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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  Oryzasativa

Sorghum Sorghum bicolor

Brome Brachypodium distachyon







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
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Visualization Definition

Visualization is the process that transforms

(abstract) data into

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



el ... makes data accessible

BCLCE .. combines strengths of
Visualization

...enables
... communicates




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



Why Visualize?

To inform humans: Communication

How is 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
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Communication

Confirmation

Open Exploration



Example Communication

Why Peyton Manning's Record Wil

Peyton Manning

500 . (510)
Be Hard to Beat
By GREGOR AISCH and KEVIN QUEALY OCT. 18, 2014
400 _» Dan Marino
The Broncos quarterback set the all-time N.F.L. |
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[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:
ancer Subtypes
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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.

Figures are more accessible, easler to
understand, faster to grasp, more
comprehensible, more memorable, more

fun, and less formal.
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Textual description of a map of the effects
of hurricane Katrina on New Orleans.
New Yorker, posted by Alberto Cairo




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 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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"Variance x: 11 y:4.122
Correlation x - y: 0.816

Linear regression: y = 3.00 + 0.500x
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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
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Same Stats, Different Graphs: Generating Datasets with Varied Appearance and Identical Statistics through
Simulated Annealing, CHI 2017, Justin Matejka, George Fitzmaurice


https://www.autodeskresearch.com/people/justin-matejka
https://www.autodeskresearch.com/people/george-fitzmaurice

Visualization =

Human Data Interaction



Data

Human-Data Interaction



Visualization in the Data Science Process

|
b

“\ |

Algorithms

Machine
Learning

S Statistical
\\ 1“ E ¥ Models
~ ; t
~J Build Data |
Product | | | Visualizations | B Make

——

f Report - Dedisions
Findings {

Figure 2-2. The data science process



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) 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 ...
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http://www.internetlivestats.com/one-second/

Example: Personal Data
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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:

COST per Megabase of DNA Sequence

e | arge physics experiments and observations
e Cheaper and automated genome sequencing
e Smart buildings / cities (blyncsy)
e (Geophysical imaging

Controversy: Hypothesis or data driven methods




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 it ain't no thing compared to what 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/

Example: Genomics

HiSeq™ 4000

PhAaaaans 1YL W Cf

Welcome

Pt *e . -

illumina

I

Protostomes Fchinoderms

|

ek

Example TCGA: 1 Petabyte

s Rus?
. Ouenhts
Bacteria -
Farth Birth
AN 3 1w
Tluy ny 200 250 37 40 542 D lNw oW MY Millians of Years Ago KL NN M T §82 dd0 70 250 20 (A Toduy

ALl the major and many ol the runar iviage aranchys of afe are shorsn on theE dagrant, but coly a 1ew of 12082 13510 hasve 2ong cannct are shosn. Example: Dinosaurs - extinct "



NSA Utah Data Center (Bluffdale, Utah)

Storage Capacity?

estimates vary, but Forbes
magazine estimates 12

or 12 million terabytes)

exabytes (12,000 petabytes ,.llll‘-..l L

S UTAH DATA CENTER Lo
r .r - - .
If YOU HMAYE ) 3 » S |
- By ~~ LU ¥
NOTHING TO HIDE 1{ R ;-"-";-'-; _ . |
YOU HAVE NOTHING TO FEAR % SR R, s A



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



Humans!

Human Data Interaction



Why Humans?

Leveraging human capabilities

Pattern Discovery: clusters, outliers, trends

Contextual Knowledge: expectations for dataset, explanations for
patterns

Action: humans learn and take action

But: we also have to design for Humans and their
limitations



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



How did we get here?

A bit of history



“It is things that make
us smart

Donald A. Norman
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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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DOnald NOrman The History of Visual Communication

The Galileo Project, Rice University
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Eadweard J. Muybridge, 1878
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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

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
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M.Wattenberg, 2005


http://www.babynamewizard.com/voyager
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@alexander lex

AI ex a n d e r Lex http://alexander-lex.net

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
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Miriah Meyer  Alexander Lex
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www.scl.utah.edu

http://vdl.sci.utah.edu/

Jimmy Moore

Ethan Kerzner
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SCI Institute

Scientific Computing and Imaging Institute
Scientific Computing
Biomedical Computing
Scientific Visualization
Information Visualization

Image Analysis




Loqin Admin

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 People Opportunities

News from the SCI Institute SCI Events
Research News | Software News | Honors/Awards | Publications | All SC| News
< Aug 2015 >
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Seg3D 2.2.0 Now Available 3 4 5 6 - 3
Jul 0 5
Jul 91, 201 1 12 13 14 15
16 17 18 19 20 21 22
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SCI Institute welcomes two 30 a1 1 :» 4 :
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1un 2 [RS8 20[FEED |
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Big Scientific Data Made View all SCI Events
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Jun 23, 2015

SCIRun 5.0 Released
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http://sci.utah.edu
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Genealogies & Clinical Data
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Flbout 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>
<script>



Schedule

CS 5630/6630
Today Lo 10 August 2017 ~ ©Print Week Month Agenda '~

Mon Tue Wed Thu Fri Sat Sun
Aug 1 2 3 4 5 6

Lectures: Tuesday and Thursday 2:00-3:20 pm, L101 : e : L g 2 s
WEB
Labs: Wednesday, 6:00-7:30 pm, L110 WEB (scheduled

14 15 16 17 18 19 20
on demand)
O I. St d t - 21 22 23 24 25 26 27
4 9 o
n I ne u en S [ 14:00 VIS Lecture  14:00 Alex Lex Office 14:00 VIS Lecture

YouTube Channel

28 29 30 31

Three Parts: 14:00 VIS Lecture  14:00 Alex Lex Office 14:00 VIS Lecture [T
|l. Technical Foundations
HTML, Javascript, D3 D — B3 Google Calondr
Il. Visualization Fundamentals SUbject 1o change
Perception, Visual encodings, Design Guidelines,
Tasks.. Week |

Lecture T Introduction Tuesday, August 22, 2017

What is visualization? Why is it important? Who are we? Course overview.

Tables, Graphs, Maps Recommendedoading

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

—~—



https://www.youtube.com/channel/UCDUS80bdunpmvWVPyFRPqFQ/live

Information http: V]

THE

UNIVERSITY
OF UTAH

Uisualization

for Data Science
CS-5630 / CS-6630

Home  Syllabus Schedule Project Resources Fame
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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
increasing 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. Visualization for data discovery and communication is an important part of the
data science pipeline. 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
visualization, and how to develop your own web-based visualizations using HTMLS, CSS, JavaScript, SVG, and D3.

The course begins by bootstrapping your web development skills, moves on to fundamentals of perception, introduces data
types you will encounter, and then focuses on visualization techniques and methods for a broad range of data types. An integral
component of the course are regular design critiques and redesigns that will hone your skills in understanding, critiquing and
developing visualization techniques.

The course is offered in the fall term 2017 at the University of Utah in two variants: CS-5630 for undergraduates and CS-6630 for
araduate students with a special section of CS-6630 (002) desianated for data certificate students Classes start on Tuesdav


http://dataviscourse.net

Companion Course:

Visualization for Scientific Data

CS 5635/ CS 6635
Chris Johnson
Spring 2018




Communicate

Slack
ttp://dataviscourse2( ACK.COIY
Please use slack for all general questions - code, concepts, etc.
Only use e-mail for personal inquiries
Canvas
Wttps://utah.ir JCTure.com/courses/44o004
Homework submissions, Grades
Office Hours
Alex: Wednesdays at 2pm, WEB 3887
TAs: starting next week
E-Mail
alex@scj.utah.edu


http://dataviscourse2017.slack.com/
https://utah.instructure.com/courses/448047
mailto:alex@sci.utah.edu

Required Books

An Introduction to Designing With D3

o-:*\‘-;r

—

| Data
Visualization

Jfor the Web

—

O’REILLY"

Scott Murray

CRC Press

AN AR FLTIAS BODOS

Visualization
Analysis & Design

Tamara Munzner



Programming
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http://d3js.org/

|s this course for me ???




Prerequisites

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

Willingness to think about user-centered design
This is not your average CS course! We care about the human in the loop!

Willingness to learn new software & tools

This can be time consuming

You will need to build skills by yourself!

Engineering vs Computer Science



Formalities




How are you graded?

6 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, proposal and two milestones

Exams: 20%

Two exams: last class before fall break and end of term



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



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



Table of Contents

This Week

HWO, including course survey
Lecture on Perception

AT 1 xi
Three-Dimensional
Tools Duil: with D3

roetiore

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

14
|
3. Tethnclogy Fundamentals. ..oeevivriiienniivenasseniiariesisranssssrasassnss 19
[ITAL 17
Colent Flos Strog: 18



Next Week

HW1 due
Introduction to Git, HTML, CSS

Office hours start!




https://github.com/dataviscourse/2017-dataviscourse-homework/

o Th's recostory Pull requests Issuas  Gist g’ B (’ -
dataviscourse / 2016-dataviscourse-homework @ Unwatch~ 8  WStar 0  YFork 1
<> Code ssues 0 Pull requests 0 Wiki Pulse Graphs Seltings

Homework material for 2016 Data visualization course. — Edit

L 12 commits ' 1 branch > O releases A2 3 contributors
EBranch: master v New pul' request Createnewfie Uploadfiles Find file
(!, alexshb committed on GitHlub Removead github useme™e sentence Leteat commit 19c7871 a dey ago
= hwO Removed github username sentence a day ago
= hw minor updates ta HW1 4 days ago
[E) rRcapvL . md added radame info; wip on hwO revisions 4 davys ago

FR README.md

Homeworks for Utah's Visualization Course 2016

In subfo ders in this directory you will find the homeworks for the 2015 versicn of CS 6630 ) CS E630 - Visualization.
More informezion car be founc on the course website

We suggest you clone this repository:

git clone https://github.com/dataviscourse/20.6-dz1aviscourse-homzao-k

To receive updates 2n¢ add newly relezsed homeworks upcate youre “epository by cd-ing irto the 201s-
dataviscourse-crework € rectory and running:

gt upzate

T 2016 GitHub, Inc. Terms Privecy Securily Status  Helo Contazt GtH_bE APl Trzining 3hop Elog Abou:



https://github.com/dataviscourse/2017-dataviscourse-homework/

New Track: Human Centered
Computing

Design
REQUIRED COURSES DES 5320 - Ty./p.ographic.; Cc?mmunication
| DES 5370 - Digital Fabrication
CS 6540 - HCI (humans + interfaces) DES 5710 - Product Design and Development
CS 6xxx - Advanced HCI (humans + things) Ed Psych
CS 6630 - Visualization for Data Science (humans + ED PSY 6030 - Introduction to Research Design
data) Psyeh
_ _ PSY 6120 - Advanced Human Cognition
ED PSY 6010: Introduction to Stats and Research Design oy 6140 - Cognitive Neuroscience Approaches to Research
(methOdS) PSY 6420 - Methods in Social Psychology
PSY 6700 - Neuropsychology
ELECTIVES Anthropology
_ o ANTH 6169 - Ethnographic Methods
Pre-approved course list from within CS and across Sociology
campus SOC 6110 - Methods of Social Research
Up to 3 electives can be taken from outside CS EAE

EAE 6900 - Games User Research
EAE 6900 - A.l. For Games



