ||l|‘|'|.|| ||||‘ : _:‘J

\ ‘ ' |
||‘ l |",‘4°

L
o

1 | ' ) 1
200501285  2006-02-04 2005-02-14 2006.02-24 2006-02-06 2005.03-16
Aspect Ratio = 2.89
' -20
A

\ A
Na b WA ML, e
I\ M ) " Vi ’I"\H A
|'\ |||I l/‘\Ji 'n\/' | /A\ \ ‘. '\ ( y-e
A \ |'/ \/

\ '
\ Al
\ \ 20
\ / (\/ V‘ n‘
| | 1
20054 3| 25  2006.02-04 200“3 -14  2006-02-26 2006-02-06 200503-186
Aspect Ratio = 8.81

A

A -80
1’\/. A -60
\ / N \ r~
(\ \r\rf\/\_/‘\ PN \\/\/\ \-40
\\/V\/\ -20
2008 J| 25 2006.02-08 2006 J .14 2006 02 24 200864 U 06 CC‘J-G] 16

Power Spectrum

\A -100,000
T — SEUCIE o | L 1 —g
| | |
; 1 L3

Power Spectrum Aspect Ratios
N M | | | | —;o‘oou,ooo [ — EET == e
Aspect Ratios % = i - - : " " . )
T : . :
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http://vis.berkeley.edu/papers/banking

6 Quality of Visualization

Choosing line chart aspect ratios

3: arc length based aspect ratio (2011)

—minimize the arc length of curve
while keeping the area of the plot constant

—parametrization and scale invariant
—symmetry preserving
—robust & fast to compute

meta-points from this progression

—young field; prescriptive advice changes
rapidly

—reasonable defaults required deep dive into
perception meets math

equal

unequal

y=1/x

[Tl [ &

WRIGHT STATE
UNIVERSITY

Department of Computer Science and Engineering
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http://vis.stanford.edu/files/2011-ArclengthBanking-InfoVis.pdf

6 Quality of Visualization

Breaking conventions

presentation vs exploration
—engaging/evocative
—inverted y axis
blood drips down on Poe

orks ldu‘ar Allen Poe

Dl ===

WRIGHT STATE Department of Computer Science and Engineering 6-188
UNIVERSITY

The Remarkable Career of

23% Al T,

150 works



https://public.tableau.com/profile/ben.jones#!/

6 Quality of Visualization

Network Data

WRIGP STATE Department of Computer Science and Engineering 6-189
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Network data

6 Quality of Visualization

networks
—model relationships

@ Dataset Types
2

between th|ngs > Tables > Networks 2 Fields (Continuous)
ributes (columns Grid of positions
aka graphs Ariributes columns),
. . Items Link ol 4
—two kinds of items, (rows) T el
v riem
bOth can have Cell containing value (item) Attributes (columns)
attributes e
nodes 2 Multidimensional Table > Trees
links /TXI\
Key 2
tree .<—Valueincell
Attribm
—special case
—no cycles
one parent per node
WRIGHT STATE Department of Computer Science and Engineering 6150
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6 Quality of Visualization

Network tasks: topology-based and attribute-based

topology based tasks
—find paths
—find (topological) neighbors
—compare centrality/importance measures
—identify clusters / communities -
attribute based tasks (similar to table data)
—find distributions, ... \
combination tasks, incorporating both

—example: find friends-of-friends who like cats
topology: find all adjacent nodes of given node
attributes: check if has-pet (node attribute) == cat

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6101
UNIVERSITY




6 Quality of Visualization

Node-link diagrams

nodes: point marks

links: line marks

—straight lines or arcs A
—connections between nodes Free @

Intuitive & familiar B E %
Styled 7

—most common
—many, many variants

Fixed

HJ Schulz 2006

® Node-Link Diagrams

Connection Marks

« NETWORKS | « TREES

WRIGHT STAf}E Department of Computer Science and Engineering 6-192
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6 Quality of Visualization

Criteria for good node-link layouts

minimize
—edge crossings, node overlaps
—distances between topological neighbor nodes
—total drawing area
—edge bends
maximize
—angular distance between different edges
—aspect ratio disparities
emphasize symmetry
—similar graph structures should look similar in layout

WRIGHT STATE Department of Computer Science and Engineering 6193
UNIVERSITY



6 Quality of Visualization

Criteria conflict

most criteria NP-hard individually
many criteria directly conflict with each other

Minimum number m
of edge crossings Space utilization

Uniform edge Symmetry

length

Schulz 2004

WRIGHT STATE Department of Computer Science and Engineering 6-194
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6 Quality of Visualization

Optimization-based layouts

formulate layout problem as optimization problem

convert criteria into weighted cost function
—F(layout) = a*[crossing counts] + b*[drawing space used]+...

use known optimization techniques to find layout at minimal cost
—energy-based physics models

—force-directed placement
—spring embedders

WRIGHT STATE Department of Computer Science and Engineering 6195



6 Quality of Visualization

Force-directed placement

®
. Q O
physics model N
: _ . O—
—links = springs pull together Eander
(pushing nodes apart)
—nodes = magnets repulse apart
I Spring Coil
algorlth m (p%rlllri‘r?g nc:)ldes together)
—place vertices in random locations .
—while not equilibrium o o]\ eime,
calculate force on vertex R ) =
—sum of a2 /
» pairwise repulsion of all nodes %
» attraction between connected nodes %
move vertex by c * vertex_force 1 .

WRIGHT STATE Department of Computer Science and Engineering

6-196


http://mbostock.github.com/d3/ex/tree.html

6 Quality of Visualization

Force-directed placement properties

strengths

—reasonable layout for small, sparse graphs
—clusters typically visible

—edge length uniformity ST
d3-force testing ground
weaknesses
— nondeterministic =
—computationally expensive: O(n*3) for n nodes = Sy

—naive FD doesn't scale well beyond 1K nodes ==

—Iiterative progress: engaging but distracting

WRIGHT STATE Department of Computer Science and Engineering 6107


https://bl.ocks.org/steveharoz/8c3e2524079a8c440df60c1ab72b5d03

6 Quality of Visualization

ldiom: foxrce-directed placement

visual encoding

—link connection marks, node point marks ee ",
considerations s St
—spatial position: no meaning directly encoded . °. . » 7 g
left free to minimize crossings e N

— proximity semantics?
sometimes meaningful
sometimes arbitrary, artifact of layout algorithm

tension with length
—long edges more visually salient than short

tasks

—explore topology; locate paths, clusters
scalability

—node/edge density E < 4N

WRIGHT STATE Department of Computer Science and Engineering 6-198


http://mbostock.github.com/d3/ex/tree.html

6 Quality of Visualization

ldiom: circular layouts / arc diagrams (node-link)

restricted node-link layouts: lay out nodes around circle or along line
data

— original: network

— derived: node ordering attribute (global computation)
considerations: node ordering crucial to avoid

excessive clutter from edge crossings

— examples: before & after barycentric ordering

‘jé: ="
1 O It A
36 TV IR

29 .'ﬂ’ X/ <A L’jv S

WRIGHT smﬁfg Department of Computer Science and Engineering 6199
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http://profs.etsmtl.ca/mmcguffin/research/2012-mcguffin-simpleNetVis/mcguffin-2012-simpleNetVis.pdf

6 Quality of Visualization

Adjacency matrix representations

derive adjacency matrix from network

a A B C D E

A

B C B

C

D

D E E

® Adjacency Matrix |
Derived Table H EHN
En m

[l

WRIGHT STATE Department of Computer Science and Engineering 6-200
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6 Quality of Visualization

Adjacency matrix examples

(A) - L
c © ® o -
C (X) B
B A
A ©  (©
v XY Z e ABCDE

>wWOOmMm
>mO0oOm

ABCDE

HJ Schulz 2007

WRIGHT STATE Department of Computer Science and Engineering 6201
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Node order is crucial: Reordering

6 Quality of Visualization

b 5i

Fauchelevent

tie.Giienomana
Mie.Vaubos

E§§§§§§§§§ % E}%ﬁgg%ggﬁigsi

:
R

i
§
£i53

§.§§§!§5 §

£
i ;,szsszssﬁi

LB B [}

§ 's.E.. &
ﬁii_’t(3§§§§§§§§!§§Es§§§a

b Sl

1
i

R
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https://bost.ocks.org/mike/miserables/

6 Quality of Visualization

Adjacency matrix

TO
B CDETFGH

>

;

(}'{‘D E
W E D
E C
G .
H
ABCDE
IR
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UNIVERSITY



6 Quality of Visualization

Structures visible in both

38
RS CFEERSIRUEENNEEENERENURRIRYY RS R

WRIGHT STATE Department of Computer Science and Engineering 6-204
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http://www.michaelmcguffin.com/courses/vis/patternsInAdjacencyMatrix.png

6 Quality of Visualization

ldiom: adjacency matrix view

data: network

—transform into same data/encoding as heatmap ’;'ﬁ E:EE - / E\
derived data: table from network S N1/
—1 quant attrib E E)
weighted edge between nodes
— 2 categ attribs: node list x 2 gy /
visual encoding L ,. * \\NTJ\V//
—cell shows presence/absence of edge L ' e

| ,I Sl
scalability 3 A

_ 1K nodes, 1M edges .LI“'J: . . H /

[T

WRIGHT STATE Department of Computer Science and Engineering
UNIVERSITY
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6 Quality of Visualization

Node-link vs. matrix comparison

node-link diagram strengths e cllaves ——
—topology understanding, path tracing & e -
—intuitive, flexible, no training needed ) s

adjacency matrix strengths
—focus on edges rather than nodes
—layout straightforward (reordering needed)
—predictability, scalability
—some topology tasks trainable

empirical study

FRRNENLNATBRN,

27 o = \/:
\— bicliques -/

clusters < T
b ~—
\ U

[On the readability of graphs using node-link and matrix-

—node-link best for small networks [ y of _
ased representations: a controlled experiment and
. statistical analysis. Ghoniem, Fekete, and Castagliola.
—matrix beSt for large networks Information Visualization 4:2 (2005), 114-135.]

if tasks don’t involve path tracing!

WRIGHT STATE Department of Computer Science and Engineering 6-206


http://www.michaelmcguffin.com/courses/vis/patternsInAdjacencyMatrix.png

6 Quality of Visualization

ldiom: NodeTrix

hybrid nodelink/matrix ¥

e

capture strengths of
both

-“-_'.-f'

Shneiderman et al. % v

L
Plaisant et al. &] H E

WRIGHT STATE Department of Computer Science and Engineering 6207
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6 Quality of Visualization

Trees

WRIGHT STATE
UNIVERSITY

Department of Computer Science and Engineering
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Node-link trees

6 Quality of Visualization

eingold-Tilford
—tidy drawings of trees

exploit parent/child structure
—allocate space: compact but

without overlap

rectilinear and radial variants

—nice algorithm writeup
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ldiom: radial node-link tree

6 Quality of Visualization

data
—{ree

encoding
—link connection marks
—point node marks

—radial axis orientation
angular proximity: siblings

distance from center: depth in tree

tasks

—understanding topology, following paths

scalability
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http://mbostock.github.com/d3/ex/tree.html

6 Quality of Visualization

Link marks: Connection and containment

marks as links (VS. nOdeS) ® Connection (@ Containment
—common case in network drawing AN
—1D case: connection =]
ex: all node-link diagrams m = |20
emphasizes topology, path tracing
networks and trees
[&]
—2D case: containment F
[a]
ex: all treemap variants
{0 ]
emphasizes attribute values at leaves ]
size codin Node-Link Diagram Treemap
( 9)

only trees

[Elastic Hierarchies: Combining Treemaps and Node-Link
Diagrams. Dong, McGuffin, and Chignell. Proc. InfoVis 2005,
p. 57-64.]

WRIGHT STATE Department of Computer Science and Engineering 6211



6 Quality of Visualization

ldiom: treemap

data
— tree
— 1 quant attrib at leaf nodes -

=! SequolaView
e Yow teb

ol & & =1 & | foox =]

CHAPAGEFILE SYS|

encoding
— area containment marks for hierarchical structure

— rectilinear orientation

Y B

— Size encodes quant attrib it

o

tasks — = b Briss pteine  psadns
— query attribute at leaf nodes
— ex: disk space usage within filesystem

scalability
— 1M leaf nodes

> Enclosure
Containment Marks EEEE EEE EBBE

IR

WRIGHT STATE
UNIVERSITY

Department of Computer Science and Engineering 6212


https://www.win.tue.nl/sequoiaview/

6 Quality of Visualization

Ildiom: implicit tree layouts (sunburst, icicle plot)

alternative to connection and containment: position
—show parent-child relationships only through relative positions

Treemap Sunburst Icicle Plot

WRIGHT STATE Department of Computer Science and Engineering 6213
UNIVERSITY



6 Quality of Visualization

Idiom: implicit tree layouts (sunburst, icicle plot)

alternative to connection and containment: position
—show parent-child relationships only through relative positions

Treemap Sunburst Icicle Plot

WRIGHT STATE Department of Computer Science and Engineering 6214
UNIVERSITY



6 Quality of Visualization

ldiom: implicit tree layouts (sunburst, icicle plot)

alternative to connection and containment: position
—show parent-child relationships only through relative positions

Treemap Sunburst Icicle Plot

Spatial Position

WRIGHT STATE Department of Computer Science and Engineering 6215
UNIVERSITY




6 Quality of Visualization

Tree drawing idioms comparison

[Quantifying the Space-Efficiency of 2D Graphical Representations of Trees.
McGuffin and Robert. Information Visualization 9:2 (2010), 115-140.]

WRIGHT smﬁfg Department of Computer Science and Engineering 6216
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6 Quality of Visualization

Comparison: tree drawing idioms

data shown
—link relationships
—tree depth
—sibling order

[Quantifying the Space-Efficiency of 2D Graphical Representations of

Trees.
McGuffin and Robert. Information Visualization 9:2 (2010), 115—
140.]
THRETT _ : :
WRIGHT STATE Department of Computer Science and Engineering 6217
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6 Quality of Visualization

Comparison: tree drawing idioms

data shown
—link relationships
—tree depth
—sibling order
design choices
—connection vs containment link marks °

—rectilinear vs radial layout
—spatial position channels

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6218
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6 Quality of Visualization

Comparison: tree drawing idioms

data shown
—link relationships
—tree depth
—sibling order
design choices
—connection vs containment link marks
—rectilinear vs radial layout
— spatial position channels

considerations
—redundant? arbitrary?

—information density?
avoid wasting space
consider where to fit labels!

TR 1] _ . :
WRIGHT STATE Department of Computer Science and Engineering 6219
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6 Quality of Visualization

. Many, many options!

N PN
[ Check out other surveys! 2 treevis.net - A Visual Bibliography of Tree Visualization 2.0 by Hans-Jorg Schulz

v.21-0CT-2014

Dimensionality Representation Alignment Fulltext Search Techniques Shown

C00RQ ONER DEEE x 277

WRIGHT STATE Department of Computer Science and Engineering 6220
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http://treevis.net/
https://treevis.net/

6 Quality of Visualization

Arrange networks and trees

(® Node-Link Diagrams ®
Connection Marks Spatial Position

® Adjacency Matrix B

Derived Table H EHBE
H BN

e
[

(®» Enclosure

Containment Marks EEEE EEE BN
IR _ o
WRIGHT STATE Department of Computer Science and Englneerlng 6-221
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6 Quality of Visualization

Network Data with Trees

WRIGHT STATE
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6 Quality of Visualization

Multilevel networks

derive cluster hierarchy of metanodes
on top of original graph nodes R

/Cl uster A e 2

@ real vertex /

O virtual vertex
— internal spring
—— virtual spring Metanode C
------- external spring M

etanode A Metanode B

[Schulz 2004]

WRIGHT STA'—}E Department of Computer Science and Engineering 6223
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6 Quality of Visualization

ldiom: GrouseFlocks

data: compound network
—network
—cluster hierarchy atop it
derived or interactively chosen
visual encoding
—connection marks for network links
—containment marks for hierarchy
—point marks for nodes

dynamic interaction

| Graph Hierarchy 1 |

—select individual metanodes in hierarchy to

expand/contract

T 11 _ : :
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http://www.cs.ubc.ca/labs/imager/tr/2008/Archambault_GrouseFlocks_TVCG/
http://www.cs.ubc.ca/~archam
http://www.cs.ubc.ca/~tmm
http://www.labri.fr/~auber

6 Quality of Visualization

Idiom: sfdp (multi-level force-directed placement)

data: compound graph
—original: network
—derived: cluster hierarchy atop it

considerations

—better algorithm for same encoding
technique

same: fundamental use of space

hierarchy used for algorithm speed/quality
but not shown explicitly

scalability
—nodes, edges: 1K-10K
—hairball problem eventually hits
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http://yifanhu/GALLERY/GRAPHS/index1.html

6 Quality of Visualization

ldiom: hierarchical edge bundling

data

—any layout of compound network
network: software classes (nodes), import/export between classes (links)
cluster hierarchy: class package structure

—derived: bundles of edges with same source/destination (multi-level)
idiom: curve edge routes according to bundles
task: edge clutter reduction

A=0 B=025 B=05 B=0.75 B=1
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6 Quality of Visualization

Hierarchical edge bundling

works for any layout: treemap vs radial

L QuantiieSc Scale  Quantitat j= =2, Scheduler Easing Transitioner Vi: Too AuSSra Axis
“ms ) T R
- NS A Cartesian, .
5 . NV Paralle . o sodd ;
ET L |
=== NN =
\\\ﬁ\ N ninte 1 Interpolator 7
Mi Commun N 5 )
| Drag Gravi Springl S = =
ra¢ Gravi Spring | -
= = ome
ust I -
S
| CeSuMinMaAw :
1A /1t
A\ 4 / /
Inde
5 Geometry DUk v 1 RadialTreeLayout
//// £
\
Dendrogr \
\\
cal = LinkTreeLayo
el Icicle Layout
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6 Quality of Visualization

Spatial Data
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6 Quality of Visualization

Focus on Spatial

@ Dataset Types

= Tables 2> Networks

Attributes (columns)

b
»

ltems

(rows) l T

Cell containing value

Attributes (columns)

= Multidimensional Table > Trees

e

*\d\ AXh : Value in cell
Key 2

.4— Value in cell

Attriblb‘
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6 Quality of Visualization

Encode % Manipulate Facet Reduce
@ Map ® Change 3 Juxtapose ® Filter
3 Separate % from categorical and ordered .. . . S
L attributes : . " e ., S=2==
it I rest Lol mme
- __
muf® 3 = Color
: : 2 Hi < Saturation = Lumi s
> Align : P s u;n:::nce @ Select ©) Parfltlon (® Aggregate
' | . RN SS2520, 22888
- Size, Angle, Curvature, ... _— L e
-ul 12— 1))D ® Navigate ® Superimpose ® Embed
> Shape ] e
+ 0N A . =, i1
2 Motion L
Direction, Rate, Frequency, ...
® e
°* G
IR _ o
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6 Quality of Visualization

Encode Manipulate Facet Reduce
3 Arrange @ Map ® Change 3 Juxtapose ® Filter
> Express 2 Separate frombcategorical and ordered | v @ e | | . S —
attributes : $td e 1
mm
l....
= Color
2 Order > Align "H”.e.. "ﬁ".“:”.mn "L“’."".”:"CE ® Select * Partition (® Aggregate
1. . ————— EEEEE
] © L., I = B SESES 4 =SSSS
3 |...l_l_l.l - Size, Angle, Curvature, ... L = LM v mmmm=
: X -u ~— 1)))D ® Navigate ® Superimpose ® Embed
2 Shape <> o M
+OmA v (™
2 Motion S

Direction, Rate, Frequency, ...

e).oo

¢ Co
ui=am _ o
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6 Quality of Visualization

Spatial data

use given spatial position
when?

—dataset contains spatial attributes and they have primary importance
—central tasks revolve around understanding spatial relationships

examples
—geographical/cartographic data
—sensor/simulation data

WRIGHT STATE Department of Computer Science and Engineering 6232



6 Quality of Visualization

Geographic Maps
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6 Quality of Visualization

Geographic Map

Interlocking marks

shape coded

So

area coded

0

position coded

Qi‘ ~ o cannot encode another
5 attribute with these

channels, they're "taken
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6 Quality of Visualization

Thematic maps

show spatial variability of attribute ("theme")
—combine geographic / reference map with (simple, flat) tabular data

—Jjoin together

region: interlocking area marks (provinces, countries with outline shapes)
— also could have point marks (cities, locations with 2D lat/lon coords)

region: categorical key attribute in table
—use to look up value attributes

major idioms
—choropleth
—symbol maps
—cartograms
—dot density maps
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6 Quality of Visualization

ldiom: choropleth map

use given spatial data
—when central task is understanding spatial
relationships
data
—geographic geometry
—table with 1 quant attribute per region
encoding
— position:
use given geometry for area mark
boundaries

—color:
sequential segmented colormap

WRIGHT STATE Department of Computer Science and Engineering 6235
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http://bl.ocks.org/mbostock/4060606

6 Quality of Visualization

Beware: Population maps trickiness!

PET PEEVE #208:

GEOGRAPHIC PROFIE MAPS WHICH PRE
BROICALLY JUST POPULATION MAPS

WRIGHT STATE Department of Computer Science arid Engineering 6237
UNIVERSITY


https://xkcd.com/1138

6 Quality of Visualization

Beware: Population maps trickiness!

spurious correlations: most attributes

just show where people live

PET” PEEVE #208:

GEOGRAPHIC PROFIE MAPS WHICH PRE
BROICALLY JUST POPULATION MAPS
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https://xkcd.com/1138

6 Quality of Visualization

Beware: Population maps trickiness!

spurious correlations: most attributes
just show where people live

consider when to normalize by

population density

encode raw data values
—tied to underlying population
but should use normalized values

—unemployed people per 100 citizens, mean
family income

PET PEEVE #208:

GEOGRAPHIC PROFIE MAPS WHICH PRE
BROICALLY JUST POPULATION MAPS
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https://xkcd.com/1138

6 Quality of Visualization

Beware: Population maps trickiness!

spurious correlations: most attributes
just show where people live

consider when to normalize by

population density

encode raw data values
—tied to underlying population
but should use normalized values

—unemployed people per 100 citizens, mean
family income

general issue
PET PEEVE #208:

—absolute counts vs relative/normalized GEOGRAPHIC PROFLE MAPS WHICH PRE
data BRSICALLY JUST FOPULATION MAPS

—failure to normalize is common error

[T L7 . . .
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https://xkcd.com/1138

6 Quality of Visualization

Choropleth maps: Recommendations

only use when central task is understanding spatial relationships
show only one variable at a time

normalize when appropriate

be careful when choosing colors & bins

best case: regions are roughly equal sized

WRIGHT STATE Department of Computer Science and Engineering 6.241



6 Quality of Visualization

Choropleth map: Pros & cons

pros
—easy to read and understand
—well established visualization (no learning curve)
—data is often collected and aggregated by geographical regions

cons
—most effective visual variable used for geographic location

—visual salience depends on region size, not true importance wrt attribute va
large regions appear more important than small ones

—color palette choice has a huge influence on the result

WRIGHT STATE Department of Computer Science and Engineering 6.242



6 Quality of Visualization

ldiom: Symbol maps

symbol is used to represent aggregated data (mark or glyph)

—allows use of size and shape and color channels
aka proportional symbol maps, graduated symbol r~=~

Christmas trees produced in 2017, by county

keep original spatial geometry in the backe 4+ A
often a good alternative to choropleth map ¥ cnc..on B L.
o A .
€ . L T 66 000
Ve, . : l ; ¥ ,ﬁ\umcoq N.C.
IR _ .
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6 Quality of Visualization

Symbol maps with glyphs

Shares of agricultural, forest and settlement area
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0 .
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Source: Statistisches Bundesamt Fachserie 3 Reihe 5.1
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6 Quality of Visualization

Symbol map: Pros & cons

pros
—somewhat intuitive to read and understand

—mitigate problems with region size vs data salience
marks: symbol size follows attribute value
glyphs: symbol size can be uniform

cons

—possible occlusion / overlap
symbols could overlap each other
symbols could occlude region boundaries

—complex glyphs may require explanation / training
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6 Quality of Visualization

ldiom: Contiguous cartogram

interlocking marks:
shape, area, and position coded

derive new interlocking marks

—based on combination of original
interlocking marks and new quantitative
attribute

algorithm to create new marks
—input: target size

—goal: shape as close to the original as
possible

—requirement: maintain constraints
relative position
contiguous boundaries with their neighbors
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6 Quality of Visualization

ldiom: Grid Cartogram

Enf.
£282,073

2014 ME
n ME
Hrw Brn Hey wil MN VT NH
£368,750 £399,950 £405,000 £320,000
WA .. ND MN WI MI VT . MA
Hdn He Brt omd o Hek Rdb g WA D m.WI IL M NY  MA
£30L500  £385000  £376.500  £665000  ES2B888  £430.000  £300,000 | £250,000 IN OH cT
0OR WY 'S0 1A TIN O OH PA MJ CT (HI
H HEHN- - BEE
UT ‘€0 NE (MO KY (WM VA MDD DE
AZ NM AR TN WV .
z wOOOBE
0K LA . AL GA sC .
L TME AL (GA
Kng Mrt crd Brm HI TX FL
£385,000  £385000 E265000  £335000 HI AR ™ .

uniform-sized shapes arranged in rectilinear grid
maintain approximate spatial position and arrangement
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6 Quality of Visualization

Cartogram: Pros & cons

Pros
—can be intriguing and engaging
—best case: strong and surprising size disparities
—non-contiguous cartograms often easier to understand

cons

—require substantial familiarity with original dataset & use of memory
compare distorted marks to memory of original marks
mitigation strategies: transitions or side by side views
—major distortion is problematic
may be aesthetically displeasing
may result in unrecognizable marks

—difficult to extract exact quantities
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6 Quality of Visualization

ldiom: Dot density maps

visualize distribution of a
phenomenon by placing
dots

one symbol represents
a constant number of
items

—dots have uniform size
& shape

—allows use of color
channel

task:
show spatial patterns,
clusters
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6 Quality of Visualization

Dot density maps: Pros and cons

pros
—straightforward to understand
—avoids choropleth non-uniform region size problems

cons
—challenge: normalization, just like choropleths
show population density (correlated with attribute), not effect of interest

—perceptual disadvantage:
difficult to extract quantities

—performance disadvantage:
rendering many dots can be slow

WRIGHT STATE Department of Computer Science and Engineering 6.250



6 Quality of Visualization

Map Projections

mathematical functions that map 3D surface geometry of the Earth to 2D
maps

all projections of sphere on plane necessarily distort surface in some way

Interactive: and

WRIGHT STATE Department of Computer Science and Engineering 6.251
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http://philogb.github.io/page/myriahedral/
https://www.jasondavies.com/maps/

6 Quality of Visualization

Mercator Projection

» Heavily distorts country sizes;
particularly close to the poles.

@neilrkaye

TR _ o
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6 Quality of Visualization

Spatial Fields
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6 Quality of Visualization

data
—geographic geometry
—scalar spatial field
1 quant attribute per grid cell
derived data

—isoline geometry

isocontours computed for
specific levels of scalar values

task
—understanding terrain shape ) e
densely lined regions = steep g@gﬂ;/i%@ —”j
pros TN

—use only 2D position, avoid 3D challenges
—color channel available for other attributes

cons
—significant clutter from additional lines
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http://bl.ocks.org/mbostock/4060606

6 Quality of Visualization

ldioms: isosurfaces, direct volume rendering

data

—scalar spatial field (3D volume)
1 quant attribute per grid cell

task
—shape understanding, spatial relationships

TR 1] _ . :
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http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606

6 Quality of Visualization

ldioms: isosurfaces, direct volume rendering

data

—scalar spatial field (3D volume)
1 quant attribute per grid cell

task
—shape understanding, spatial relationships

Isosurface

—derived data: isocontours computed for specific levels
of scalar values

[Tt . . .
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http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606

6 Quality of Visualization

ldioms: isosurfaces, direct volume rendering

data

—scalar spatial field (3D volume)
1 quant attribute per grid cell

task
—shape understanding, spatial relationships

Isosurface

—derived data: isocontours computed for specific levels
of scalar values

direct volume rendering

—transfer function maps scalar values to color, opacity
no derived geometry

WRIGHT smﬁfg Department of Computer Science and Engineering 6257
UNIVERSITY


http://bl.ocks.org/mbostock/4060606
http://bl.ocks.org/mbostock/4060606

6 Quality of Visualization

Color
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6 Quality of Visualization

ldiom design choices: Visual encoding

Encode
® Arrange ® Map
from categorical and ordered

> = :

Express Separate Sttributes

L] |
—— | o .. - = Color
= Hue = Saturation = Luminance
. (] ] EEE EE

2 Order 2 Align

3

z |m

™ m
|
0

¥

How?

-

2 Size, Angle, Curvature, ...

-I. l/— 1)) D

2 Shape
+ O N A

= Motion
Direction, Rate, Frequency, ...
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6 Quality of Visualization

ldiom design choices: Beyond spatial arrangement

Encode
(® Arrange
- Express < Separate
L] |
|I.-..

—_—
= Order
L..l-
=2 Use

=

How?

2 Align

from categorical and ordered
attributes

= Color

> Hue > Saturation = Luminance %
HEE L] ] PEn :

2 Size, Angle, Curvature, ...

-I. /e 1)) D

2 Shape
+ O N A

= Motion
Direction, Rate, Frequency, ...
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6 Quality of Visualization

Channels: What's up with color?

(3 Magnitude Channels: Ordered Attributes ® ldentity Channels: Categorical Attributes
Position on common scale '—Hl ~— % Spatial region - H -
Position on unaligned scale H_', i | Color hue HENR -
Length (1D size) - Motion ® o ® .Q.
Tilt/angle | S Shape + O 0 A
Area (2D size) - =« m g
g
Depth (3D position) e ——e g
» Color luminance Bl 1 ;
£
» Color saturation HEE B | ¢
Curvature | ) ) D .
£ 17
Volume (3D size) v Wiy 7 %
IR _ o
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6 Quality of Visualization

Decomposing color

first rule of color: do not (just) talk about color!
—color is confusing if treated as monolithic

decompose into three channels
—ordered can show magnitude

luminance: how bright (B/W) Luminance . . .

saturation: how colourful

_categorical can show identity ~ >2turation . . .
hue: what color Hue . . . .

channels have different properties
—what they convey directly to perceptual system

—how much they can convey
how many discriminable bins can we use?
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6 Quality of Visualization

Color Channels in Visualization

[Tl [ &

WRIGHT STATE Department of Computer Science and Engineering 6.263
UNIVERSITY



6 Quality of Visualization

Categorical vs ordered color

sales
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6 Quality of Visualization

Categorical color: limited number of discriminable bins

human perception built =l
on relative . J : i i BN,
comparisons al- F . HIT
—great if color contiguous i ! ! X ! RENL.E
—surprisingly bad for 11 E ! E ! ! ! E ! i

absolute comparisons

noncontiguous small 00
regions of color I I I I I I i i = | (
—fewer bins than you want | & I =Hpm I . &

S .
||
S

=] I I

1NN NE

1 12 13 14 15 16 17 18 19 X 13 14 15 16 17
. Mouse Human
—rule of thumb: 6-12 bins,
including background
and highlights
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http://win.vergari.com/acquariofilia/salmastro02.asp

6 Quality of Visualization

Categorical color: limited number of discriminable bins
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6 Quality of Visualization

Ordered color: limited number of discriminable bins
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http://vis4.net/blog/posts/choropleth-maps/

6 Quality of Visualization

Ordered color: Rainbow Is poor default

problems E W =

—perceptually
unordered

—perceptually
nonlinear

[Tl [ &
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6 Quality of Visualization

Ordered color: Rainbow Is poor default

problems -

—perceptually
unordered

—perceptually
nonlinear
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6 Quality of Visualization

Ordered color: Rainbow is poor default

|

problems B
—perceptually unordered
—perceptually nonlinear

benefits

—fine-grained structure
visible and nameable

WRIGHT STA’—}E Department of Computer Science and Engineering
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http://win.vergari.com/acquariofilia/salmastro02.asp
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6 Quality of Visualization

Ordered color: Rainbow is poor default

problems E N N
— perceptually unordered : B
— perceptually nonlinear
benefits

—fine-grained structure visible
and nameable

alternatives

—large-scale structure: fewer
hues

v:{:»m..w | e ﬂmgﬁ,"’ -
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http://win.vergari.com/acquariofilia/salmastro02.asp
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6 Quality of Visualization

Ordered color: Rainbow is poor default

problems E N N
— perceptually unordered |
— perceptually nonlinear

benefits

—fine-grained structure visible
and nameable

alternatives

—large-scale structure: fewer
hues

—fine structure: multiple hues
with monotonically increasing
luminance [eg viridis]

- SRl R""*
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6 Quality of Visualization

Viridis / Magma: sequential colormaps

monotonically increasing luminance,
perceptually uniform

colorful, colorblind-safe

WRIGHT STATE Department of Computer Science and Engineering 6273
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6 Quality of Visualization

Ordered color: Rainbow is poor default

problems =

—perceptually unordered
—perceptually nonlinear
benefits

—fine-grained structure visible and
nameable

alternatives
—large-scale structure: fewer hues

—fine structure: multiple hues with
monotonically increasing luminance
[eg viridis]

leqgit for categorical

—segmented saturated rainbow is
good!

e R s oo YW
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6 Quality of Visualization

Interaction between channels: Not fully separable

color channel interactiol ——="""
—size heavily affects salienc....

—small regions need high & ¢ g k=
saturation et e ——
—large regions need low saturation
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http://colorbrewer2.org/

6 Quality of Visualization

Interaction between channels: Not fully separable

color channel interactions
— size heavily affects salience

— small regions need high saturation

— large regions need low saturation

saturation & luminance:
— not separable from each other!

— also not separable from transparency

Only show: i | 6-class Set1 Only show: i | 6-class Pastel

[ colorbling safe D> X JoR [ colorblind safe XX YR

(™ print friendly >:4EX 8 ) print friendly HEX : 8

[ photocopy safe < [ photocopy safe =
seatatc H #fbbdae

Context: i Context: i

- s #377eb8 - s #bBchrB

] cities \EI #4dafda  cities \EI || #ccebes

] borders [ ] #984ea3 ) borders [ & || #deched

Background: #7100 Background || #fed9ab

©solid color #AE3 @ solid color #ffffec

terrain terrai

JEN— |

color transy parency I parency
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http://colorbrewer2.org/

6 Quality of Visualization

Interaction between channels: Not fully separable

color channel interactions
— size heavily affects salience

— small regions need high saturation

— large regions need low saturation

saturation & luminance:
— not separable from each other!

— also not separable from transparency

— small separated regions: 2 bins safest (use only one of these channels), 3-4
bins max

— contiguous regions: many bins (use only one of these channels)

Only show: i | 6-class Set1 Only show: i | 6-class Pastel1
7] colorblind safe @ X SO 7 colorblind safe -y (g
~ print friendly HEX B 3 _print friendly Hex B ’ o
| photocopy safe =—D| ~|photocopy safe =
#edlalc #fbbdae

Context: i saTTeha Context: U sbacaes
“Iroads IE “Iroads m) -
" cities [ Hi #idafda — cities L #ccebes
| borders [ Hi #984ea3 I borders [ & || #decbed
Background Hirreo Background. [ | #feddat
© solid col #ffff33 © solid color #ffffcc

terrain Dterrain
—{— [

I parency celor trans parency
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6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up

WRIGHT STATE Department of Computer Science and Engineering 6278
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6 Quality of Visualization

Promising Techniques
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PrOmISIng eChanueS & A I6E%ualityofVisuaIization

Perceptual Techniques
Animation
Grouping / Gestalt principles
Using size to indicate quantity

Color for Accent, Distinction, Selection
NOT FOR QUANTITY!I!!

General Approaches
Standard Techniques
Graphs, bar charts, tables
Brushing and Linking
Providing Multiple Views and Models

Aesthetics!

THRETT _ . .
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6 Quality of Visualization

Standard Techniques

It's often hard to beat:
Line graphs, bar charts
Scatterplots (or Scatterplot Matrix)
Tables

A Darwinian view of visualizations:

Only the fittest survive

We are in a period of great experimentation; eventually it will be clear
what works and what dies out.

A bright spot:
Enhancing the old techniques with interactivity

Example: Spotfire
Adds interactivity, color highlighting, zooming to scatterplots

Example: TableLens / Eureka
Adds interactivity and length cues to tables

WRIGHT STATE Department of Computer Science and Engineering 6.281



Spotfire: Integrating Interactionwitir—
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Spotfire/IVEE: Integrati
Scatterptots
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6 Quality of Visualization

Brushing and Linking

Interactive technique
Highlighting
Brushing and Linking
At least two things must be linked together to allow for
brushing
select a subset of points

see the role played by this subset of points in one or more other
views

Example systems
Graham Will's EDV system
Ahlberg & Sheiderman’s IVEE (Spotfire)

WRIGHT STATE Department of Computer Science and Engineering 6.284



Linking types of assist behawvierto-positioh

played (from Eick & wills 95)
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Baseball data:

Scatterplots and histogr
Eick & Wills 95)
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6 Quality of Visualization

What was learned from interaction with this
baseball data?

Seems impossible to earn a high salary in the first three years

High salaried players have a bimodal distribution (peaking
around 7 & 13 yrs)

Hits/Year a better indicator of salary than HR/Year

High paid outlier with low HR and medium hits/year. Reason:
person is player-coach

There seem to be two differentiated groups in the put-
outs/assists category (but not correlated with salary) Why?

WRIGHT STATE Department of Computer Science and Engineering 6.287



6 Quality of Visualization

Animation

“The quality or condition of being alive, active, spirited, or vigorous”
(dictionary.com)

“A dynamic visual statement that evolves through movement or change
in the display”

“... creating the illusion of change by rapidly displaying a series of single
frames” (Roncarelli 1988).
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6 Quality of Visualization

We Use Animation to...

Tell stories / scenarios: cartoons

lllustrate dynamic process / simulation
Create a character / an agent
Navigate through virtual spaces

Draw attention

Delight

WRIGHT STATE Department of Computer Science and Engineering 6-289



6 Quality of Visualization

Cartoon Animation Principles

Chang & Unger ‘93

Solidity (squash and stretch)
Solid drawing
Motion blur
Dissolves

Exaggeration
Anticipation
Follow through

Reinforcement
Slow in and slow out
Arcs
Follow through

I _ _ _
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6 Quality of Visualization

Why Cartoon-Style Animation?

Cartoons’ theatricality is powerful in communicating to the
user.

Cartoons can make Ul engage the user into its world.

The medium of cartoon animation is like that of graphic
computers.

WRIGHT STATE Department of Computer Science and Engineering 6-201



6 Quality of Visualization

Application using Animation: Gnutellavision

Visualization of Peer-to-Peer Network
Hosts (with color for status and size for number of files)
Nodes with closer network distance from focus on inner rings
Queries shown; can trace queries
Gnutellavision as exploratory tool
Very few hosts share many files
Uneven propagation of queries
Qualitative assessment of queries (simple)

TR 1] _ . :
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6 Quality of Visualization

Layout - lllustration

Each node is placed at the center of the angular sector
allocated to it defined by the width of that subtree

WRIGHT STATE Department of Computer Science and Engineering 6203
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6 Quality of Visualization

Animation in Gnutellavision

Goal of animation is to help maintain context of nodes and general
orientation of user during refocus

Transition Paths
Linear interpolation of polar coordinates
Node moves in arc not straight line

Moves along circle if not changing levels (like great circles on
earth)

Spirals in or out to next ring

WRIGHT STATE Department of Computer Science and Engineering 6.204



6 Quality of Visualization

Animation (continued)

Transition constraints
Orientation of transition to minimize rotational travel

(Move former parent away from new focus in same
orientation)

Avoid cross-over of edges
(to allow users to keep track of which is which)

Animation timing

Slow in Slow out timing (allows users to better track
movement)
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6 Quality of Visualization

Transition Constraint - Orientation

302
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o
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https://www.youtube.com/watch?v=AvflIcE2xZw
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6 Quality of Visualization

Transition Constraint - Order

o Q920
OOO OOO
@072 o0y, " e
2 o
OOO O OO
o) C o)
.;;? & Q‘,?‘ o 0
e % 9] o] 18]
o o 1o
o o o [ o
8] o o 10 . A
o t S g o
o R ) Y o & O
%% P8 : o % : ()%mﬁﬁ ;
Q"ggf OOOO OC, C?? OO
a OE Lo of OO 0055555 ©
o 7
o 5y
o505t
https://www.youtube.com/watch?v=AvflIcE2xZw
THRETT _ : :
WRIGHT STATE Department of Computer Science and Engineering 6207

UNIVERSITY



6 Quality of Visualization

Usability Testing

In general, users appreciated the subtleties added to the general method when the
number of nodes increased.

Perhaps the most interesting result is that most people preferred rectangular
movement for the small graph and polar coordinate movement for the large one.

Overall Preference of Users

No Features All Features
Small Graph 5 5
Large Graph 1 9
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6 Quality of Visualization

Hyperbolic Tree

A Focus+Context Technique Based on Hyperbolic Geometry for Visualizing Large
Hierarchies (1995) John Lamping, Ramana Rao, Peter Pirolli Proc. ACM Cont.
Human Factors in Computing Systems, CHI

Also uses animation

Tree-based layout; leaves stretch to infinity

Only a few labels can be seen at a time

WRIGHT STAf}E Department of Computer Science and Engineering 6.299
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https://www.youtube.com/watch?v=ZUwpqzDNhME
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6 Quality of Visualization

Issues

Displaying text
The size of the text
Works good for small things like directories

Not so good for URLSs

Only a portion of the data can be seen in the focus at one
time

Only works for certain types of data - Hierarchical

Not clear if it is actually useful for anything.
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6 Quality of Visualization

Animating Algorithms

Kehoe, Stasko, and Taylor, “Rethinking Evaluation of Algorithm
Animations as Learning Aids”

Why previous studies present no benefits:
No or limited benefits from particular animations
Benefits are not captured in measurements
Design of experiments hides the benefits

Methods for this study:
Combination of qualitative & quantitative
More flexible setting

Metrics: score for each type of guestions, time used, usage of
materials, qualitative data from observations & interviews
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6 Quality of Visualization
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6 Quality of Visualization

Findings

Value of animation is more apparent in interactive
situations

Most useful to learn procedural operations

Makes subject more accessible & less intimidating =
Increase motivation
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6 Quality of Visualization

What Isn’t Working?

The existing studies indicate that we don’t yet know
how to make the following work well for every-day
tasks:

Pan-and-Zoom
3D Navigation
Node-and-link representations of concept spaces

WRIGHT STATE Department of Computer Science and Engineering 6-308



ZOom, OverVIeW + Detall 6 Quality of Visualization

An exception, possibly:

Benjamin B. Bederson: PhotoMesa: a zoomable image browser using quantum treemaps
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http://www.informatik.uni-trier.de/~ley/db/conf/uist/uist2001.html#BedersonAaa01

OverVIeW + Detall 6 Quality of Visualization

K. Hornbaek et al., Navigation patterns and Usability of Zoomable User

Interfaces with and without an Overview, ACM TOCHI, 9(4), December
2002.
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6 Quality of Visualization

Overview + Detall

K. Hornbaek et al., Navigation patterns and Usability of Zoomable User Interfaces with
and without an Overview, ACM TOCHI, 9(4), December 2002.

A study on integrating Overview + Detail on a Map search task
Incorporating panning & zooming as well.
They note that panning & zooming does not do well in most studies.
Results seem to be
Subjectively, users prefer to have a linked overview
But they aren’t necessarily faster or more effective using it

Well-constructed representation of the underlying data may be more
important.

More research needed as each study seems to turn up different
results, sensitive to underlying test set.
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6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up

WRIGHT STATE Department of Computer Science and Engineering 6212
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6 Quality of Visualization

Problem Solving
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6 Quality of Visualization

Problem Solving

A Detective Tool for Multidimensional Data
Inselberg on using Parallel Coordinates

Analyzing Web Clickstream Data
Brainerd & Becker, Waterson et al.

Information Visualization for Pattern Detection
Carlis & Konstan on Periodic Data

Visualization vs. Analysis
Comments by Wesley Johnson of Chevron

WRIGHT STATE Department of Computer Science and Engineering 6.314



6 Quality of Visualization

Multidimensional Detective

A. Inselberg, Multidimensional Detective, Proceedings of IEEE
Symposium on Information Visualization (InfoVis '97), 1997.
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Figure 1: The full dataset consisting of 473 batches
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6 Quality of Visualization

A Detective Story

A. Inselberg, Multidimensional Detective, Proceedings of IEEE Symposium on Information
Visualization (InfoVis '97), 1997

Inselberg’s Principles for analysis using visualizations:

1.
2.

Do not let the picture scare you

Understand your objectives
— Use them to obtain visual cues

Carefully scrutinize the picture
Test your assumptions, especially the “| am really sure of's”
You can’t be unlucky all the time!

WRIGHT STATE Department of Computer Science and Engineering 6.316



6 Quality of Visualization

A Detective Story

A. Inselberg, Multidimensional Detective, Proceedings of IEEE Symposium on Information Visualization (InfoVis

'97), 1997

The Dataset:
Production data for 473 batches of a VLSI chip
16 process parameters
The yield: % of produced chips that are useful

X1
The quality of the produced chips (speed)
X2
10 types of defects (zero defects shown at top)
X3 ... X12
4 physical parameters
X13 ... X16

The Objective:
Raise the yield (X1) and maintain high quality (X2)

WRIGHT STATE Department of Computer Science and Engineering
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6 Quality of Visualization

Multidimensional Detective

A. Inselberg, Multidimensional Detective, Proceedings of IEEE Symposium on Information
Visualization (InfoVis '97), 1997.

Do Not Let the Picture Scare You!!
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Figure 1: The full dataset consisting of 473 batches
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6 Quality of Visualization

Multidimensional Detective
Each line represents the values for one batch of chips

This figure shows what happens when only those batches with both
high X1 and high X2 are chosen

Notice the separation in values at X15
Also, some batches with few X3 defects are not in this high-yield/high-

quality group. ? / ‘
I /

WE omd w3y Ka ES e mE mE W W Mpl KR KR Npe wIF XIS
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Figure 2@ The batches high in Yield, X1, and

R ~ - 1
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6 Quality of Visualization

Multidimensional Detective

Now look for batches which have nearly zero defects.

For 9 out of 10 defect categories
Most of these have low yields
Surprising because we know from first diagram that some defects are ok.
Go back to first diagram, looking at defect categories
Notice that X6 behaves differently than the rest
Allow two defects, where one defect in X6

This results in the very best batch appearing

WRIGHT STATE Department of Computer Science and Engineering 6.320



Multidimensional Detective
6 Quality of Visualization

Fig 5 and 6 show that high yield batches don’t have non-zero values for defects of
type X3 and X6

Don’t believe your assumptions ...

Looking now at X15 we see the separation is important

Lower values of this property end up in the better yield batches
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Figure 5: The best batch. Highest in Yield, X1, Figure 7: Upper range of split in X15
and very high in Quality, X2,
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Automated Analysis

6 Quality of Visualization

A. Inselberg, Automated Knowledge Discovery using Parallel
Coordinates, INFOVIS ‘99
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Case Study: E-Commerce Clickstream., ......c.
Visualization

Brainerd & Becker, IEEE Infovis
2001

Aggregate nodes using an
icon (e.g. all the checkout

pages)
Edges represent transitions
Wider means more transitions

ui=am _ o
WRIGHT STATE Department of Computer Science and Engineering 6323
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6 Quality of Visualization

Customer Segments

Collect
Clickstream

Purchase history
Demographic data

Associates customer data with their clickstream
Different color for each customer segment

TR 1] _ . :
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6 Quality of Visualization

Layout

Aggregation based on file system path
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6 Quality of Visualization

Initial Findings
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6 Quality of Visualization

Initial Findings (cont)
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WebQuilt

1

Interactive, zoomable directed graph

Nodes = web pages

Edges = aggregate traffic between pages &
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6 Quality of Visualization

Directed graph

Nodes: visited pages
Color marks entry and exit nodes

Arrows: traversed links
Thicker: more heavily traversed

Color
Red/ . Time spend before clicking =
Blue: optimal path chosen by designer _F%

T 11 _ : :
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6 Quality of Visualization

Pilot Usabllity Study

Edmunds.com PDA web site

Visor Handspring equipped with a OmniSky wireless
modem
10 users asked to find...

Anti-lock brake information on the latest Nissan Sentra model
The Nissan dealer closest to them.

WRIGHT STATE Department of Computer Science and Engineering 6.331



6 Quality of Visualization

In the Lab vs. Out Iin the Wiid

Comparing in-lab usability testing with WebQuilt remote usability
testing

5 users were tested in the lab

5 were given the device and asked to perform the task at their
convenience

All task directions, demographic data, and follow up questionnaire
data was presented and collected in web forms as part of the
WebQuilt testing framework.

WRIGHT STATE Department of Computer Science and Engineering 6.332
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Findings

6 Quality of Visualization

Browser

Device

e Interact before load (3)
e No forward button (2)

e Difficulty with input in
questionnaire (3)
e Difficulty scrolling (2)

eDevice errors unrelated to
testing (1)
e Tried writing on screen (0)
Site Design Test Design
e Falsely completed task (4) e Falsely completed task (4)
e Long download times (4) e Difficulty remembering

e Ping-pong behavior (3)

e Interact before load (3)

e Too much scrolling (2)

e Save address functionality
not clear (1)

e Back button navigation (0)

e Would like more features (0)

task description (3)

e Difficulty with input in
questionnaire (3)

e Questionnaire
problems (3)

e Forgot how to end task (1)

e Confusing task description

(1)

wording

e Finds site useful (())

WRIGHT STATE

Department of Computer Science and Engineering

6-336



6 Quality of Visualization

Findings

WebQuilt methodology is promising for uncovering site design
related issues.

1/3 of the issues were device or browser related.

« Browser and device issues can not be captured automatically with
WebQuilt unless they cause an interaction with the server

« Can be revealed via the questionnaire data.

WRIGHT ST/TE Department of Computer Science and Engineering 6.337



6 Quality of Visualization

Visualization for Analysis

Carlis & Konstan, UIST 1998

Problem: data that is both periodic and serial
Time students spend on different activities

Tree growth patterns

Time: which year

Period: yearly
Multi-day races such as the Tour de France
Calendars arbitrarily wrap around at end of month
Octaves in music

How to find patterns along both dimensions?

WRIGHT STATE Department of Computer Science and Engineering 6.338



Analyzing Complex Periodic Data——

Figure 1. A Spiral of Archimedes. (for color figures see the
electronic proceedings or www.cs.umn.edu!~carlis)

Figure 2. An indented spiral, with spokes, showing monthly

Baphia CappardifOI ia: consumption percentages for Baphia Capparidifolia during the
. I I t period 1980 — 1988.
tropical plan " Carlis & Konstan, UIST 1998.
WRIGH STA'}E Department of Computer Science and Engineering 6339

UNIVERSITY



Analyzing Complex Periodic Data—~—"""

eConsumption values for
each month appear as spikes

eEach food has its own color

eBoundary line (in black)
shows when season
begins/ends

Figure 4. A spiral display of year-maonth consumption
percentages for 12 highly consumed foods during the period
1980 — 1988. Rotated and zoomed in to show one season and
boundary lines.

Carlis & Konstan, UIST 1998.

WRIGHT STATE Department of Computer Science and Engineering 6340
UNIVERSITY



6 Quality of Visualization

Carlis & Konstan, UIST 1998.

Figure 3. A spiral display of monthly consumption percentages
for all 112 foods during the period 1980 — 1988,

WRIGHT STATE Department of Computer Science and Engineering 6301
UNIVERSITY



6 Quality of Visualization

Visualization vs. Analysis?

Applications to data mining and data discovery.

Wesley Johnson '02:
Visualization tools are helpful for exploring hunches and presenting
results
Examples: scatterplots

They are the WRONG primary tool when the goal is to find a good
classifier model in a complex situation.
Need:
Solid insight into the domain and problem
Tools that visualize several alternative models.

Emphasize “model visualization” rather than “data visualization”

WRIGHT STATE Department of Computer Science and Engineering 6.342



6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up

WRIGHT STATE Department of Computer Science and Engineering 6243

UNIVERSITY



6 Quality of Visualization

Visualizing Documents and Search

WRIG STATE Department of Computer Science and Engineering 6-344
UNIVERSITY



6 Quality of Visualization

Documents and Search

Why Visualize Text?
Why Text is Tough
Visualizing Concept Spaces

Clusters
Category Hierarchies

Visualizing Retrieval Results
Usability Study Meta-Analysis

WRIGHT STATE Department of Computer Science and Engineering 6-345



Why Vlsuallze Text? 6 Quality of Visualization

To help with Information Retrieval

give an overview of a collection

show user what aspects of their interests are presentin a
collection

help user understand why documents retrieved as a result of a
query

Text Data Mining

Mainly clustering & nodes-and-links
Software Engineering

not really text, but has some similar properties

WRIGHT STATE Department of Computer Science and Engineering 6.346



6 Quality of Visualization

Why Text is Tough

Text is not pre-attentive

Text consists of abstract concepts
which are difficult to visualize

Text represents similar concepts in many different ways
space ship, flying saucer, UFO, figment of imagination

Text has very high dimensionality
Tens or hundreds of thousands of features
Many subsets can be combined together

WRIGHT STATE Department of Computer Science and Engineering 6.347



6 Quality of Visualization

Why Text is Tough

wi~

As the man walks the cavorting dog, thoughts
arrive unbidden of the previous spring, so unlike
this one, in which walking was marching and
dogs were baleful sentinals outside unjust halls.

WRIGHT STATE Department of Computer Science and Engineering 6-348



6 Quality of Visualization

Why Text is Tough

Abstract concepts are difficult to visualize

Combinations of abstract concepts are even more difficult
to visualize
time
shades of meaning
social and psychological concepts
causal relationships

WRIGHT STATE Department of Computer Science and Engineering 6.349



Why Text |S Tough 6 Quality of Visualization

Language only hints at meaning

Most meaning of text lies within our minds and common
understanding

“How much is that doggy in the window?”

how much: social system of barter and trade (not the size of the
dog)

“doggy” implies childlike, plaintive, probably cannot do the
purchasing on their own

“in the window” implies behind a store window, not really inside a
window, requires notion of window shopping

WRIGHT STATE Department of Computer Science and Engineering 6.350



6 Quality of Visualization

Why Text is Easy

Text is highly redundant
When you have lots of it

Pretty much any simple technique can pull out phrases that seem to
characterize a document

Instant summary:
Extract the most frequent words from a text
Remove the most common English words

People are very good at attributing meaning to lists of otherwise
unrelated words

WRIGHT STATE Department of Computer Science and Engineering 6.351



Guess the Text:

6 Quality of Visualization

10 PEOPLE 4 LARGE
10 ALL 4 INDEPENDENT
9 STATES 4 FREE
9 LAWS 4 DECLARATION
8 NEW 4 ASSENT
7 RIGHT 3 WORLD
7 GEORGE 3 WAR
6 WILLIAM 3 USURPATIONS
6 THOMAS 3 UNITED
6 JOHN 3 SEAS
6 GOVERNMENT 3 RIGHTS
5 TIME
5 POWERS
5 COLONIES
[Tl [

k

WRIGHT STATE Department of Computer Science and Engineering

UNIVERSITY
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6 Quality of Visualization

Visualization of Text Collections

How to summarize the contents of hundreds, thousands,
tens of thousands of texts?

Many have proposed clustering the words and showing
points of light in a 2D or 3D space.
Examples
Showing docs/collections as a word space
Showing retrieval results as points in word space

WRIGHT STATE Department of Computer Science and Engineering 6.355
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Themescapes (Wise et al. 95)
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ScatterPlot of Clusters

%(rhen et al. 97)

E%HDS-samme
File Edit Help

=] E3

+| 0 | = | Redrawl Swap |
CGomment{6{1/8) =
Effectiveltransmission|ofdec]oveinetworks?
CGomment{8[(2/8)

Gommentli3[3/8)
Nideo|DesktopjGonferencing

Comment 22 (1/8)
Good facilitatorns ane more rare than good software!

Comment 23 (5/8)
Mayhe we/can make poor facilitators hetter with

good software.

Comment 24 (6/8)
Wherne have allthe facilitators gone??2? (settothe
tune ofiVwhere Have All the Flowers Gone)

Comment 25 (7/3)

Uncategorized
Categoryl
Category?

Category3

Categoryd

Categoryd

CategorylD

(B REVRE E BEY BEVREYRE K Y

S leTe e HoTelelalele)

VNH}I(}}TT ij\lti S O TSR S T TOT 16 O T O OUTTTIUto T SO oToTTo o S Tor =TTy o orirry oot

UNIVERSITY



honen Feature Maps
92, Chen et al. 97)
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6 Quality of Visualization

Clustering for Collection Overviews

Two main steps

cluster the documents according to the words they have in
common

map the cluster representation onto a (interactive) 2D or 3D
representation

Since text has tens of thousands of features

the mapping to 2D loses a tremendous amount of information
only very coarse themes are detected

WRIGHT STATE Department of Computer Science and Engineering 6.364
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HOW Useful IS CO”eCtIO GI I l_ 6 Quality of Visualization
\ /: | \ .

Three studies find negative results

WRIGHT STAf}E Department of Computer Science and Engineering 6370
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6 Quality of Visualization

Study 1

Kleiboemer, Lazear, and Pedersen. Tailoring a retrieval system for naive
users. In Proc. of the 5th Annual Symposium on Document Analysis and

Information Retrieval, 1996

This study compared
a system with 2D graphical clusters
a system with 3D graphical clusters
a system that shows textual clusters

Novice users

Only textual clusters were helpful (and they were difficult
to use well)

WRIGHT STATE Department of Computer Science and Engineering 6.371



6 Quality of Visualization

Study 2: Kohonen Feature Maps

H. Chen, A. Houston, R. Sewell, and B. Schatz, JASIS 49(7)
Comparison: Kohonen Map and Yahoo
l.e. self organizing map for entertainment sub-
category of Yahoo

Task:
“Window shop” for interesting home page
Repeat with other interface

Results:
Starting with map could repeat in Yahoo (8/11)
Starting with Yahoo unable to repeat in map (2/14)

WRIGHT STATE Department of Computer Science and Engineering 6.372
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6 Quality of Visualization

Study 2 (cont.)

Participants liked:

Correspondence of region size to # documents

Overview (but also wanted zoom)

Ease of jumping from one topic to another
Multiple routes to topics

Use of category and subcategory labels

WRIGHT STATE Department of Computer Science and Engineering 6.373



6 Quality of Visualization

Study 2 (cont.)

Participants wanted:

hierarchical organization

other ordering of concepts (alphabetical)
Integration of browsing and search
correspondence of color to meaning

more meaningful labels

labels at same level of abstraction

fit more labels in the given space

combined keyword and category search
multiple category assignment (sports+entertain)

WRIGHT STATE Department of Computer Science and Engineering 6.374



StUdy 3: NlRVE 6 Quality of Visualization

NIRVE Interface by Cugini et al. 96. Each rectangle is a cluster. Larger clusters closer to the “pole”. Similar
clusters near one another. Opening a cluster causes a projection that shows the titles.
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http://zing.ncsl.nist.gov/cugini/uicd/nirve-paper.html

6 Quality of Visualization

Study 3

Visualization of search results: a comparative evaluation of text, 2D, and 3D
interfaces Sebrechts, Cugini, Laskowski, Vasilakis and Miller, Proceedings of
SIGIR 99, Berkeley, CA, 1999.

This study compared:
3D graphical clusters
2D graphical clusters
textual clusters

15 participants, between-subject design
Tasks
Locate a particular document
Locate and mark a particular document
Locate a previously marked document
Locate all clusters that discuss some topic
List more frequently represented topics

WRIGHT STATE Department of Computer Science and Engineering 6.376



6 Quality of Visualization

Study 3

Results (time to locate targets)
Text clusters fastest
2D next
3D last
With practice (6 sessions) 2D neared text results; 3D still slower
Computer experts were just as fast with 3D
Certain tasks equally fast with 2D & text
Find particular cluster
Find an already-marked document
But anything involving text (e.g., find title) much faster with text.
Spatial location rotated, so users lost context

Helpful viz features

Color coding (helped text too)
Relative vertical locations

WRIGHT STATE Department of Computer Science and Engineering 6.377



6 Quality of Visualization

Summary: Visualizing Clusters

Huge 2D maps may be inappropriate focus for
iInformation retrieval
cannot see what the documents are about
space is difficult to browse for IR purposes
(tough to visualize abstract concepts)

Perhaps more suited for pattern discovery and gist-like
overviews

WRIGHT STATE Department of Computer Science and Engineering 6.378



6 Quality of Visualization

IR Infovis Meta-Analysis

(Empirical studies of information visualization:
a meta-analysis, Chen & Yu IJHCS 53(5),2000)

Goal

Find invariant underlying relations suggested collectively by
empirical findings from many different studies

Procedure

Examine the literature of empirical infoviz studies
35 studies between 1991 and 2000
27 focused on information retrieval tasks

But due to wide differences in the conduct of the studies and the
reporting of statistics, could use only 6 studies

WRIGHT STATE Department of Computer Science and Engineering 6.379



6 Quality of Visualization

IR Infovis Meta-Analysis

(Empirical studies of information visualization:
a meta-analysis, Chen & Yu IJHCS 53(5),2000)

Conclusions:

IR Infoviz studies not reported in a standard format

Individual cognitive differences had the largest effect
Especially on accuracy
Somewnhat on efficiency

Holding cognitive abilities constant, users did better with simpler
visual-spatial interfaces

The combined effect of visualization is not statistically significant

WRIGHT STATE Department of Computer Science and Engineering 6.380



6 Quality of Visualization

So What Works?

Yee, K-P et al., Faceted Metadata for Image Search and Browsing, to appear in CHI
2003. Hearst, M, et al.; Chapter 10 of Modern Information Retrieval, Baeza-Yates
& Ribiero-Neto (Eds).

Color highlighting of query terms in results listings
Sorting of search results according to important criteria (date, author)

Grouping of results according to well-organized category labels.
Cha-cha
Flamenco
Only if highly accurate:
Spelling correction/suggestions
Simple relevance feedback (more-like-this)
Certain types of term expansion

Note: most don’t benefit from visualization!

WRIGHT STATE Department of Computer Science and Engineering 6.351



SEARCH RESULTS BY Search
ol -os | search Joinevos -]

C h a- C h a 1-25 of 2239 matches List View Nextr -

Table of Contents

Chen, M., Hearst, M., Hong, J., and Lin|SIM%: School of Information Management and Systems,
J. Cha-Cha: A System for

Organizing Intranet Search Results SIMS: Site Map
in the Proceedings of the 2nd SIME: Fall 2000 Course Schedule
USENIX Symposium on Internet SIS 1%147 Home ?a&;{m _—
Technologies and SYSTEMS OMEpAage Iof ears
E|J30u|der CO. October 11 celected Eecent Publications by Marth Hearst and ...
14, 1999

BaAIl ANDO Project Homepage

BATLAWDO Project: Publications i

T Berkeley Seismo and Earth and Planetary ...

T Berkeeley Seismolomcal Laboratory Home Pace
Teologecal Tour of TT - Betleeley
Teolomcal Tour of UT - Berkeley: Hearst ..
Feolomcal Tour of TTC - Berleeley: Hearst .

Phoebe &, Hearst Museurm of Anthropology, Home L.

Mewrs and Events Archive
Hearst Foundation Augments MMuseuwmn Endowment
The Hearsts Mew Director

WRIGHT STATE Department of Computer Science and Engineering 6.382
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http://www.usenix.org/events/usits99/

Teoma: appears to combine categorie

uality o
and clusters
(This version before it was bougnt by askjeeves)

isualization

Search

Search Results for text mining

WEB PAGES GROUPED BY TOPIC:

[ Text Data Mining 1 Coloradao History Videos
[ Computer, Science [ Machine Learning
[ Text Mining Software [ Research, Papers

[ wWorkshop, Knowledge

WEB PAGES MNedts EXFERTS' LINKS (What are these?)
1-10 of 142000 matched: It mathed
« Fesources
. ‘-Am‘h:ﬁ:iri‘SgOM - A novel 30M-based approach to free-text http:/textmining.krdi.org.sg/reso...
WEBSOM - Self-Organizing Maps for Internet Explaration . .
Welcome to test the document exploration tool WEBSOM. An » The Data VWarehousing Information
ordered map of the infarmation space. . Center - )
http://websom. hut.fiiwebsom/ itp:Awww dwinfocenter.org/docum. ..
» Data Mining, Text Mining and YWeb Mining Software . Sufh{vare for Text Analysis
Megaputer offers data mining, text mining, and web data http::/www.kdnuggets.com/software/...
mining software tools for e-commerce, database marketing, _
and CRM; seminars, training and .. « text mining and web-based info...
hftp:iwww. megaputer.cormy’ --Felated Topic & Experts’ hitp:/www-personal.umich.eduw/~wfa... —
S R . . .
WRIGHT STATE Department of Computer Science and Engineering 6383
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Teoma: Now In prime time

6 Quality of Visualization

T =

esul

Search Tips

Y\ VN i
L |te>;1 mining

ts

R
{: Relevant web pages

Showing 1-10 of about 291,000

TEMIS

- Text Mining Solutions

[T Find this phrase

-~
™

Text Mining Technology and Consulting company offering software components

{"Insight Discoverer") for the efficient analysis of large document..,

wowew, tEMmis-group. com,’

Lntang

ling Text Data Mining

Defines data mining, infarmation access, and corpus-based computational
linguistics, and then discusses the relationship of these to text data. ..

W, S
[Eelate

ms.berkeley.edu/~hearst/papers/aclog. ..
d Pages]

Hearst, Marti

Untangling Text Data Mining, ACL'99,
wwew, sims.berkeley . edu/~hearst/

[Related Pages]

[More results from www, sims. berkeley, edu]

Text Mining at Waikato

The Text Mining group at the University of Waikato in New Zealand. With a
focus on Yiterbi search and entropy-based methods the group has a...
wwew CS o walkato.ac.nz/~nzdl/textmining/
[Related Pages]

[More r

esults from www . s owaikato, ac.nz)

ERDL Text Mining Home Page

Text Mining Research Group at Kent Ridge Digital Labs in Singapore;
charset=is0-8859-1...

textmin

fFee | 1

-

Search + Advanced Search
* Preferances

Refine
Suggestions to narrow your search

Text Data Mining

Computer Linguistics

Text Mining YWorkshop

Plain Text

Text Mining Eesearch

Computer Science

[Show All Refinements]

Resources :
Link collections from experts and enthusiasts

A Poadmap to Text Mining and ‘Web
Mining
wiwwd CS, Utexas. edu/, .,

Fesources
textmining.krdl.org. =g/, ..

Mary D, Taffet's Home Page: Wiy
Sites for Students...
web, syroedud. .

Text Analysis, Text Mining and




Cat-a-Cone

ABSTRACT

Fear of recurrence has been at thehe
nf the controversy betweensurgenns
favoring mastectomy versusthose
advocating a less radicaloperation,
Breast—conserving surgery isthoughi
result in a better bodvimage, but
patients are expected toworry more
about a cancer recurrencebeeanse on
small part of the breastis excised. To
. o assess survival ratesafter

Marti Hearst and C { : e M| breast—conserving intervention,patie
, . 1 were randomized inte theNational
Cone: An Interacti : : {|| Surgical Adjuvant BreastProject

Sp ecnfyl ng Searche§fand Viewing : (NSABP) prospective clinicalirial
o groups: total mastectomy Jumpectom;

TITLE

FEAR OF RECURRENCE,
BREAST-CONSERVING SURGERY,
AND THE TRADE-OFF

HYPOTHESIS

MeSH TERMS

Hierarchy Proceedings of the 20th Ann . | and lumpectomy followed byradiatior
| | therapy. A fourth group wascreated f
International ACM/ include patients who had arceurrence
. . f | 1 after their first operationand thus
Philadelphia, PA, July 1997 / | | uonderwent a subscquent total
- ) ‘ mastectomny. Dilferences appeared, no

according to the type of treatment, hui
mth respect to the nnnbcr of surgwn!

o Whoodl R R

S

Help Options | &N

History Mark
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6 Quality of Visualization

Better to reduce the viz

Flamenco — allows users to steer through the category
space

Uses
Dynamically-generated hypertext
Color for distinguishing and grouping
Careful layout and font choices

Focused first on the users’ needs

WRIGHT STATE Department of Computer Science and Engineering 6.386



Flamenco Image Search

Media

aquatint (2025

basketry (44)
book (666)

ceramic (008)
costume (660
decaorative box (163
domestic object (176)

Location

Africa (463)

Asia (1325)

Australia (271)

Central Armerica (134)

Eurcpe (23337)

Date

1-1000 AD. (138)

12th century |
13th century {
14th century (
15th century {
(1225)
(3058)

16th century

3
1
2
7
1
17th century (3

)
)
)
6}
22
05

Themes

search |

drawing [ 2624)
drypoint (2743
etching (9507)
furnishing (-127)
alass (657)
more.

Middle East (78]
Morth America (1197171)
Qceania (117)

Forman Empire (4)
South America (453)

15th century (2287)
19th century (7552)
20th - 21th century (78]
20th century {14205)

215t century (12)
more ..

Nature

animal material {575)
birds (1437}

bodies of water {3604)
creatures (&07)

fish (219}

flowiers (1220)

geological formations (2922)

Places and Spaces

bridges (592)
building parts {3088)
buildings (2393)
dwellings (1700

People

aristocrats (974)
children {2507)
men (7372)

heavens (2353
hoofed marmmals | 2480)
Invertebrates and

arthropods (330)
mammals {27716)

plant material (758)
maore...

lawn {20)

open spaces (1732)
roads (1480)

wiorkplaces (753)

occupations (715)
WOIMEn {5906)

Shapes, Colors, and Materials

colors (5867)
decorations {7447)
fabrics [ 345)
metal (273)

paper [ 457)
shapes [ 2752)
visual framing (5997)



Flamenco Image Search

Refine your search further within these These terms define your current search. Click the X to remave a term

categories:

Media _ _ Date 19th century X| start a new search
aquatint (3), drawing (75), drypoint (2),

etching (29}, lithograph (12, Nature: heavens = cloud X

mezzotint (14), painting {7},
photograph (1), print {18}, wood

engraving (4), more___ | Search | @ alliterns € within current results

Location {group results) 89 items (grouped by media) e ungrouped items
Asia (7), Europe (69), Morth

America (13) aguatint 2

Date: all = 19th century [group results)
1800 - 1809 (3), 1810 - 181918}, 1820

_ 1829 (7), 1830- 1839 (5), 1840 -
18449 (2), 1850 - 1859 (6), 1860 -
1889 (8), 1870 1879 (7), 1880 -
1859 (8), 1890 - 1899 (70}, more..

Themes [group results) Distant “iew of ... “eflassen (Aband. . Village au Bord ...

military (5), mortality (£, music, wiiting, Daniell Klinger Hervier
and sport (27), nautical (12), 1817 1854 19th century
religion (18)

Objects (group results)
clothing (4), containers (2), food (5),

furnishings (4), jewelny and riches (4],
wehicles (2)

Nature: all » heavens = cloud [group results)

Places and Spaces [group results)
bridges (&), building parts (7}, A Lady at a Shrine A iew of the Mo, Alsatian Landscape Boar Avatar of ¥
Finldinos fay dweallinoe (at onen Anonymaous Eustache Anonymaous Anonymaous




6 Quality of Visualization

Using Thumbnails to Search the Web

A. Woodruff, R. Rosenholtz, J. Morrison, A. Faulring, & P. Pirolli, A comparison on
the use of text summaries, plain thumbnails, andenhanced thumbnails for web
search tasks. JASIST, 53(2), 172-185, 2002.; A. Woodruff, A. Faulring, R.

Rosenholtz, J. Morrison, & P. Pirolli,Using thumbnails to search the web. SIGCHI
2001

Design Goals

Enhance features that help the user decide whether document is
relevant to their query

Emphasize text that is relevant to query
Text callouts

Enlarge (make readable) text that might be helpful in
assessing page

Enlarge headers

WRIGHT STATE Department of Computer Science and Engineering 6-389



6 Quality of Visualization

Text and Image Summaries

Text summaries
Lots of abstract, semantic information

Image summaries (plain thumbnails)
Layout, genre information

Gist extraction faster than with text

Benefits are complementary

Create textually-enhanced thumbnails that leverage the
advantages of both text summaries and plain
thumbnails

Department of Computer Science and Engineering 6390




6 Quality of Visualization

Putting Callouts in a Separate Visual Layer

Transparency
Occlusion

Junctions indicate the occurrence
of these events.

N O i
aﬁﬂ.ﬂ?[ﬂﬁm

B Bl

MR LT

WRIGHT STATE Department of Computer Science and Engineering 6-391
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6 Quality of Visualization

Design Issues:

Color Management
Problems: Callouts need to be both readable and draw attention

Solution: Desaturate the background image, and use a visual
search model to choose appropriate colors

Colors look like those in highlighter pens

Resizing of Text

Problem: We want to make certain text elements readable, but
not necessarily draw attention to them

Solution: Modify the HTML before rendering the thumbnail

WRIGHT STATE Department of Computer Science and Engineering 6-392
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6 Quality of Visualization

Tasks

Criteria: tasks that...
Are representative of common queries
Have result sets with different characteristics
Vary in the number of correct answers

4 types of tasks

Picture: “Find a picture of a giraffe in the wild.”
Homepage: “Find Kern Holoman’s homepage.”
Side-effects:  “Find at least three side effects of halcion.”

E-commerce: “Find an e-commerce site where you can buy
DVD player. ldentify the price in dollars.”

WRIGHT STATE Department of Computer Science and Engineering 6-394



6 Quality of Visualization

~ onditi

Text summary
Page title

The Lycaeum -- GHB

...... seermns to be without serious side effects.” His almost off-hand.
.recovery with no long-term side effects 15 universal." They...
wwrw. algonet. sef~spotfarchitexts/ghblfag html

Extracted text with query terms

in bold
URL

Plain thumbnall
Enhanced thumbnall

Readable H1, H2 tags
Highlighted callouts of query

terms

Reduced contrast level in

thumbnail

1
?:‘ Ferize Trarahase

Thorazine

S T ——

WRIGHT STATE

Department of Computer Science and Engineering

6-395



6 Quality of Visualization

Collections of Summaries

100 results iIn random order

Approximately same number of each
summary type on a page

o neENH himi - Mic

| Ele Edt Yiew Fawites Took Help I o
- . QD 3] ) a ] J B n, . @ | 2y ) ‘ -

| Back Fomyan Siop  Rieher Home Search  Fowories  History Mad |eE ¢ Stop  Relesh  Home Search  Fevorites  History Wil
| Adldrez [8] G el September2000} 2652E 8006187 \inskhomeET him! =] oo Lk ™ I [€1G VfinaSeptemberz000 =] o ||Links 7
: =l |

e

C e

USP DI Vol. Il - ANTIHISTAMINES (Systemic} ]
ore susceptible to the side effects of antthistamnes, such. .. M

nadine cause these same side effects. Children-Serious

0 htrn

Team projects on www for Biological Basis of Behavior - 1999
... Thorazine hss lots of unpleasant side effects. It

same desired effects In this case, chlorpromazine (Thorazin
s husmboldt edu~morgan/schi_£99 htm

The Lycaeum -- GHB
seems to be without serious side effects * His almost off-hand .

=ry with no long-term side eff universal " They

spot/archi

GHE " St
(gamma-hydroxybutyrate) -
Froquently Asked Questions. side

oper Use | Erecautions | Side Effects | Other Names Description.
ects or problems in children
htrml

. Pr
by

Home: Medications: Thorazine {chlorpromazine} . side
of Tharazine and increase the chance of drug side effects J J
to fe
center frazine
enter.c  Fhorazine
v
Parkinzon's Diseaze Drugs | blueprint bluecrossmn.com
dasags + Precautions + Side [
tive and reduces same of the side effects that occur when
uecrossmn comftopic/parkinsondrugs horawine:
Brhokazing — Thomzine
USP DI: Sulfonamides {Systemic) = -
Proper Use | Pracautions | Side Effects | Other Names Description. ,ﬂmémm;m?
L == =l
2 [ [ [y Computer P & [ 3 My Computer 4
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6 Quality of Visualization

Method

Procedure 18 questions, with 100 query results each
6 practice tasks Entire process took about 75 minutes

3 questions for each of the 4 task types

e.g., each participant would do one E-commerce question using
text, one E-commerce question using plain thumbnails, and one
E-commerce guestion using enhanced thumbnails

Questions blocked by type of summary
WebLogger recorded user actions during browsing
Semi-structured interview

Participants
12 members of the PARC community

WRIGHT STATE Department of Computer Science and Engineering 6-397



6 Quality of Visualization

Results

Average total search times, by task:
Picture: 61 secs
Homepage: 80 secs
E-commerce: 64 secs
Side effects: 128 secs

Results pooled across all tasks:

Subjects searched 20 seconds faster with enhanced thumbnails
than with plain

Subjects searched 30 seconds faster with enhanced thumbnails
than with text summaries

Mean search time overall was 83 seconds

WRIGHT STATE Department of Computer Science and Engineering 6-398



6 Quality of Visualization

Results

O text
B plin
O enhanced
Picture Homepage E-commerce Side-eflects
T . o
WRIGHT STATE Department of Computer Science and Engineering 6-399
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6 Quality of Visualization

Results: User Responses

Participants preferred enhanced thumbnails
7112 preferred overall
5/12 preferred for certain task types

Enhanced thumbnails are intuitive and less work than text
or plain thumbnails

One subject said searching for information with text summaries
did not seem hard until he used the enhanced thumbnails.

Many participants reported using genre information, cues
from the callouts, the relationship between search
terms, etc.

WRIGHT STATE Department of Computer Science and Engineering 6-400



6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up

WRIGHT STATE Department of Computer Science and Engineering 6402

UNIVERSITY



6 Quality of Visualization

Comparing Approaches

WRIG STATE Department of Computer Science and Engineering 6-404
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6 Quality of Visualization

Comparing 3 Commercial Systems

Alfred Kobsa, An Empirical Comparison of Three Commercial Information
Visualization Systems, INFOVIS'01.

it
e e
Lol o i e sl
,_g E T o T ﬂ.ﬂd
:w BAI0d OIE D P If. noa I—‘l'( - N' M. ) s = ° = = = = = - - - ~ - - - = = i
i X $ ' + Figure 1a. A screenshot ot S R T e e - -
1 i - from Eureka that shows m_"“":.

how a user might solve the

10

I

question “Did males cheat
more on their girlfriends
than females on their boy-
friends?” (an actual ques-
tion used in the experi-
ment). After grouping the
attribute “Gender” and sort-
ing the column “Did you
cheat?” a user can com-
pare the number of “Yes”
entries and thus find that
more females than males
indicated having cheated.
(One male and one female
gave no answers.)

Figure 1b. This screenshot
shows one possible way for
solving the same problem in
InfoZoam, specifically in its
overview mode. After click-
ing at, and thereby zooming
into, the "Yes” entries in the
attribute "Did you cheat?",
users can see from the
length of the bars in the
Gender  category  that
females indicated more fre-
quently  having cheated
than males.

lin

[
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el LT
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v
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il = heavy metal concentra-
B | tions through a scatterplot

diagram.

Dot D

ek mamatar
2 ten e e

_E o Tz

IR _ _
WRIGHT STATE Depaiuniciic ur Culnipuer ouiciive ai n Engineering 6-405
UNIVERSITY



6 Quality of Visualization

Comparing 3 Commercial Systems

Eureka (InXight)

2ia

- e e e

I R T

-

After grouping the

Figure 1a. A screenshot
attribute “Gender” and sort-

from Eureka that shows
how a user might solve the
question “Did males cheat
more on their girlfriends

than females on their boy-
tion used in the experi-

ing the column “Did you
cheat?,” a user can com-
entries and thus find that

more females than males
(One male and one female

pare the number of “Yes
indicated having cheated.
gave no answers.)

friends?” (an actual ques-

ment).
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6 Quality of Visualization

Comparing 3 Commercial Systems

InfoZoom (HumanIT)

Figure 1b. This screenshot
shows one possible way for
salving the same problem in
InfoZoom, specifically in its
overview mode. After click-
ing at, and thereby zooming
into, the "™Yes” entries in the
attribute "Did you cheat?"”,
users can see from the
length of the bars in the
Gender  category  that
fermales indicated more fre-
quently  having cheated
than males.

i >N

R
WRIGHT STATE
UNIVERSITY
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6 Quality of Visualization

Comparing 3 Commercial Systems
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6 Quality of Visualization

Infozoom Overview

‘Presents data in three different views.

-Wide view shows data set in a table format.

‘Compressed view packs the data set horizontally
to fit the window width.

Overview mode has all attributes in ascending or
descending order and independent of each other.

WRIGHT SFOE Department of Computer Science and Engineering 6-409
UNIVELSI 1S



6 Quality of Visualization

InfoZoom Overview View

nfoZoom - [Films.fox]
@File Edit “iew Atributes Ohjects Format Repodt  Options Window  Help
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6 Quality of Visualization

InfoZoom Overview View

ii datazoom task: o__tazk¥7o O] x|

datazoom task o taskiTo [ ey

Task Data | Task Parameters Data Zoorm |

Iz = o

| of 25 >l e

TE1 of TR1 records

10 attributes are different
D A -
Sey | fernale [ male
Age MO COOCmrere 00 r i3giagl ol {42 M3d] | | A8 (51150153154 (561571580 | [ 63111 [ Il
Income . [ — ———
SaocialStatus farmily [ single
Region city [ rural
LifelP [ | #*
HomelP o} [ »
Car Insurance Policy I (9] [ #*
Response I G | ®

=l ] 4] | »]

Save a5 new tahle | Retrieve addtl' instances |
T _ o
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6 Quality of Visualization

InfoZoom Compressed Table View

= InfoZoom - [Candy Corporations.fop] = IE’ Iil
GF File Edit ‘iew Aftributes Ohbjects Format  Report  Options  Wincdow  Help == =]
[ = &) & (& U 55 |
(RIS COpen Save Frint  Preview Chart Excel Report
Y @y = €« . o <) -] w2} &
Wide |Compr.. Oweni. Back fEmmEne Al Zoaom in Zoom . Exclude | Search
| =l e
Clueries Ferarm

lEiI HaPicture: wiehasufigideen jpg j
220 of 220 Ohject
42 Attributes differ

ey Eae -

BrowesedZpen column —

I

Motes
= Company Short Mame
= Company Name

= Location

=l structure of Corporation
-~ = CEO o
CEQ (Photo) Fie

liq

Upper Management EES
= Director of Staff S

= Dj B
Director of Staff (Photo) = ~ l — 2 1 -

= Division Head

I
L]

Type of Company Relation
Markets
Lines of Business Ee

|
L]

|
L]

- = Parent Company e -
IR
M“ :ﬁ ﬁ g |J {JInfoFoom340Er] I @3‘/2 Floppy (&2 I InfoZoom.ppt I @Intro I @ Excerpts from I...Il'amfoZoqm S |$ 5@5@@0% 1031 Ml
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6 Quality of Visualization

InfoZoom Wide Table View

= InfoZoom - [Films.fox] & =]
@File Edit “iew Atributes Ohjects Format Repodt  Options Window  Help _|E|5|
5
U ) »

[3 = = &h (&
(RI=T Open Sawe Print  Frewiew Chigurt Excel Report

iy iy %‘# “},‘E:l! 2] -] = 3

Widl}lNdeTable F Creeryi... Back Farmwardd All Zogmm in Zeom ... Exclude | Search
The actors with the most films j -
Clueries Ferarm
EI 4]
1740 of 1740 Objects 0 1 2 3 4 5 G T 8
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= Film 223 0 1 2 3 4 5 3 T 8=
= Tile Wild at Heart Goodbye Again  Humt for Red Terminator, The Terminator 2 | John Cleese on  [Au Revelr les The Ballad of Cyrano D«
October, The How to Irritate Enfams MNarayama Bergerac
People
= Year e 1990 1961 1990 1984 1991 1993 1987 1983 199
= Length 125 120 135 108 136 65 103 128 13
= Subject Drama Drama Drama Action Action Comedy Drama Drama Dran
= Actor Cage, Nicolas |[Perkins, Anthony | Connery, Sean |[Schwarzenegger Schwarzenegger| Cleese, John [Manesse, Depardiey
A I Gaspard —_— Gerard
= Actress i Dern, Laura Bergman, Ingrid Hamilton, Linda | Hamilton, Linda | Booth, Connie |[Racette, Missing Brochet,_
E— Francine
= Director i Lynch, Daniad Litvak, Anatole McTiernan, J. Cameron, ). Cameron, .J. Malle, Louis Imamura, Shohei Rappene:z
Jean-Pau
= Popularity e [ [} g 17 g 62 35 15 86
= Awards e Mo Mo No Mo Mo No Mo Mo Na
K1l _'I_I
Showy table in uncompressed mode IR
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6 Quality of Visualization

Datasets

-Multidimensional data: three databases were used

*Anonymized data from a web based dating
service (60 records, 27 variables)

*Technical data of cars sold in 1970 - 82
(406 records, 10 variables)

*Data on the concentration of heavy metals in
Sweden (2298 records, 14 variables)

WRIGHT S0 Department of Computer Science and Engineering 6414
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6 Quality of Visualization

Sample Questions

Do more women than men want their partners to have a
higher education?

What proportion of the men live in California?

Do all people who think the bar is a good place to meet a
mate also believe in love at first site?

Do heavier cars have more horsepower?
Which manufacturer produced the most cars in 19807

Is there a relationship between the displacement and
acceleration of a vehicle?

WRIGHT STATE Department of Computer Science and Engineering 6.415



6 Quality of Visualization

Experiment Design

* The experimenters generated 26 tasks from all
three data sefs.

- 83 participants. Between-subjects design.

Each was given one visualization system and all three
data sets.

» Type of visualization system was the independent
variable between them.

- 30 mins were given to solve the tasks of each data
set i.e 26 tasks in 90 mins.

WRIGHT S0 Department of Computer Science and Engineering 6415
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6 Quality of Visualization

Overall Results

* Mean task completion times:
* Infozoom users: 80 secs
» Spotfire users: 107 secs
» Eureka users: 110 secs

- Answer correctness.
* Infozoom users: 68%
» Spotfire users: 75%
* Eureka users: 71%
‘Not a time-error tradeoff
Spotfire more accurate only 6 questions

TR . : :
WRIGHT S™ATE Department of Computer Science and Engineering
UNIVELSITY
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6 Quality of Visualization

Eureka - problems

 Hidden labels: Labels are vertically aligned,
max 20 dimensions

- 3+ Attributes: Problems with queries
involving three or more attributes

» Correlation problems: Some participants had
trouble answering questions correctly that
involved correlations between two attributes.

WRIGHT S0 Department of Computer Science and Engineering 418
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6 Quality of Visualization

Spotfire - problems

 Cognitive setup costs: Takes participants
considerable time to decide on the right
representation and to correctly set the coordinates
and parameters.

- Biased by scatterplot default: Though powerful,
many problems cannot be solved (well) with it.

WRIGHT S0 Department of Computer Science and Engineering 6419
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6 Quality of Visualization

Infozoom - problems

- Erroneous Correlations

- Overview mode has all attributes sorted
independent of each other

* Narrow row height in compressed view

* Participants did not use row expansion and
scatterplot charting function which shows
correlations more accurately

WRIGHT S0 Department of Computer Science and Engineering 6-420
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6 Quality of Visualization

Geographic Questions

« Spotfire should have done better on these
*Which part of the country has the most copper

‘Is there a relationship between the
concentration of vanadium and that of zinc?

*Is there a low-level chrome area that is high in
vanadium

*Spotfire was only better only for the last question
(out of 6 geographic ones)

WRIGHT STATE Department of Computer Science and Engineering 6421
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DiSCUS s'l a l," 6 Quality of Visualization

*‘Many studies of this kind use relatively simple
tasks that mirror the strengths of the system

‘Find the one object with the maximum value for
a property

*Count how many of certain attributes there are

*This study looked at more complex, realistic, and
varied questions.

WRIGHT STATE Department of Computer Science and Engineering 6422
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DiSCUS s'l a l," 6 Quality of Visualization

-Success of a visualization system depends on many
factors:

* Properties supplied

-Spotfire doesn't visualize as many dimensions
simultaneously

Operations

»Zooming easy in InfoZoom:; allows for drill-down
as well

Zooming in Eureka causes context to be lost

-Column view in Eureka makes labels hard to see

WRIGHT STATE Department of Computer Science and Engineering 6423
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6 Quality of Visualization

InformationExploration—Shootout”

http://ivpr.cs.uml.edu/shootout/about.html

Data Mining Applications

One component focuses on visualization

T 11 _ : :
WRIGHT STATE Department of Computer Science and Engineering 6-424
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6 Quality of Visualization

Comparing Tree Views

T. Barlow and P. Neville, Comparison of 2D Visualizations of Hierarchies,
INFOVIS’O1.

Problem

Organization Chart is de facto standard for visualizing decision
trees. Is there a better compact view of the tree for the
overview window?

Solution
Two usability studies to determine which tree works best.

WRIGHT STATE Denartment of Computer Science and Engineering 6425



6 Quality of Visualization

Goal: Compact View of Tools
< Icicle Plot

Awerage sguare error (Gini index)
0042
D.IJ#I:I}"'\
0.038 -h\_\
0.036 b ]
0.034 o
0.032 i
0.030 1 1 1 1& 1T 1T 1

12345 67 89

Humber of leaves

|
type of bank ussd
]

CANCELLED: 2% 17% CANCELLEI: 4% o%
DEMATMED: T2% 25% DPEMATMEL: A5% a4

N in rnoda: Z1= Z18 N in node: 4azr 437
|

Average Revenus

|
I I
< 40_4501 == 40_4501

4 = ' |

Figure 1. Example of compact view in data mining
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6 Quality of Visualization

Decision Trees

Each split constitutes a rule or o
variable in predictive model — wranc .
Leaf @

Begin Splitting into nodes
Often hundreds of leaves

WPJG STATE Denartment of Computer Science and Engineering 6427
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= . 6 Quality gf Visualization
Decision Trees — What makes-agood
I 17atian
vistaltization
Uses
For novice-helps them understand models

Experts-initial evaluation of decisions tree without looking at
models

Criteria for usabllity in study
Ease of Interpretation of Topology (Parent Child Sibling relations)
Comparison of Node Size
User preference

TR 1] _ . :
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6 Quality of Visualization

Different views examined-in study
Org Chart Tree Ring Icicle Plot TreeMap
Organization Chart Tree ring Icicle Plot Treemap
12--: ’g—\ ;_ 2 124 3
i ‘(‘\\ T -
E’i_ﬁklil_‘:l'zﬂ =
:l’_izlj

Figure 2. Different views of the same tree

WRIGHT STATE Denartment of Computer Science and Engineering
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6 Quality of Visualization

Usabillity Test 1.

Users:
15 colleagues familiar with org chart but not others

Tasks
Is the tree binary or n-ary?
Is the tree balanced or unbalanced?
Find deepest common ancestor of two nodes
Number of levels?
Find three larges leaves (excluding org chart)

Data: Created 8 trees for analysis

Study Design
Randomized order of tasks
4X5 design (almost)
Timed task from appearance on screen until spacebar tap

WRIGHT STATE Denartment of Computer Science and Engineering 6-430



6 Quality of Visualization

Results

Response Time
TreeMap slowest; no statistical difference between others

Response Accuracy
No significant difference

User Preference
Prefer icicle map and org chart (faster)
Dislike tree map

WRIGHT STATE Denartment of Computer Science and Engineering 6431



6 Quality of Visualization

Discussion

Org chart served as benchmark

Icicle plot favored amongst others
Hypothesis: Same left to right / top to bottom structure

TreeRing did well

TreeMap suffered from poor accuracy

Offset of rectangles required because of off (which is needed for
selection)

WRIGHT STATE Denartment of Computer Science and Engineering 6432



6 Quality of Visualization

Usability Test II: Tree implementation

Three views:
TreeMap eliminated from this round

Tasks

Node Description

Four versions — select those nodes or leaves that meet certain
criteria

Node Analysis:

Memorize a highlighted node — find again after tree redrawn in
different position

TR 1] _ . :
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6 Quality of Visualization

Results

Tree rings slower for description but fast and accurate for
memory tasks

Perhaps due to unigue geometric forms / spatial clues

WRIGHT STATE Denartment of Computer Science and Engineering 6-434



6 Quality of Visualization

Conclusions

TreeMap not useful for this type of task

Org Chart/Icicle seem to be best overall
TreeRing has merits for certain tasks

Icicle chosen for implementation

Best design considering Org Chart could not be used for node
Size tasks

However:

Didn’'t seem to actually do tests on trees as large as the ones
they describe as typical of datamining

WRIGHT STATE Denartment of Computer Science and Engineering 6.435



6 Quality of Visualization

Visualizing Conversations

WRIG STATE Department of Computer Science and Engineering 6436
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Text-Based Chat

6 Quality of Visualization

Katesmiles1 enters

You tellHorse_99 me too

Horse_4949 says Real

Speci_Man_%98 says Where yvou frorm Kim?
Soaphox_T leaves, heading for the Gen-X Love #19
Horse_ 4949 says On here/

Horse_4949 says Lets go private and find out.
Mutad leaves heading for another room
Mutad leaves

Horse_Y9says Sure

speci_Man_98 says Ever been o new York?

TR LT

WRIGHT STATE
UNIVESSITY

katesmiles1 enters

You tellHorse_99  me too

Horse_ 599 says Real

Speci_Man_%93 says Where you from Kim?
Soaphox_T leaves, heading for the Gen-X Love #19
Soaphox_T says

GODESS_OFLOVE leaves, heading for the Gen-X Love #19
kKim_24_98 says connecticut

Haorse_ 949 How ald are you WMika®

Svcam leaves

Kim_24_92 says where are you from

Mutad says 16

You tell Horse_99  are yvou talking to me when you say Mika?
Speci_Man_%92 says Paducah, ky

Horse_ S99 says 24/mia

Horse_99 says “fes

You say 26

Kim_24_93says cool, I'm 257

Horse_99 says On heref

Horse_ 599 says Lets go private and find out.

Muta4 leaves heading for another room

Mutad leaves

Horse_S9says Sure.

Speci_Man_%98 says Ever heen to new York?

Department of Computer Science and Engineering

6-437




6 Quality of Visualization

Chat Circles

WRIGHT STATE Department of Computer Science and Engineering 6.438



Welcome to Chat Circles 2
Mamsion 231

Chat Circles

“Chat Circles is a graphical interface for synchronous communication
that uses abstract shapes to convey identity and activity.”

Each participant appears as a colored circle, which is accompanied
by the user name

Location of circles will also identify participants (important for many
users having similar colors associated)

Participants’ circles become larger when posting occurs (circle
adapts to text length)

Circle appears bright when posting occurs
Circles of inactive users fade in the background

WRIGHT STATE Department of Computer Science and Engineering 6-430



Chat Circles —
conversational Groupings

There is only ONE room in Chat Circles

Groupings are achieved by moving closer to other
participants

At any time, a participant can view all other participants

A participant can also detect interesting conversations in
different areas of the room by looking at how many
circles are gathered and how often circles become
larger

Overview panel in Chat Circles Il nice example of focus +
context

WRIGHT S™ATE Department of Computer Science and Engineering 6-440



6 Quality of Visualization

Chat Circles History

>
message length

WRIGHT S™ATE Department of Computer Science and Engineering 6-401



6 Quality of Visualization

History Log Patterns

+ Easy to see “lurkers”

+ Sequence and size of
messages quickly visible

- Not very scalable

WRIGHT STATE Department of Computer Science and Engineering 6442



6 Quality of Visualization

History Log Patterns

+/- User-centric: only 1 point  of
view represented

- Impossible to see all the
text at once — requires
Individual mouse rollovers

- Easy to see “out of range”
conversations — but why
would you want to?

WRIGHT STATE Department of Computer Science and Engineering 6443



6 Quality of Visualization

Agenda

Introduction

Visual Principles

What Works?

Visualization in Analysis & Problem Solving
Visualizing Documents & Search
Comparing Visualization Techniques
Design Exercise

Wrap-Up

WRIGHT STATE Department of Computer Science and Engineering 6444

UNIVERSITY



6 Quality of Visualization

Design Exercise

WRIG STATE Department of Computer Science and Engineering 6-445
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6 Quality of Visualization

Design Exercise
BreakingStory

(Reffel, Fitzpatrick, Ayedelott SIMS final project, at CHI 2003)

Create an application that supplies a visualization for trends over
time in web-based news. The primary purpose is to provide
an overview, but it should also be possible to view text from
individual news sources on specific days. Its goal is to inform,

inspire, and enlighten, and also to make people want to look
more deeply at the news.

WRIGHT STATE Department of Computer Science and Engineering 6-446
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What is BreakingStory?

BreakingStory is a tool to help yvou explore anline news, Curious
about when a phrase was first mentioned? Wondering if
references to a current event vary by geographic region? Here
wou can find out!

How do you use it?

You can use this site to seach for words or phrases that have
appeared in online news. The results wlll be displayed in one or
more charts that show the history of references.

Single Chart ¥iew allows you to examine references from one
geographic area ar news site,

Multiple Chart View shows a number of small charts next to
each other, allowing you to compare references from different
geographic areas or news sites.

You can also view the full text of the front pages that matched
wour search,

Don't know where ta begin? Try looking at an example: Waorld
Aids Day

Want More?

Help - suggestions, adwvice for using BreakingStory

Site List - the news sites we collect and their locations
Ead - the who what when where how of BreakingStory
Project Page - detailed information on the project

E-mail us - we want to hear yvour comments, really we do

Step 1: Enter Search Term(s) [Meedhep?]

First word or phrase: |

j &dd another term for comparison

Step 2: Select Date Range [Meed help?]

IDEMarDB vI to |D4AprI]3 TI

Step 3: Choose One of [Meed help?]

Two Views

Single Chart View

Choose a news site or collection of news sites, by selecting
one of the following:

Individual Mews Site: - j
all Mews Sites in Country:|— j
all Mews Sites in Region: |All news sites j

Yy 53 Sinnlae Chat I



BreakingStory

Front page hits for:

oil peace

Selected date range:

05 March 2003 to 04 April 2003 (31 days total)

Wiorld =
Africa
3.00

z.0o0
1.00

0.00

05 har 04 Apr

{wiew large chart)

World =
Asia
3.00

05 har 0¢ Apr

{wigw large chart)

Wiorld =
Europe
3.00

2.00
1.00

0.oo

05 har 0 épr

{wiew large chart

World =

Latin America and
the Caribbean

3.00

]
1.00

0.00
05 har 04 Apr

World =

Middle East / Morth
Africa

3.00

05 har 04 Apr

World =
Morth America
3.00

2.00

1.00

0.oo

05 har 0 épr

Change Search Term(s) [Meed help?

First word or phrase: ||:|iI

Second word or phrase: |pea|::e

Third word ar phrase: |

Add another term for comparisan

Change Date Range [Heed help?

IDEMarEIS 'I to IEldlAprEIS vI

Change View [Need help?

Redisplay Multiple Select New

Charts Multiple Charts
TR TR TR TR

Fedisplay Charts | aelect Mew Charts |




‘ront page hits for:

oil peace

selected date range:

BreakingStory

17 August 2002 to 04 April 2003 (231 days total)

wiord =
Africa
&.00

17 fug 04 Apr

(wiew large chart?

17 Aug 0 spr
Cwiew large chart’

Wiorld =
Europe
£.00

17 fug 04 fpr

(wiew large chart

World =

Latin America and
the Caribbean

£.00

17 Aug 0¢ Apr

P (N (R T 1

World =

Middle East / Morth
Africa

£.00

17 fug 0 épr

AL [ (RN S 1

World =
HMorth america
.00

17 Aug 04 Apr

[ L R [ B

Change Search Term(s)

First word or phrase:

|ail

Second word or phrase: |pea|::e

Third word or phrase:

Fourth word or phrase:

Add another term for comparison

Change Date Range
to |D4Apr03 vI

|1?AugDE 'I

Change View

Redisplay Multiple

Charts

el

[ =

Meed help?

Select New
Multiple Charts

HMeed help?

Meed help?



‘ront page hits:
Change Search Term({s) [Heed help?]

werage references per page (total references)

oil: 0.26 (1794 total references in 1305 pages)

peace: 0,22 (1494 total references in 1163 pages)

First word or phrase: ||:|iI

Second word or phrase: |pea|::e

relected date range: Third ward aor phrase: |

17 August 2002 to 04 April 2003 (231 days total) Fourth word or phrase: |

add another term for comparison

Yorld > North America Change Date Range [Meed help?]

200 [17 Aug02 =] to [044pr03 =]

Change News Sites(s) [MNeed help?]

1.450

To choose a different news site or collection of news
sites, select one of the following:

1.00

Individual News Site: |—

All Mews Sites in I_
Country:

all Mews Sites in
050 - Region:

|N|:|rth Armerica

Change View [Need help?]

o.on

17 Augl | | | | | | 104 for

Redisplay Select
Jllow a link below to view a chart for an individual country, From there, Single Chart Multiple Charts



6 Quality of Visualization

Another Approach: ThemeRiver

S. Havre, B. Hetzler, L. Nowell, "ThemeRiver: Visualizing Theme Changes over Time," Proc. IEEE
Symposium on Information Visualization, 2000

WRIGHT STATE Department of Computer Science and Engineering 6.451
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6 Quality of Visualization

Wrap-up: Guidelines for Success

WRIG STATE Department of Computer Science and Engineering 6.452
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6 Quality of Visualization

Key Questions to Ask about a Viz

Is it for analysis or presentation?

What does it teach/show/elucidate?

What is the key contribution?

What are some compelling, useful examples?
Could it have been done more simply?

Have there been usability studies done? What do
they show?

A

WRIGHT STATE Department of Computer Science and Engineering 6.453



6 Quality of Visualization

Holistic Design Goals for Information
Visualization

Tailor to the application and the domain

Create highly interactive and integrated systems
Embed the visualization within a larger application
Provide alternative views

WRIGHT STATE Department of Computer Science and Engineering 454
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ality of Visualization

Visualization with a Lig ; :

HAOIESS [42 ] NELp:ffwwe, Orbitz, camyf

m VISIT PLANET EARTH

J flights / hotels / car

!

giich search | flights m A

April 2003

We Th

round trip one-way multi-city
*rcity narme (., Boston), oF airport code
from IWhere fram?
to Il.-'-.lhere ta?
® Ineedtotravel on specific dates
v dates are flexible anada
g d flexible (LS & Canada)
i fram®
leave I.ﬁ.pr ;I I 11 ;I Ian',ltime ;I ¥ 4209
¥ $83
return IP.pr ;”18;' Ianl,'time ;I ¥ $183
P 4277
¥ Fly ¥Wirgin AHantic to London this Spring! $3095
select up to 4 travelers » Caribbean: Antigua, Barbados, Trinidad Sale $234
I 1 - I adult (12-64) I 0 - I child (2-11) ¥ American Aidines: Caribbean Sale $230
¥ Students Only- Airfare deals everywhere  $79
IU TI senior [E5+] 2 see all flight deals
12-17 traveling alone other travel deals fram*
» Orbitz Rewards - FREE airport parking! $G0% N
F4  Need a hotel? > Air/Hotel/Car Deals with NEAT E-Packs  $SAVE$
zave up to 75% on vour hotel rezervatian * Last Minute Cruise Deals $240
¥ Homeland Cruises-Sales Close to Home $SAVEL
] P » Wacation Picks Just For You! $SAYEL
full search options SEARCH * Popular sunny destinations on sale! $SAYES
Hﬂm R * Some taxes, fees additional. Learn more.
WRIGHT STAT ;‘ g 6-455
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Visualization with a Light TQUCH:.....c.

Orbitz.com

TRAVEL WATCH MY STUFF REWARDS

51GN OUT  HELP

@ Select Seat(s) - Flight 2 of 2: Miami to San Francisco @ help with this page

Flight: armerican airlines 1539 Aircraft: Boeing 767-300 Passenger
Cabin: Economy Duration: &6 b 4 min

Select a passenger

&~ [1) 288 MARTI HEARST

Select a Seat  available [Jf) =2 unavailable

1 &9 &9 9 &9 g5

£ &9 &9 £9 9 =9 &9 &9 &9 29 £9 £9 &9 &9 &9 &9 9 &9 &9 &9 &4

H £G €9 €9 £ =] el e ReB=eR=e = e e Re R l=v = l=e el R=eh=oN N J J=¢
1o 11 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 20 21 32 323 34 35 26 37 22 329 40 41
¢ 9 €9 &9 &9 Sef=el=el=ef=el=el=el=eh=eR=el=ch=ell J=eh=+§ N N N N N K=
E £9 &9 &9 &9 e R l=el=ef=vl J=eli=el=eR=eli=el=eR=ni=el=ell E=oN BN N
c €9 £9 &4 &4 SR l=e e R i fe = R R =l e Re =l RoR=el BN B
10 11 12 13 14 13 1 17 18 19 20 21 22 23 24 25 26 27 28 29 20 231 32 33 34 35 36 37 38 32 40 41

B &9 &9 &9 &4 =9 0999099 PIIIII WIS WD DD

A £4 9 €9 &9 =) e e R=e = B=o B=c §=e § e R R R=v J=v e §e §e R=e B=v =l J J=¢

Submit Seats - Flight 2 of 2! Miami to San Francisco 0000000 =

EACHK
B T T [ T, T T [ T T [ R [ | . | =1 L




Visualization with a Light TQUCH:.....c.
Orbitz.com

we're searching to find you the

low fares and options you want...

WRIGHT STATE Department of Computer Science and Engineering 6457
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Visualization with a Light Touch: Orbitz.com

uallty of Visualization

ENFVEE §F &

deals

/ hotels /
w  DISPLAY

cars / cruises ;/ packages / FRLUE Gl eI TRAVEL WATCH MY STUFF REWARDS

5IGN oUT

OREITE HEEE

@ help with thiz page
AT BT CHET ]

Cakland (Al Locations), C& (04K
Mew vork (Al Locations), Ny (MvYC)

Fri, Apr 11 anytime © change search

Mew vork (all Locations), MY (MvC)
Cakland (All Locations), Ca (DAK)

Fri, &pr 18 anytime

LIS Ajrw ags

@)

tip )

list flights by: ® |owest price

PRICE [USD) AIRLIME
= American Aidines £62
SEL
4279 airfare Ametican Aidines 590
£5 service fee (FriApril
%234 trip cost American Aidines 1309
Fri, &pr 18
American Aidines 1463
Fri, fpr 18
5 American Aidines 554
=EL
4220 airfare American Aidines 590
$5 service fes Fri, &dpr 11

&) departure times

SELECT  Ansrican United Frotien
STOPS Sirlin ez Airlin es

Sfff.j:w $3324 $345+ $347+ 482+ $733+ 7454 £5924 £15344
tR384 714 3544 $1564+

ptices above are per person and may not be purchased on Orbitz without applicable service fees

e checked for better fares at nearby airports, and vour search found our lowest prices.
Lowest fare below beats this trip's 30-day average by $81

) shortest flights

TIMES FROM [airport codes
§:20a-1:44p | Cakland [(OAK)
plane change
5:28p-10:03p Dallas/Fort Warth [DFW)
3:53p-0:04p
plane change
10:01p-11:45p Dallaz/Fart Warth [DFW)

Mew York (JFK]

10:00a-3:24p
plane change
3:28p-10:03p

Cakland (OAK]

CallasfFart Warth (DFW)

TO (airport codes STOPS
Callazs/Fart Warth [DFW) 1

Mew York [IFK)
total duration: 10h 432min
Callas/Fart Warth [DFW) 1

Cakland (DAK)
total duration: 2h S2min

Drallas/Fart Warth (DFW i

Mew York [JFE)
tu:-tal duratlu:-n ‘Bh 2min
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Visualization with a Light Touch: Orbitz.com

6 Quality of Visualization
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search location: Fort Lauderdale (Fort Lauderdale Beach}), Florida, United e
States chet
[rowsganvassf b Y ak ][ ak [ mwkm | xaan] od
i - - - am

| from $63 from $59 DIl

2-5 miles from %55 from 47 from $69 from 182

. from $43 | from $45 | from $59 | from $99 | from $270

loak below to find: All hotels at all distances from Fort Lauderdale (Fort Lauderdale Beach) -
list hotels by: © price ©@ distanc{ = from 209 Marriott Fort Lauderdale Marina
; M
from 119 Holiday Inn FT L o) oft 1581 Southeast 17th Street, Fort Lauderdale, FL 33316 * % &
, [Tl 2.7 Miles South of Fort Lauderdale (Fort Lauderdale Beach)
‘\.‘@&“’dﬁm 39:':_?'4: I;Eau'ier:'?: Located two rmiles south of downtown, the Fort Lauderdale Marricott Marina is nestled in an
- hnes Lasto upscale marina on Flarida's beautiful Intracoastal Waterway: a series of residential canals
Each of cur 240 guestrooms has leading to the ocean, The Broward County Convention Center and Part..,
safe and refrigerator,irons,data p hotel and roor details, photos and maps
?‘u—-':‘:rtjr.;?'u-:;I-tl'ur:r:?e:ani‘l:‘svf:nf:sdaijl:na awg. nightly rate roam description
awg. nightly rate @ 209.00 USD Spectacular wiew of our tropically landscaped...
’ =EL
- 118.80 USD .. .
Orbitz Saver (2iZ50) 219.00 USD wiatch luxury wachts cruising the intracoastal,..
I M SEL
ﬁ 118.80 USD rnore rates and rooms
ji:*ahaai Urbitz=aver - tull pre-payment required upon...
Orbitz Saver 118.80 USD 2 double beds srmoking

more rates and rooms

from 134 Doubletree Hotel Ft. Lauderdale-Oceanfront

@ 440 Seabreeze Boulevard, Ft Lauderdale, FL 332316 +* W
o DOUBLETREE 4 4 pMiles South of Fort Lauderdale (Fort Lauderdale Beach)

ng 6-459

Ideally located an beautiful Ft. Lauderdale Beach, bordered by the sparkling Atlantic and
e Trbrarmaet=l W atera=u Fhe Pieiiblatreas BF | stidardala Sirae arfrermd (=2 uetir R e




6 Quality of Visualization

For more information

My course:

Atlas of Cyberspaces:

Gallery of Data Visualization; The Best and Worst of Statistical Graphics

Tamara Munzner’s collection:

[T P~ . . .
WRIGHT STATE Department of Computer Science and Engineering 6-460
UNIVERSITY


http://www.sims.berkeley.edu/courses/is247/s02/Lectures.html
http://www.geog.ucl.ac.uk/casa/martin/atlas/atlas.html
http://www.math.yorku.ca/SCS/Gallery/
http://graphics.stanford.edu/courses/cs348c-96-fall/resources.html

