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vi-su-al-i-za-tion

|. Formation of mental
visual images

2. The act or process
of interpreting in
visual terms or of
putting into visible
form



Visualization Definition

Visualization is the process that transforms

(abstract) data into

Interactive graphical representations for the purpose of
exploration, confirmation, or presentation.



Why Visualize?

To inform humans: Communication

How did the unemployment and labor force develop over the last
years?

When questions are not well defined:
Exploration

Which combination of genes causes cancer?

Which drug can help patient X7

Unemployment rate

EEEEEE

Share of unemployed out of
work for six months or more

EEEEEE NOW
17.4% 34.4%

[New York Times]


http://www.nytimes.com/interactive/2014/06/14/business/this-side-of-the-recession.html?ref=economy

Purpose of Visualization

[Obama Administration]
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Example Communication

Why Peyton Manning's Record Wil Peyton i
Be Hard to Beat

By GREGOR AISCH and KEVIN QUEALY OCT. 19, 2014

» Dan Marino /

- . . 400
I'he Broncos quarterback set the all-time N.F.L.
touchdown passing record — and is still going strong. | Drew Brees
/" Tom Brady
» Fran Tarkenton
300 touchdown / / John Elway/
passes Johnny Unitas -/ / »
/ ; Dan Fouts
Y.A. ltt.le e John Hadl / » Drew Bledsoen £1i Manning
» Tony Romo
S /¢ Aaron Rodgers
_— Sammy Baugh
| » Jay Cutler
» Joe Flacco
100 » Matthew Stafford
Benny Friedman Andrew Luck
/ ! Russell Wilson
Steve 1“3”3__,(.‘13} » Robert Griffin
1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

[New York Times]


http://www.nytimes.com/interactive/2014/10/19/upshot/peyton-manning-breaks-touchdown-passing-record.html?abt=0002&abg=1&smid=tw-upshotnyt
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Why Graphics?

Figures are richer; provide more
information with less clutter and in less

space.

Figures provide the gestalt effect: they give
an overview; make structure more visible.

Total Bandwidth

(millions of bits per second)

K it 10
‘ , '

Figures are more accessible, easier to

understand, faster to grasp, more
comprehensible, more memorable, more

fun, and less formal.

(’ L—JLZ%I Ep' ;




New Yorker, postet by Alberto Cairo
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When not to visualize?
When to automate?

Well defined question on well-defined dataset

Which gene is most frequently mutated in this set of patients?

What is the current unemployment rate?

Decisions needed in minimal time
High frequency stock market trading: which stock to buy/sell?

Manufacturing: is bottle broken?
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http://blog.lnsresearch.com/blog/bid/148014/Top-5-Quality-Management-Mistakes-Affecting-Operational-Excellence

The Ability Matrix

Performance of a Computer

Data Storage
Insight is generated by the human

— not the computer!

Numerical
Calculations
Searching/Finding Planning
. Diagnosis
Logic Prediction

Cognition
Common Knowledge
Creativity

Performance of a Human



Why Use Computers?

Scale

Drawing by hand infeasible
How to draw an MRI scan?

[Bruckner 2007]



Why Use Computers?

Scale

Interaction allows to “drill
down” into data

Integration with algorithms

[Sunburst by John Stasko, Implementation in Caleydo by Christian Partl]



Why User Computers?

Efficiency

Re-use charts / methods for
different datasets

Quality

Precise data driven rendering

Storytelling

Use time




Tell Stories




Why not just use Statistics?
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Anscombe’s Quartett

Mean x: 9y: 7.50

Variance x: 11y:4.122

Correlation x -y: 0.816

Linear regression: y = 3.00 + 0.500x




Good Data Visualization

.. makes data accessible

.. combines strengths of
humans and computers

.. enables insight

.. communicates



How did we get here?
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Anaamadet's hap of the YWorld
Konya town map, Turkey, c. 6200 BC

Anaximander of Miletus, c. 550 BC

Milestones Project



http://www.datavis.ca/milestones/

Record

LW W PR P

. 5S4 3 - oy’

V' 1a setida Ranpd A] rand ops
W ] ol e | viedJo

anpi) sl A

1) wiv
ST o posei) o

I 4y o T
‘,.;,\_. flud B i o
- 4,7 % i ailp Al o]y by
B Th S el A B L pqedfu SAwp Sy~ Y]
oy ye £ . - ] T EL AL o8 "“:."'

’ Tow slomy
LI PO ir Y W amda) et v vy

Leonardo DaVinci, ca. 1500

N T
5

- - e

¥ L e &
A%, )7

X

-
-

o

'.@-
S s
NS
¥ e

D .

-~
.

.

-

p 7 . %~

'/ 4 o Hlde sillvians | Degpeniemeliel”
'.-'ﬂa'j walafdicin " . ‘ 2
[ & v Laalsfidisirn /ulﬂa:a:t:&a'?:‘?l

- e ML pracrprrerecire M

N

'

William Curtis (1746-1799)

ARSI LA e,
S S AR AR

Galileo Galilei, 1616

Donald Norman The History of Visual Communication

The Galileo Project, Rice University



http://galileo.rice.edu/sci/observations/moon.html
http://www.citrinitas.com/history_of_viscom/masters.html
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E. J. Muybridge, 1878



http://en.wikipedia.org/wiki/Eadweard_Muybridge
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Analyze

Exports and Imports to and from DENMARK % NORWAY fiom yoo to 1780
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http://en.wikipedia.org/wiki/William_Playfair
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E. Tufte,Visual Explanations, 1997



Communicate

TABLEAU CRAPHIOUE de

— —

en dcg)ri« dz thermametrs de Réammr ou dessous o zéro.

Sl l
r} Nirak
la tempera
e

L F ¢ ¢ L > s
@(IJ'[Z’ C Ejlll '(]bU(’z ded pedics, duccessives enBowmes de . Qrsie. o Tangaide - daus, fa Caowpagne - de- € 9\-[14’5!6- AN812 ~1813.
Oeeavie prac c/“( /IE“t(t:a o '.l«or-d:-' K {F’ wecal. dcs Fouls u..-(%.w.u:«.« e vetraile - ~
I 7 7 - — e.i:u«:- ,Ae. 20 4_)’¢w«¢./."r(. 1(96:9
4‘-44 o3 af&n-ma ra}mu A-Wc«w 1»9?014«-)-(4 &4 ‘q;na clocdes & saivon e weillimetic PemE. 3&&«6&2_4ch; ils comi— Jc-]’fsw cculd em YEaver: e t.\IOS con
30»55‘& . fv,&m’p W’N .Lumma..qﬁ4f¢Wm 'm-uXuMio) Lo ARt O A e les Acw(’wm&a G ot deawy & deessee S anle g 8L fuixk., ‘Q %
s Log owonages deo AT Chiers, deeegur; decFezondac; de Chambray afe Jowomal inidindc Jacol; phacwmacionded Qemie- 2epric I 28 Ocdibee. N
ﬁww{a«u 3‘7“".'" Loil Lo Diminalion. hl'.mm;c . (, '.n'/,d-rro.‘c: 1»‘0 oo 2 Livwce Devomi ermdn Mavedial Davenss- .}m'. avaicwi—ete MNtachis sne Iwmsx - Biigns \ 2
o o » ' :
e THdlin cimtejrmie sce) Oeaclon t4~- '“Mo‘ok, A Ao ne wed warchi: avec Laonece . Gyt ¥ ;
20 @
s 5
Lolotzk
lavedetoe _,f
¢ . % Wilelok i
Y § %
- / t’ -
! Cavedansk
k [ Wil b : ' -
8 — s 1
- d -
\ i .
L e : ‘ ‘\3 ( ‘5:
‘.noow B
: 2 3 - o I \ % A.\
. 5 = 3 | & Y : Linns qompmarar 2a Frone (o & 2do Bowins)
o ¥ e } | —r——r %
; e % L :
%
: v —— , - - r‘ -qL-s- - —— — e — —

1 e ————r~ ) Phae 24 37 R
Lar Cnsaguer pasent s gelop -~ — — - —r = =
le Nibmen pole. - 11 S - -39 i
_..'. —M [ A
, o T 20Tl 28 9 —oCle 4 0™ 1as
- W,_ -y, .. e g e FONCH P MO S e el T ) S -
— 26"k 7 X, et S = 3 depr
-3 € X,
Aving. por Roguise, § Pos. J% Hasin J2 3% Parse, 395 N

C.J. Minard, 1869

E. Tufte, Writings, Artworks, News



http://www.edwardtufte.com/tufte/minard%5C

Communicate
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London Subway Map, 1927
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An Overhaul of an Underground Icon

Next month, the Metropolitan Transportation Authority will unveil a resized, recolored and simplified edition of the well-known map, its first overhaul in
more than a decade. Related Article »

 FULL MAP | 1972: Vignelli's Classic e
o 7)) B AHE T L ] | s =
- BROOKLYN H
g
 MANHATTAN ; et
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:

New York Times, 2010


http://www.nytimes.com/interactive/2010/05/27/nyregion/new-ny-subway-map.html

Geographic vs Topological
Metro Map

Geographic i Commuter Rail Off

T. Fradet



http://fathom.info/topovsgeo

www.stonebrowndesign.com
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Time-Scale Subway Map

Boston raped transit lines scaled by travel trme 10 hub stabions
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Réaumur — Sébastopol

Temps de trajet moyen: 18 minutes 26 secondes
~ ™~

. Unanneau = 5 minutes de trajet

AN

() Utiliser les positions exactes des stations

Améliorez le plan!

Vous connaissez bien la station Réaumur — Sébastopol ? Cliquez dans les zones grises pour améliorer les estimations.

Quelle distance entre la sortie et lesquais?  Quelle est |a longueur des correspondances
?

B : E
.  —— . - [ : : : : Jerome Cukier, D3

Writeup About the Map



http://www.jeromecukier.net/projects/metro/map.html
http://www.jeromecukier.net/blog/2013/01/14/interactive-map-of-the-subway/
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lvan Sutherland, Sketchpad, 1963
Doug Engelbart, 1968


https://www.youtube.com/watch?v=USyoT_Ha_bA&t=4m32s
http://www.youtube.com/watch?v=yJDv-zdhzMY&t=30m20s

Analyze

NameVoyager: Explore name trends letter by letter FAQ/Help | More on Visualization

MNew! Try the NameMapper to see where your favorite names are being used, and Namipedia for full info on every name!

SLILLY R (lbeys  Clgits Wbtk 2007 rank, boys EDEER Usage of
ats 00 IR | UL per
trillion babies

200

400
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1850 1890s  1800s 19105 159205 1930 189405 189%0s  18960s 189705 19805  1990s 2007

M.Wattenberg, 2005


http://www.babynamewizard.com/voyager

Communicate

Hans Rosling, TED 2006



15 Exabytes in Punch Cards:

B ® D t 4.5 km over New England

2010: 1,200 exabytes, largely unstructuread
Google stores ~10 exabytes (2013) DUNCH CPRDS
Hard disk industry ships ~8 exabytes/year

GO Slc youtube cat videos \U/n

Web Videos Shopping Images News More ~ Search tools

TOP 10 BEST CAT VIDEOS OF ALL TIME! - YouTube lCE S‘m

www.youtube.com/watch?v... ¥ YouTube
Sep 6, 2012 - Uploaded by WatchTheDaily

S We've scoured the internet and found the cutest and funniest cat
Fwry videos of all time. Any we missed? Letus ...

The World's Most Funny Cat Videos 2013 - YouTube
www.youtube.com/watch?v=Ak... ~ YouTube

Aug 15, 2013 - Uploaded by papiaanifails

FREE Cat Tree Construction Manual : http:/ftinyurl.com/ovp252j
Funniest Dog Videos https:/Mwww.youtube.com ...



https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/
https://what-if.xkcd.com/63/

In one second on the Internet there are...

http://onesecond.designly.com/



http://onesecond.designly.com/
http://onesecond.designly.com/

“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.”

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



Limits of Cognition

Daniel J. Simons and Daniel T. Levin, Failure to detect
changes to people during a real world interaction, 1998



LL

It is things that make
us smart

Donald A. Norman

The History of Visual Communication


http://www.citrinitas.com/history_of_viscom/rockandcaves.html
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The History of Visual Communication


http://www.citrinitas.com/history_of_viscom/rockandcaves.html
http://www.citrinitas.com/history_of_viscom/press.html

Uisualization

“Visualization is really about external cognition, that is,
how resources outside the mind can be used to boost
the cognitive capabilities of the mind.”

Stuart Card




Who is (5-5630 / (5-66307



@alexander_lex
http://alexander-lex.net

Alexander Lex

Assistant Professor, Computer Science

Before that: Lecturer, Postdoctoral Fellow, Harvard

PhD in Computer Science, Graz University of Technology



https://twitter.com/alexander_lex
https://twitter.com/alexander_lex
http://alexander-lex.net

Aaron Knoll

Guest Lectures on Scientific Visualization
Research Scientist at SCI, SciVis Expert!
PhD from Univ. of Utah

PostDoc at University of Kaiserslautern in
Germany, and then at Argonne National
Laboratory




SCI Institute

Scientific Computing and Imaging Institute

Scientific Computing

Biomedical Computing
Scientific Visualization
Information Visualization

Image Analysis




The SCI Institute is an internationally recognized
leader in visualization, scientific computing, and
image analysis. Our overarching research objective
IS to create new scientific computing techniques,
tools, and systems that enable solutions to
problems affecting various aspects of human life.

SCI Home The Institute Research Centers Media Publications Software People Opportunities

News from the SCI Institute SCI Events
Research News | Software News | Honors/Awards | Publications | All SCI News
< Aug 2015 >
1
e Seg3D 2.2.0 Now Available 5 3 p 5 6 7 8
=Y ’ | 18
2 9 0 1 12 13 14 15
\ ' 16 17 18 19 20 21 22
23 24 |zs 26 27 28 29
SCI Institute welcomes two 30 31
new Professors in Computer .
Science and Mathematics
Tan 95 2015 EEE
un 25, 2015
Big Scientific Data Made View all SCI Events
Simple
Jun 23, 2015

SCIRun 5.0 Released

Uncomina SCIl Fvents


http://sci.utah.edu

Alex Bigelow

Teaching Assistant

Course Staff

ZinniaMukherjee

Teaching Assistant

AnirudhNarasimhamurthy

Teaching Assistant



Flbout You



Enrollment



Structure & Goals



Course Goals

Evaluate and critique visualization designs
Implement interactive data visualizations
Apply fundamental principles & techniques
Design visual data analysis solutions
Develop a substantial visualization project



No Device Policy

No Computers, Tablets, Phones in lecture hall

except when used for exercises

Switch off, mute, flight mode
Why?
It’s better to take note by hand

Notifications are designed to grab your attention
Applies to Theory lectures, coding along in technical lectures encouraged
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UpSet visualizing intersecting sets | Wind map | How states have shifted

The amount and complexity of information produced in science, engineering, business, and everyday human activity is

iIncreasing at staggering rates. The goal of this course is to expose you to visual representation methods and techniques that

increase the understanding of complex data. Good visualizations not only present a visual interpretation of data, but do so by
Improving comprehension, communication, and decision making.

In this course you will learn about the fundamentals of perception, the theory of visualization, good design practices for


http://dataviscourse.net

Communicate

Piazza

9://piazze ah/fall2C

Office Hours -

plazza.com'class/Nrygudurmps

plazza s~

Alex: Thursday after class |

= g e

Search for Teammates! HOmewor‘K 0 Onllne

sy Research intem - Cognitive...

’ ’
| a I Instr Homework 1 onfine

followup discussions

Clhsses canceled tomomow

o
H Pierre-Marie Moyitarng

Hi Quys
alr Homework O onfine
This homework s due on The Gth, Dut githud states £ may take weeks 0 compiated regstration for a Micro acoount as a student. Assuming we don't pay the $7/month fee 10 mmed ety upgrade our githud accounts from free 10 Mcro, s the

coningency plan (. extended deading) In case oNe's account doesn't get upgraded by the 6th?
Project Teams Tharks
‘ Alexander Lex Hi Parre-Marn

this wasnt an asue last year. If it becomes an issue we will Snd an appropriate solution

wtr Green Corps Fellowships

Nex
' Matt Keane requested My mMecro ount on January 12 and they sakd it would be a few weoks before they got 10 me 50 | just signed up for the $7 account and they said they would convert me when they gotto it ina
ety Visusilzation Job a2 the Werl 15 fow woska., Not sure if overyons will hirve The Same exDerencs, Dut that has Deen ming 30 e, Also, they Sd not mention & Crecit for any funding up front, 50 | am expecting that | will at east pay $7 for the first month and hopeiully

be converted by month #2

Thanks
Mart
Wiy Intreductions
Alexander Lex Hm, that's bad. That wasnt a problem at all last year. We'l o-mail hem
X rLox t locks Mke it might take some time indeed. Make sure 10 request the reposiiones as so0n as possible, i github can't get the reposiiories approved by the HW 1 deaciine we will do a dfferert form of
" Q e 9 v o Y

B Privase  Introduce Plazza 10 your stu.. = iEETE
U 2500

B Prvace  Get famiiar with Plazza Pwerre-Marie Meyitang actually e-mailed Matt Hartley (suppontSgith, ) at GitHuUb and he gave me oredt for the first month. Hopefully my request for student discounts gets approved Dy then
W Privete Tigs & Tricks for & successl... Jack Goldng | appiied on the 2nd January and emalied github last week at suppont@github. com and they pushed my account verification through - hopedully this helps
Welcome 10 Plazeal

Aloxander Lox personally appiied last woek and got it 10day, Wil collect & kst of students who don't have it yot a8 the deadine comes ¢

Ei-E R R

N/A Thare 4 NO SEEc Mantions a1 Ty e 8


http://piazza.com/utah/fall2015/cs5630cs6630
mailto:alex@sci.utah.edu

Course Components

Lecture
Reading
Discussion

Theory

Sections
. D3 reading
Design Lecture Self-study

Design Studios Office hours

DeS|gn Skills = Codlng Skills

ttttttttttttttttttt
<<<<<<<

font: 1@px sans-serif;

<<<<<<

<script>



Two types of Lectures

Theory

Presentation with Videos etc.

Coding Skills

Short coding tutorials
Based on a published script on website
Strongly related to homework assignments



Schedule

Lectures: Tuesday and Thursday
9:10-10:30 am, L102 WEB

Online Students:
YouTube Channel

Office Hours:

See Google Calendar

Alex: Thursday after class

WEB 3887

Please limit to organizational/personal
issues and understanding of material (no
debugging in OH)

TAs: To be announced
Technical questions and help with
homework.

Uisualization U UNIVERSITY

CS-5630 /7 CS-6630 OF UTAH

Home  Syllabus Schedule @ Homework  Project Resources Fame

Schedule

Subject to change.

Week 1

Lecture & Introduction Tuesday, Aug. 25

What is visualization? Why is it important? Who are we? Course overview.
Introduction to Homework 0.

Recommended reading
« A Tour through the Visualization Zoo. Jeffrey Heer, Michael Bostock, Vadim Ogievetsky. Communications of the ACM,

53(6), pp. 59-67, Jun 2010.
« The Value of Visualization.Jarke van Wijk. Proceedings of the IEEE Visualization Conference, pp. 79-86, 2005.

Lecture 2: Uersion Control and HTML Thursday, Aug. 27

Introduction to git. HTML, CSS and the DOM. Selectors, etc.
Go to interactive lecture content

Recommended reading
e Think like a git
» Understanding git conceptually
o Fun and insightful talk on git by Linus Torvalds
» A successful git branching model
e Complex CSS Selectors


https://www.youtube.com/channel/UCDUS80bdunpmvWVPyFRPqFQ/live
https://www.google.com/calendar/embed?src=fdvio7r8i82kk0vl2to5j3dd1s%40group.calendar.google.com&ctz=America/Denver

Required Books

An Introduction to Designing With D3

( RC Prm\

v b - N
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Visualization
Analysis & Design

Tamara Munzner

Interactlve Data
Visualization

Jfor the Web

O’REILLY" Scott Murray




Programming

HTML
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http://d3js.org/

Is this course for me ???




Prerequisites

Programming experience
C, C++, Java, Python, etc.

Willingness to learn new software & tools

This can be time consuming

You will need to build skills by yourself!

Engineering vs Computer Science



How are you graded?

6+1 Homework Assignments: 40%
Varying value, 2%-10%, depending on length/difficult
Start early! Will take long if you don’t know JS/D3 yet
Due on Fridays, late days: -10% per day, up to two days.

Final Project: 40%

Teams, two milestones
Exams: 20%

Two exams, one on fundamentals, one on techniques



This Week

PRREROR. o unsenannnsesansseessnssssnsusssssssausissaeussasasssnnannsnansnsssss ix
Vo IETOARCUION. coccecnnsccccnnnceoscnnconnsccoscncscossacscnnscsssatccsssscnce 1
Why Data Visualization? 1
Why Write Code? 2
Why Interactive? 2
Why on the Web? 3
n u What This Book Is 3
Who You Are 1
What This Book Is Not 5
Using Sample Code 5
, T'hank You 6
2. MOBUARGDI.cceeccsceccsnncesnsnncssnnccessncesssnncssnncccssnceccsnncacs 7
What It Does 7
What It Doesn’t Do X
u . Origins and Context i
Alternatives 10
Easy Charts 10
, , Graph Visualizations 12
Geomapping 12
Almost from Scratch 13
Three-Dimensional 13
Tools Built with D3 14
[ |
3. Technology Fundamentals........covuvrrriinerirrnnnriranesrnnnnssssnasansnes 15
The Web 15
HTML 17
Content Plus Structure 18
I

D3 Book, Chapters 1-3 —
VDA Book, Chapter 1



Next Week

HW1 due

More technological foundations

JavaScript, JSON, D3
Office hours start!



https://github.com/dataviscourse/2015-dataviscourse-homework

Branch: master v  2015-dataviscourse-homework / hw0 / + i= | D

Update readme.md

|.|.| AnirudhNarasimhamurthy authored 4 days ago latest commit b6771174ee @-

=) readme.md Update readme.md 4 days ago

readme.md

CS-5630 / CS-6630 Homework O

Due: Friday, August 28, 11:59 pm. Value: 2%

Welcome to CS-5630 / CS-6630 - Visualization. In this class, we will be using a variety of tools that will require some
initial configuration. To ensure everything goes smoothly moving forward, we will setup the majority of those tools in this

homework. This homework will not be graded except for Problem 2. In Problem 2 you set up git and github for this

course, which is essential before starting with HW 1. S|g nup for GitHub now!

Problem 1 - Class Survey, Signups, and Introduction

Sign up for github

T "z '] .


https://github.com/dataviscourse/2015-dataviscourse-homework

