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http://cmu-vis-course.github.io
http://www.visualcinnamon.com

visualization
The purpose of computing is insight, not numbers.

- Richard Wesley Hamming
- Card, Mackinlay, Shneiderman



Banana M. acuminata
Date P, dactylifera
Cress Arabidopsis thaliana
Rice  Oryza sativa
Sorghum Sorghum bicolor

Brome Brachypodium
distachyon






http://math.stackexchange.com/questions/682117/venn-diagram-of-conditional-probability-and-extending-to-bayes-theorem
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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.



... makes data accessible
... combines strengths of

Good
Data
Visualization

... enables
... communicates




Visualization

“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




Why Visualize?

To inform people: Communication

How is X ahead in the election polls?

When questions are not well
defined: Exploration

What is the structure of a terrorist network?

Which drug can help patient X?



Purpose of Visualization

[Obama Administration]

JOB
LOSS

BUSH ADMINISTRATION @ OBAMA ADMINISTRATION

-100,000 | | I I I I
200.000
-400,000
-500,000
F

-

U.S. JOB LOSS (DEC. 2007 TO JAN. 2010)

Open Exploration Confirmation Communication



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

Example Exploration:

t== CareFlow

Patients View Options

Patient Information

Show optimal outcome

ID:
817-407-010-732

Gender:
Male

Date of Birth:
October 15, 1942

Ethnicity:
White

CHF Status:
Diagnosed with CHF

CHF Diagnosis Date:
August 3, 2012

Age:
70

Recent Medications:
Beta Blockers Cardio-

Pathway Instance Graph:
301 entities / 47 ncdes / 111 edges

7/26/12

417/12
4/117/12
3/17/12
1/30/12

selective

Ace Inhibitors
Loop Diuretics
Loop Diuretics

Recent Symptoms:

7/29/12 AnkleEdema
7/18/12 AnkleEdema
7/18/12 DOExertion

», Outcome
v, Similarity
») Simplify & Filter

) Display Options

Loop Diuretics |

cOMNEET NN 1.0
outcome

Unusually Frequent Factors
empty

Unusually Rare Factors
empty

[CareFlow, CHI 2013]



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.

Figures are more accessible, easier to
understand, faster to grasp, more
comprehensible, more memorable, more
fun, and less formal.

() & =29

Total Bandwidth

(millions of bits per second)

7 H ) 10
) 1 x



= SECTIONS  LATEST POPULAR  (QQ SEARCH THE NE.W YORKER

Campanella then switched to an identically constructed map, only this time
p y p, only

based on 2010 census data, and in bits and pieces on the screen there was a

simple and arresting picture of what Katrina meant. In the neighborhoods that

were once a dense black, many of the little squares had thinned and turned gray.
The sharp lines that once separated the teapot from Central City were now
blurry: the white areas of the city were pushing north, into the vacuum left by
the exodus. The Bywater was graying, as it gentrified still further. “Before
Katrina, an American Community Survey estimate of New Orleans Parish
population was four hundred and fifty-five thousand, and about sixty-eight per
cent black,” Campanella said. “Now the latest estimate is three hundred and
eight-four thousand, and it’s about sixty per cent black. The white population
has largely reconstituted itself numerically. So if you do that math, we're talking
about seventy-nine to eighty thousand fewer African-Americans.” In the most

traumatic manner possible, Katrina caused what social scientists normally

New Yorker

consider a good thing—a major move—and that is why, a decade after it http://www.newyorker.com/
. . . . magazine/2015/08/24/

devastated the Gulf Coast, the storm continues to dety simple categorization. starting-over-dept-of-social-

studies-malcolm-gladwell



http://www.newyorker.com/magazine/2015/08/24/starting-over-dept-of-social-studies-malcolm-gladwell
http://www.newyorker.com/magazine/2015/08/24/starting-over-dept-of-social-studies-malcolm-gladwell
http://www.newyorker.com/magazine/2015/08/24/starting-over-dept-of-social-studies-malcolm-gladwell
http://www.newyorker.com/magazine/2015/08/24/starting-over-dept-of-social-studies-malcolm-gladwell

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? 1
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http://blog.lnsresearch.com/blog/bid/148014/Top-5-Quality-Management-Mistakes-Affecting-Operational-Excellence

The Ability Matrix

Data Storage
Insight is generated by the human
— not the computer!

Numerical
Calculations
Searching/Finding Planning
. Diagnosis
Logic Prediction

Cognition

Performance of a Computer

Common Knowledge
Creativity

Performance of a Human



Why Use Computers?

Scale
Drawing by hand (or lllustrator)
infeasible

inflexible (updates!)
How to draw an MRI scan?

[Bruckner 2007]



Why Use Computers?

Interaction

Interaction allows to “drill down” into
data

Integration

Integration with algorithms

Make visualization part of a data
analysis pipeline

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



Why Use Computers?

Efficiency

Re-use charts / methods for
different datasets

Quality

Precise data driven rendering

Storytelling

Use time



Tell Stories




Why not just use Statistics?
Set D

Set A

X

Y

X

Set B

Y

X

Set C

Y

X

Y

10
8
(K
9
11
14
6
A
12
/
S

8.04
6.95
/.58
8.81
8.33
9.96
/.24
4.26

10.84

4.82
5.68

10
8
(K
9
11
14
6
4
12
/
S

9.14
8.14
8.74
8.77
9.26

8.1
6.13

3.1
9.11
/.26
4.74

10
8
(K
9
11
14
6
A
12
/
S

/.46
6./77

12.74

7.1
/.81
8.84
6.08
5.39
8.15
6.42
5.73

—_—
O OO OO O OO0 0O OO OO OO OO0 OO

6.58
5.76
/.71
8.84
8.47
7.04
5.25
12.5
5.56
7.91
6.89




Set C

X Y

10  7.46
8 6.77
13 12.74
9 7.1
11 7.8
14 8.84
6 6.08
4 5.39
8.15

6.42

5.73

<

8
8
8
8
8
8
8
19
8
8
8

Summary Statistics Linear Regression
uy, =9.0 oy=3.317 Y =3+05X

u,= 7.5 o,=2.03 R2 =(0.67 [Anscombe 1973]




Anscombe’s Quartet

Set A




Data



Visualization in the Data Science Process

Machine
Learning
Algorithms
Statistical

“Se— ’ ! Models
N ! i
\ . | -(ommunicate |
~J BuildData | | |
Product | | Visualizations | & Make

f Report ~ Dedisions
’ Findings | 1
: {

Figure 2-2. The data science process



15 Exabytes in Punch Cards:

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

GO SIC youtube cat videos \0/“

Web Videos Shopping Images News More ~ Search tools

TOP 10 BEST CAT VIDEOS OF ALL TIME! - YouTube ICE 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 ime. 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:/Mmwww.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/

Big Data in Science and Engineering

“Big Data” hasn't just transformed industry!

It’s also transformed science and engineering. Cheap sensors (e.g. imaging)
have changed the way science and engineering are done.

Examples: BN eb2e of DNA Sequence
e | arge physics experiments and observations
e Cheaper and automated genome sequencing
e Smart buildings / cities (blyncsy)

e (Geophysical imaging




Example: CERN Large Hadron Collider Data

CERN has publicly released over 300TB of data: CERN Open Data Portal
How much is that?

At 15 GB of storage a piece, you'd need 20,000 Gmail accounts to store the whole shebang. If
you wanted to send that much data at the max attachment size of 25 MB, it would take you 12
million emails.

A DVD-R holds 4.7 GB. You'd need 63,830 of them to hold 300 TB.
Your Blu-ray collection wouldn't need to expand quite so much. 6,000 discs ought to hold it.

It takes Pandora about a day and a half to burn through a gig of mobile data. So if the CERN
data was an album, you could stream it in just over 1,230 years.

At 350 MB per hour for 4K video streaming, so if the CERN data was a 4K movie it'd probably
be about 857,142 hours, or about 98 years long.

But its no big deal to the National Security Agency works with. Going by 2013 figures the
agency released, the NSA's various activities "touch” 300 TB of data every 15 minutes or so

(Popular Mechanics Article)


http://opendata.cern.ch/about/CMS
http://www.popularmechanics.com/technology/a20540/300-tb-cern-data-large-hadron-collider/

NSA Utah Data Center

Storage Capacity?

estimates vary, but Forbes
magazine estimates 12

exabytes (12,000 petabytes
or 12 million terabytes) ,.ll..

| I YOU NAVE

)

S UTAH DATA CENTER

NOTHING TO HIDE

YOU HAVE NOTHING TO FEAR

-..' |



http://www.forbes.com/sites/kashmirhill/2013/07/24/blueprints-of-nsa-data-center-in-utah-suggest-its-storage-capacity-is-less-impressive-than-thought/#181678011c85
http://www.forbes.com/sites/kashmirhill/2013/07/24/blueprints-of-nsa-data-center-in-utah-suggest-its-storage-capacity-is-less-impressive-than-thought/#181678011c85

“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



How did we get here?

A bit of history



‘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
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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/
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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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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 »
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New York Times, 2010


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

Modern Examples



Analyze

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

New! 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
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M.Wattenberg, 2005


http://www.babynamewizard.com/voyager

Communicate
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Hans Rosling, TED 2006



It’s about Humans!



Not everything that can be drawn
can be read!
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Limits of Cognition

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



What is this course?



Adam Perer

itp://perer.or

< (L] perer.org <) &

Adam Perer Home Bio Events Talks  RecentProjects  Older Research

Adam Perer, Ph.D.

Research Scientist, IBM Research
Adjunct Professor, Carnegie Mellon University

| blend data visualization and data mining
techniques 1o create visual interactive systems to help
users make sense out of big data. Lately, my research
focuses on extracting insights from clinical data to
support data-driven medicine. -@adamperer

Bio
Adam Perer is a Research Scientist at IBM's T.J. Watson Research Center in New York, where he is a member of the Healthcare
Analytics Research Group. He is also an Adjunct Professor in the Human-Computer Interaction Institute at Carnegie Mellon University.

His research in visualization and human-computer interaction focuses on the design of novel visual analytics systems. This work has

been published at premier venues in visualization, human-computer interaction, and medical informatics (IEEE InfoVis, IEEE VAST, ACM
LAl ACKAN QM ACAMIIID ARMIAY He halde D N anA rmactare Aoamvroace im Cramnmiitar QAinnecans frarm the | Inhviareithywy ~f ManmidarmA Callasoe

Research Scientist
Healthcare Analytics Research Group
IBM T.J. Watson Research Center

Adjunct Professor
Human-Computer Interaction Institute
Carnegie Mellon University

firstname.lastname AT gmail.com
Twitter: @adamperer

Curriculum vitae

Talks & Travel

May 2016 ACM CHI 2016
San Jose, CA

April 2016  University of Pittsburgh Big
Data Colloquium
Pittsburgh, PA

December University of Pittsburgh
2015 DBMI Seminar
Pittsburgh, PA

November AMIA
2015 San Francisco, CA

October IEEE VIS
2015 Chicago, IL

September CMU HCIl Seminar
2015 Pittsburgh, PA

April 2015 Wellcome Trust Genome
Hinxton, UK

Anril 2018 O rnenVie (Confarance



http://perer.org

About You



Structure & Goals



Course Goals. You will learn:

How to efficiently visualize data
Evaluate and critique visualization designs
Apply fundamental principles & techniques
Design visual data analysis solutions
Implement interactive data visualizations

Web development skills



Course Components

Lectures: introduce theory

Design Critigues: develop “an eye” for vis design,
critique, learn by example

LLabs: short coding tutorials, examples
Based on a published script on website
Strongly related to homework assignments

Homeworks help practice specific skills

Final Project gives you a chance to go through
a complete vis project



Course Components

Lecture
Reading
Th Discussion
eory
[ \ Labs
. D3 reading
Design Lecture Self-study
Design Studios Office hours

DeS|gn Skills ¢ Codlng Skills

DOCTYPE ht 1

et="utf-8"
tyl
text {
font: 1@px sans-serif;
}
> </style
body>
script src="http://d3js.org/d3.v3.min.js"></script>
ript



Schedule

Lectures: Monday and Wednesdays
12:00-1:20 pm

Three Key Parts:
l. Technical Foundations
HTML, Javascript, D3
Il. Visualization Fundamentals
Perception, Visual encodings, Design
Guidelines, Tasks..

Tables, Graphs, Maps

< ] cmu-vis-course.github.io <) & O 0 ]

Visualization in HCI v ()

05-499/05-899 Section C

Human-
Computer
Interaction
Institute

Home  Syllabus  Schedule Project

Schedule

Subject to change.

Week 1

Lecture 1: Introduction Wednesday, January 18

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

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

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

Homework O, Introduction due. Friday, January 20, 11:59pm




]

Information htt

il

-//cmu-=Vis-course.

cmu-vis-course.github.io

Visualization in HCI

05-499/05-899 Section C

Home

The voliime and comnlevityv of data caontiniiec to increace in the waorld aroirind 1ie inchidina eccience hiicinece medicine

Syllabus

Schedule

Project

...........

Carnegie
Mellon
University

Human-
Computer
Interaction
Institute

Source: The Rhythm of Food
Google News Lab and Truth & Beauty

ithub.lo


http://cmu-vis-course.github.io

Communicate

Slack

http://cmu-vis-course.slack.com
Please use Slack for all general questions - code, concepts, etc.
Only use e-mail for personal inquiries

Office Hours
Today after class, future schedule TBA

E-Mail

cmu.vis.course @gmail.com



http://cmu-vis-course.slack.com
mailto:cmu.vis.course@gmail.com

Required Books

An Introduction to Designing With D3

CRC Press

AM AR FLTIRS BDOS

Visualization
Analysis & Design

Tamara Munzner

2

b‘-"'— "-A
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ive Data
Visualization

Jor the Web

O’REILLY" Scott Murray
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http://d3js.org/

Prerequisites

* Programming experience
» Willingness to learn new software & tools
» You will need to build skills by yourself!



Formalities



How are you graded?

Homework Assignments: 40%
Start early! Will take long if you don’t know JS/D3 yet

Final Project: 60%

Teams, two milestones



Cheating

You are welcome to discuss the course’s ideas, material, and homework
with others in order to better understand it, but the work you turn in must
be your own (or for the project, yours and your teammate’s). For example,
you must write your own code, design your own visualizations, and
critically evaluate the results in your own words. You may not submit the
same or similar work to this course that you have submitted or will submit
to another. Nor may you provide or make available solutions to
homeworks to individuals who take or may take this course in the future.

Will automatically check for plagiarism in all your submissions



This Week

Homework O due this Friday [HWO]

1. Sign up for Github (and apply for a free student upgrade)

2. Sign up for the course’s Slack team, and introduce
yourself

3. Complete the course survey


https://github.com/cmu-vis-course/2017-cmu-vis-course-homework/blob/master/hw0/readme.md

Next Week

Technological foundations

Introduction to Git, HTML, CSS
JavaScript, JSON, D3

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

HW1 due




