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HOW MUCH DATA IS THERE!?



2010: |.2 zetabytes
201 1: |.8 zetabytes

zetabyte ~= 1,000,000,000,000,000,000,000,000 or | 0%
200x all words ever spoken by humans

9x increase over 5 years

[Gantz et al 201 ] http://www.jamesshuggins.com/h/tek|/how_big.htm
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The ability to take data—to be able to understand it,
to process it, to extract value from it, to visualize
it, to communicate it—that’s going to be a hugely
important skill in the next decades, ... because now we
really do have essentially free and ubiquitous data. So the
complimentary scarce factor is the ability to understand
that data and extract value from it.

Hal Varian, Google’s Chief Economist
The McKinsey Quarterly, Jan 2009
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VISUALIZATION ...

|) uses perception to free up cognition



MEMORY IS LIMITED



34

calculation exercise ... X 28




79

calculation exercise ... X 16




VISUALIZATION ...

|) uses perception to free up cognition

2) serves as an external aid to augment
working memory



vi-su-al-i-za:tion

noun, plural -s

|) formation of mental visual images

2) the act or process of interpreting in visual terms
or of putting into visible form

“The use of computer-generated, interactive, visual
representations of data to amplify cognition.”

[Card, Mackinlay, & Shneiderman 1999]
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“It is things that make us smart”

Donald Norman

http://citrinitas.com/history of viscom
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“It is things that make us smart”
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query exercise ...

TRIGLYCERIDE LEVEL

Males Females
Income Group Under 65 65 or Over Under 65 65 or Over

0-$24,999 250 200 375 550
$25,000+ 430 300 700 500

QUESTION:

Which gender and income level shows a different
effect of age on triglyceride levels!

23



TRIGLYCERIDE LEVEL
700 o\
525 —
350 \

- M

0
Under 65 65 or Over

Males Females
O 0-$24999 © $25,000+ 0-$24,999 © $25,000+

QUESTION:
Which gender and income level shows a different
effect of age on triglyceride levels!



Why do we create visualizations!?

-answer questions

-generate hypotheses

-make decisions

-see data in context

-expand memory

-support computational analysis
-find patterns

-tell a story

-Inspire

25



VISUALIZATION GOALS

-record information

-ahalyze data to support reasoning

-confirm hypotheses

-commuhnicate ideas to others

26



RECORD INFORMATION

27
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ANALYZE DATA
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THE CHALLENGER
DISASTER

http3ﬁ’en.wikipé;lia.org/wiki/FiIe:C allenger_explosion.jpg
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HISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS

3
- L, Cross Sectional View Top View
& Erosion Perimeter Nominal Length Of Total Heat Clocking
3 Nrf SaM Depth Affected Dia, Max Erosfon Affected Length Lecation
of Ho. _(in.) (deg) (in.) (in.) (in.) d
61A LH Ccntorlﬂold" N i N Non ' --pbf*
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.:"s::tsgzhg:‘t’hpg?:‘::;eg.l? ngt:tty. Indication of heat on O-ring, but no damage.
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Clocking location of leak check port - 0 deg.
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SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY O-RING, BUT NO O-RING EROSION
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Tufte 1997



DECISION MAKING

O-rning damage

index, each launch

12

8

Tufte 1997

9
SRM 15
LI
26°-29° range of forecasted temperatures
(as of January 27, 1986) for the launch o
of space shuttle Challenger on January 28
35° 40° 45 50° 55 6o’ 65

Temperature (°F) of field joints at time of launch
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How Different Groups Spend Their Day
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Tamara Munzner
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Visualization

A major application area of computer graphics is visualization, where computer-
generated images are used to help people understand both spatial and non-spatial
data. Visualization is used when the goal is to augment human capabilities in
situations where the problem is not sufficiently well defined for a computer to
handle algorithmically. If a totally automatic solution can completely replace hu-
man judgement, then visualization is not typically required. Visualization can be
used to generate new hypotheses when exploring a completely unfamiliar dataset,
to confirm existing hypotheses in a partially understood dataset, or to present in-
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The Value of Visualization

Jarke J. van Wijk*
Dept. Mathematics and Computer Science
Technische Universiteit Eindhoven

ABSTRACT

The field of Visualization is getting mature. Many problems have
been solved, and new directions are sought for. In order to make
good choices, an understanding of the purpose and meaning of vi-
sualization is needed. Especially, it would be nice if we could as-
sess what a good visualization is. In this paper an attempt is made
to determine the value of visualization. A technological viewpoint
is adopted, where the value of visualization is measured based on
effectiveness and efficiency. An economic model of visualization
is presented, and benefits and costs are established. Next, conse-
quences for and limitations of visualization are discussed (including
the use of alternative methods, high initial costs, subjectiveness, and
the role of interaction), as well as examples of the use of the model
for the judgement of existing classes of methods and understanding
why they are or are not used in practice. Furthermore, two alter-
native views on visualization are presented and discussed: viewing
visualization as an art or as a scientific discipline. Implications and
future directions are identified.

CR Categories: H.5.2 [Information Interfaces and Presenta-
tion]: User Interfaces; 1.3.6 [Computer Graphics]: Methodology
and Techniques 1.3.8 [Computer Graphics]: Applications

Keywords: Visualization, evaluation

1 INTRODUCTION

Modem society is confronted with a data explosion. Acquisition
devices like MRI-scanners, large scale simulations on supercom-
puters, but also stock trading at stock exchanges produce very large
amounts of data. Visualization of data makes it possible for re-
searchers, analysts, engineers, and the lay audience to obtain insight

In this paper I want to give a contribution to the discussion on the
status and possible directions of our field. Rather than to pinpoint
specific topics and activities, my aim is to detect overall patterns,
and to find a way to understand and qualify visualization in general.
This is an ambitious and vague plan, although the basic ground for
this is highly practical.

I have to make decisions on visualization in many roles. As a
researcher, decisions have to be made ranging from which area to
spend time on to which particular solution to implement; as a su-
pervisor, guidance to students must be provided; as a reviewer, new
results and proposals for new research must be judged, and opinions
are expected if they are worth publishing or funding; as advisor in
a start-up company, novel and profitable directions must be spot-
ted. All these cases imply judgement of the value of visualization
in varying senses.

How to assess the value of visualization? Visualization itself is
an ambiguous term. It can refer to the research discipline, to a tech-
nology, to a specific technique, or to the visual result. If visualiza-
tion is considered as a technology, i.e., as a collection of methods,
techniques, and tools developed and applied to satisfy a need, then
standard measures apply: Visualization has to be effective and effi-
cient. In other words, visualization should do what it is supposed
to do, and has to do this using a minimal amount of resources. One
immediate and obvious implication is that we cannot judge visu-
alization on its own, but have to take into account the context in
which it is used .

In section 2 a short overview is given of the background of the
topic discussed here. In section 3 an economic model of visualiza-
tion is proposed. The basic elements are identified first, the asso-
ciated costs and gains are added next. Various implications of the
model are discussed in section 4. In section 5 this model is applied
to several cases. In section 6 the model is discussed and alternative
views are considered, followed by conclusions in section 7.
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The goal of this course is to provide a
framework for discussing, critiquing, and
designing information visualizations.

By the end of this course you will be able to

evaluate and design information
visualizations using appropriate vocabulary

and principles.
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PRINCIPLES

-design

-process

-data

-visual encoding
-tasks and interaction

-abstraction
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METHODS

-visual representations
-multiple views

-filtering and aggregation
-dimensionality reduction

-evaluation
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A TOUR THROUGH THE ZOO

-tabular data
-graphs and trees
-text

-Maps

-toolkits
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-Jim Agutter, Considering the Human

-student presentations
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SCHEDULE | SYLLABUS | LECTURES | PROJECTS | PRESENTATIONS | PARTICIPATION | RESOURCES

INSTRUCTOR: Miriah Meyer
TIME: T/Th 2-3:20pm

PLACE: 1450 WEB

OFFICE HRS: T 3:30-5:30pm,
4887 WEB

The goal of this course is to develop a vocabulary and framework for discussing, critiquing, and designing information visualization tools.
The course syllabus and schedule are still tentative and subject to change.

SCHEDULE

WEEK DATE TOPIC DATE TOPIC
1 1/10 Introduction 1/12 Design
2 1/17 Process 1/19 Data
3 1/24 Visual encoding 1/26 Tasks and interaction
4 1/31 Data and task abstraction 1 2/2 noclass
5 2/7 Visual representations 2/9 Multiple views
6 2/14 Filtering and aggregation 2/16 Dimensionality reduction
7 2/21 Data and task abstraction 2 2/23 Tabular data
8 2/28 Graphs and trees 3/1 Text
9 3/6 Maps 3/8 Toolkits
10 3/12 no class 3/14 no class
11 3/20 Design studies 3/22 Considering the human
12 3/27 Project updates 1 3/29 Project updates 2
13 4/3 Project updates 3 4/5 Student presentations, tbd
14

4/10 Student presentations, tbd 4/12 Stuaent presentations, tbd
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VISUAL AND STATISTICAL THINKING 39

The Decision to Launch the Space Shuttle Challenger

ON January 28, 1986, the space shuttle Challenger exploded and seven
astronauts died because two rubber O-rings leaked.?? These rings had

lost their resiliency because the shuttle was launched on a very cold day.

Ambient temperatures were in the low 30s and the O-rings themselves
were much colder, less than 20°F.

One day before the flight, the predicted temperature for the launch
was 26° to 29°. Concerned that the rings would not seal at such a cold
temperature, the engineers who designed the rocket opposed launching

Challenger the next day. Their misgivings derived from several sources:

a history of O-ring damage during previous cool-weather launches of
the shuttle, the physics of resiliency (which declines exponentially with
cooling), and experimental data.?? Presented in 13 charts, this evidence
was faxed to NAsa, the government agency responsible for the flight.
A high-level nasa official responded that he was “appalled” by the
recommendation not to launch and indicated that the rocket-maker,
Morton Thiokol, should reconsider, even though this was Thiokol’s
only no-launch recommendation in 12 years.2* Other nasa officials
pointed out serious weaknesses in the charts. Reassessing the situation
after these skeptical responses, the Thiokol managers changed their
minds and decided that they now favored launching the next day.
They said the evidence presented by the engineers was inconclusive,
that cool temperatures were not linked to O-ring problems.?s

Thus the exact cause of the accident was intensely debated during
the evening before the launch. That is, for hours, the rocket engineers
and managers considered the question: Will the rubber O-rings fail
catastrophically tomorrow becatse of the cold weather? These discussions

22 My sources are the five-volume Report
of the Presidential Commission on the Space
Shuttle Challenger Accident (Washington,
DC, 1986) hereafter cited as PCSSCA;
Committee on Science and Technology,
House of Representatives, Investigation of
the Challenger Accident (Washington, pc,
1986); Richard P. Feynman, “What Do
You Care What Other People Think ?"
Further Adventures of a Curious Character
(New York, 1988); Richard S. Lewis,
Challenger: The Final Voyage (New York,
1988); Frederick Lighthall, “Launching
the Space Shuttle Challenger: Disci-
plinary Deficiencies in the Analysis of
Engineering Data,” I1EEE Transactions
on Engineering Management, 38 (February
1991), pp. 63—74; and Diane Vaughan,
The Challenger Launch Decision: Risky
Technology, Culture, and Deviance at
NASA (Chicago, 1996). The text ac-
companying the images at left is based
on PCSSCA, volume 1, pp. 6-9, 19-32,
52, 60. Illustrations of shuttle at upper
left by Weilin Wu and Edward Tufte,

23 PCSSCA, volume1, pp. 82-113.
24 PCSSCA, volumes1, p. 107.

28 pCSSCA, volume1, p. 108.



