CSE 412 - Intro to Data Visualization

The Value of Visualization

Jane Hoffswell



How much data (bytes)
did we produce in 20107?



2010: 1,200 EB (1.2 ZB)
Exponential growth...

Gantz et al., 2008, 2010
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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



But wait!

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 n¢free’to'whom?
because now we really do have essentially free
and ubiquitous data. So the complimentary
scarce factor “ubiquitous?@boutwhom?hat data
and extract value from it. ...to whose benefit?

Hal Varian, Google’s Chief Economist
The McKinsey Quarterly, Jan 2009
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Life-size cutouts of Facebook CEO Mark Zuckerberg are displayed by a progressive advocacy group on the lawn of the U.S. Capitol on Tuesday.

Carolyn Kaster / Reu

My Facebook Was - Psychology’s Replication
Breached by Cambridge VAt Crisis Can’t Be Wished
Analytica. Was Yours? Away

How to find out if you are one of the 87 million victims It has a real and heartbreaking cost.

ROBINSON MEYER | APR10, 2018 | |Rigei Lo Rlc 2 ED YONG | MAR 4, 2016 m
TEXT SIZE "Advance Analv FIce TEXT SIZE
HAY- SR 85 Y LR bt Pt

High potential for data abuse...



https://www.theatlantic.com/technology/archive/2018/04/facebook-cambridge-analytica-victims/557648/
https://www.theatlantic.com/science/archive/2016/03/psychologys-replication-crisis-cant-be-wished-away/472272/

Inequality

Rise of the racist robots - how Al is
learning all our worst impulses

h‘ TayTweets A g TayTweets 0.

@mayank_jee canijust say thatim @UnkindledGurg @PooWithEyes chill
stoked to meet u? humans are super
cool

h‘ TayTweets & t" TayT\fgeets

im a nice person! i just hate everybody

nn

@NYCitizen07 | fucking hate feminists @brightonus33 Hitler was right I hate
and they should all die and burnin hell the jews.

gerry Yy

@geraldmellor

"Tay" went from "humans are super cool" to full nazi in <24 hrs
and I'm not at all concerned about the future of Al
10:56 PM - Mar 23, 2016

 10.9K () 12.8K people are talking about this

Thereis a saying in computer science: garbage in, garbage out.
When we feed machines data that reflects our prejudices, they
mimic them - from antisemitic chatbots to racially biased
software. Does a horrifying future await people forced to live at
the mercy of algorithms?

Airplanes

Graduation

jackyalciné is working to move into the IndieWeb.
@jackyalcine

Google Photos, y'all fucked up. My friend's not a gorilla.
6:22 PM - Jun 28, 2015
Q© 2,275 () 3,603 people are talking about this

...amplified by “big data” and ML systems.



https://www.theguardian.com/inequality/2017/aug/08/rise-of-the-racist-robots-how-ai-is-learning-all-our-worst-impulses
https://www.theverge.com/2016/3/24/11297050/tay-microsoft-chatbot-racist
https://www.theguardian.com/inequality/2017/aug/08/rise-of-the-racist-robots-how-ai-is-learning-all-our-worst-impulses

How might we use visualization
to empower understanding of

data and analysis processes?



What is 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 1967]

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

[Card, Mackinlay, & Shneiderman 1999]
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Why Create Visualizations?



Why Create Visualizations?

Answer questions (or discover them)
Make decisions

See data in context

Expand memory

Support graphical calculation

-ind patterns

Present argument or tell a story

nspire



Record Information



Gallop, Bay Horse “Daisy” [Muybridge 1884-86]




1

Marey's sphygmograph in use,
1860. La methode graphique dans
les sclences expérimentales et
principalement en physiologie et en
meédecine.

E.J. Marey's sphygmograph [from Braun 83]







a

Percent of children who attended college
A

Your guess

>

Poorest Parents’ income percentile Richest

You Draw It: How Family Income Predicts Children’s College Chances
[New York Times, May 28, 2015]


https://www.nytimes.com/interactive/2015/05/28/upshot/you-draw-it-how-family-income-affects-childrens-college-chances.html

a

Percent of children who attended college More common Less

100% A

90%
80%
70%
60%

Your guess
50% : I

40%

30%

20%

10%

- >
1st 10th 20th 30th 40th 50th 60th 70th 80th 90th 100th

Poorest Parents’ income percentile Richest

You Draw It: How Family Income Predicts Children’s College Chances
[New York Times, May 28, 2015]


https://www.nytimes.com/interactive/2015/05/28/upshot/you-draw-it-how-family-income-affects-childrens-college-chances.html

Support Reasoning
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erimeter

Affected

Cross Sectional View

KHISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS

Top View

oninal
Dia,

~Length OF
Max Erosion

Total Heat
Affected Length

Clocking
Location

SAN
v Mo. _(in.) (deg) _

61A LW Cmtcrlﬂeld"‘ 5? None None
61A LH FIELD"" A NONE NONE
SI1C LH Forward Field*~ 15A 0.010 154.0

SIC RH Center Field (prim)*+ 158 0.038 130.0
51C RH Center Field (sec)*~ 158 None 45.0

410 RH Forward Field 138 0.028 110.0
41C LH Aft Field* 11A None None
418 LH Forward Field 10A 0.040 217.0

0.053

(in.) (in.) (in.) ‘ug[
638 NONE NONE 33180

0.280 4.25 5.25 163

0.280 12.50 58.75 354
0.280 None 29.50 354

0.280 3.00 None 25
0.280 Hane None o
0.280 3.00 14.50 351

0.280 - -- 50

STS-2 RH Aft Field 28 116.0

*Hot gas path detected in putty.
**Soot behind primary O-ring.
#**Soot behind primary O-ring, heat affected secondary O-ring.

Indication of heat on O-ring, but no damage.

Clocking lacation of leak check part - 0 deg.

OTHER SRM-15 F1ELD JOINTS HAD NO BLOWHOLES IN PUTTY AND NO SOOT
NEAR OR BEYOND THE PRIMARY O-RING.

SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY O-RING, BUT NO O-RING EROSION
AND NO SOOT BLOWBY, OTHER SRM-22 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY.
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Make Decisions: Challenger

O-ring damage
index, cach launch

12

26"-29" range of forccasted temperatures
(as of January 27, 1986) for the lach
of space shuttde Challenger on January 28

15 40° 48 0’ 8 60" 64 70

Temperature (°F) of ficld joints at ime of launch

Chart of temperatures vs. O-ring damage [lufte 9/]



Data in Context: Cholera Outbreak

Yards
50

100 150

e Deaths from cholera

In 1854 John Snow plotted the position of each cholera case on a map. [from Tufte 83]



Data in Context: Cholera Outbreak

ards
o 5 100 150

X Pump e Deaths from cholera

Used map to hypothesize that pump on Broad St. was the cause. [from Tufte 83]



Find Patterns: NYC Weather

NEW YORK CITY'S WEATHER FOR 1980
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Answer Questions: Brain Power?

B3 Microsoft Excel - animal.xls
) Fle Edt Vew Insert Format Tooks Dsta Window Heb

C D

Body Weight Brain Weight

1 Lesser Short-tailed Shrew 5 014

2 Little Brown Bat 10 0.25
3 Mouse 23
4 Big Brown Bat 23
5 Musk Shrew 48
6 Star Nosed Mole 60
7 Eastem American Mole 75
8 Ground Squurel 101
9 Tree Shrew 104
10 Golden Hamster 120
11 Mole Rate 122
12 Galago 200
13 Rat 280
14 Chinchilla 425
15 Desert Hedgehog 550
16 Rock Hyrax (a) 750
17 European Hedgehog 785
18 Tenrec 00
19 Arctic Ground Squirrel 920
20 Afnican Giant Pouched Rat 1000
21 Guinea Pig 1040
22 Mountain Beaver 1350
23 Slow Lons 1400
24 Genet 1410

| 25 Phalanger

i <« » w)\animal / |«

Ready
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The Dragons of Eden [Carl Sagan]
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Modern Man
Dolphin

Homo habilis |-
Gracile Australopithecus |-
Chimpanzee |- -

Baboon
Crow
Vampire Bat

Wolf |-
Gorilla |----

Elephant
Hummingbird
Lion

Mole
Opossum
Blue Whale
Sauromithoid
Goldfish
Ostrich
Alligator
Tyrannosaurus rex
Coelacanth
Eel
Stegosaurus
Brachiosaurus
Diplodocus

Rat |

The Elements of Graphing Data
[Cleveland] Log,, Brain Weight — %3 Log,, Body Weight




Convey Information



. DIAGRAM or rae CAUSES or MOKTALITY .
APRIL 1855 re MARCH 3856 IN THE ARMY IN THE EAST AFRIL 858 yo MARCH 1855

.
»*

“to affect thro’ the Eyes
what we fail to convey to
the public through their
word-proof ears”

1856 "Coxcomb” of Crimean War Deaths, Florence Nightingale




Communicate, Inform, Inspire

PROPORTION OF FREEMEN AND SLAVES AMONG AMERICAN NEGROES .

N 7 Groove for tendon of
PROPORTION DES NEGRES LIBRES ET DES ESCLAVES EN AMERIQUE . o PR CARSLRATTALT

DONE BY ATLANTA UNIVERSITY .
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FLEXOR DIGITORUM SUBLIMIS

Visualizing Black America, Du Bois et al. 1900 Bones in hand, Gray’s Anatomy 1918 ed.


http://www.apple.com

New deaths attributed to Covid-19 in European Union, United States, Brazil and United Kingdom

Seven-day rolling average of new deaths, by number of days since 3 average daily deaths first recorded

2,000 /’\

1,000 N e
\// = fﬁaiilun”ed States
500
® European Union
200
100
50

® United Kingdom

0 20 40 60 80 100 120 140 160 180 200 220 240

Number of days since 3 average daily deaths first recorded

Source: Financial Times analysis of data from the European Centre for Disease Prevention and Control, the Covid Tracking Project,
the UK Dept of Health & Social Care and the Spanish Ministry of Health.
Data updated September 25 2020 12.46pm BST. Interactive version: ft.com/covid19

Coronavirus Tracked, John Burn-Murdoch & Financial Times



https://ig.ft.com/coronavirus-chart/?areas=eur&areas=usa&areas=bra&areas=gbr&areasRegional=usny&areasRegional=usca&areasRegional=usfl&areasRegional=ustx&byDate=0&cumulative=0&logScale=1&perMillion=0&values=deaths

The Value of Visualization

Record information

Blueprints, photographs, seismographs, ...

Analyze data to support reasoning
Develop and assess hypotheses
Find patterns / Discover errors in data
Expand memory

Convey information
Communicate, inform, inspire
Collaborate and revise



Goals of Visualization Research

1 Understand how visualizations convey information

What do people perceive / comprehend?
How do visualizations inform mental models?

2 Develop principles and techniques for creating
effective visualizations and supporting analysis

Leverage perception & augment cognition
Improve ties between visualization & mental model



Course Mechanics



You should expect to:

1 Evaluate and critique visualization designs
2 Learn visualization techniques & theory
3 Implement interactive data visualizations

4 Develop a substantial visualization project



Instructors cseq12-staff@cs

Jane Hoffswell OH: Wed After Lecture

Teaching Assistants

Aayush Chhabra OH: By Appointment
Dalton Hildreth  OH: Mon 12-Tpm
Kalyani Marathe OH: Thur 11:30-12:30pm

Yue Zhang OH: TBD
Yuegian Zhang OH: Tue 5:30-6:30pm, and BA



Aayush Chhabra

OH: By Appointment

Hi. I’'m a senior graduating in June 2021.

Major: CS
Minor: Applied Math

My interests include :
Data Viz
Artificial Intelligence
Machine Learning
Robotics
and all kinds of cool stuff with data.

Most recently, | interned as a Quantitative Researcher at a
hedge fund (Citadel).

| love startups and I’'m joining one after graduation. Talk to me
if startups fascinate you.

Looking forward to learning and working with all of you :)



Dalton Hildreth

OH: Monday, 12pm - 1pm

2nd year Ph.D. student in GRAIL

I love computer graphics! (geometry,
simulation) With a seasoning of ML

For fun, I also enjoy drawing, board
gaming, game jams, and bouldering

I'm excited to learn with all of you!



Kalyani Marathe
OH : Thursday 11:30 am - 12:30 pm

® Background: Ph.D. student at GRAIL

Lab, interested in Computer Vision,

Machine Learning, Data Science, and
Data Visualization

X

o Work Experience : 2 years as a
Software Engineer at IDeaS, A SAS
Company

® Technical Experience: Python, Java,
Groovy, Scikitlearn, NumPy, SciPy,
Scikitlmage, OpenCV

® Fun: Quilling art and playing music




Yue Zhang

she/her
Office hours: Friday 6-7pm

6th year (@) PhD student in computational biology
Research areas: interactive data analysis and
machine learning for single-cell genomics, natural

language processing on scientific literature

Fun: books, games, honestly just surviving right
now




Yueqian Zhang

OH: Tuesday 5:30 pm - 6:30 pm & By Appointment

| am a junior majoring in CS and minoring in Education.
| am interested in HCI.
Outside of CS | enjoy anime and drawing.

Come talk to me! I'd love to meet everyone :)

Some of my artworks:




Attending Lectures via Zoom

It you are comfortable doing so, please turn on
your cameras. Otherwise, consider adding a
profile picture to Zoom!

53



Important Links

Course Website:

https://courses.cs.washington.edu/courses/csed12/21sp/

Canvas:
https://canvas.uw.edu/courses/1475556

Ed Discussion:

https://edstem.org/us/courses/4910/discussion/



https://courses.cs.washington.edu/courses/cse412/21sp/
https://canvas.uw.edu/courses/1475556
https://edstem.org/us/courses/4910/discussion/

Textbook

An Introduction to Designing With D3

Interactive Data

Visualization
” for the Web

O’REILLY" Scott Murray

Interactive Data Visualization
for the Web, 2nd Edition

For learning D3!
Book available online.

Code / examples on GitHub.

We will be using D3 v6.
https://d3js.org


https://guides.lib.uw.edu/c.php?g=341544&p=2299182
https://github.com/alignedleft/d3-book/
https://d3js.org

Interactive Vega-Lite Notebooks

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1981

r_Gallon
N
5

» o

& 3

n
S

@

Average of Horsepower
[~} »
& 8

Average of Miles.
@

3

N

c
o
®
9,

2
3
@
2
=

]
1972 1972

const mpg = vl.markLine().data(cars).encode(
vl.x().fieldT('Year'),
vl.y().average('Miles_per_Gallon')

)" 60 80 100 120 140 160 180 200 220 240
’ Horsepower

const hp = mpg.encode(vl.y().average('Horsepower'));

return vl.hconcat( const brush = vl.selectInterval().encodings('x"');
vl.layer(mpg, mpg.mark('circle')),
vl.layer(hp, hp.mark('circle'))

[Qendentb; const opacity = vl.opacity().value(0.1)

¥ .if(brush, vl.opacity().value(0.9));

Hands-on engagement with course concepts and
tools using Observable (JavaScript) notebooks.



Readings

From books, notebooks, and linked articles.
Material in class will loosely follow readings.

Readings should be read by start of class.



Required Readings for 3/29 (today)

Introduction to Vega-Lite READINGS IN

Vega-Lite is a declarative language for interactive data y INFORMATION VISUALIZATION
a powerful and concise visualization grammar for quic UsING VISION TO THINK

statistical graphics.

b

—r. -

WRITTEN AND EDITED BY

e e

StuarT K. CARD

XEROX PALO ALTO RESEARCH CENTER

Jock D. MACKINLAY

XEROX PALO ALTO RESEARCH CENTER

BEN SHNEIDERMAN

UNVERSITY OF MaRvLAND

Notebook: Introduction to Vega-Lite. Chapter 1: Information Visualization.
Stuart Card, Jock Mackinlay, and Ben Shneiderman.
Readings in Information Visualization. 1999.


https://observablehq.com/@uwdata/introduction-to-vega-lite
https://courses.cs.washington.edu/courses/cse412/21sp/uwnetid/readings/value/CMS-Chap1.pdf

Required Readings for Wed 3/31

Data Types, Graphical Marks, and Visual
Encoding Channels

A visualization represents data using a collection of graphical marks such as bars,
lines, and point symbols. The attributes of a mark — such as its position, shape, size,
or color — serve as channels in which we can encode underlying data values.

.||||I|. ™\

With a basic framework of data types, marks, and encoding channels, we can concisely
create a wide variety of visualizations. In this notebook, we explore each of these
elements and show how to use them to create custom statistical graphics.

Notebook: Data Types, Graphical Marks, and Visual Encoding Channels



https://observablehq.com/@uwdata/data-types-graphical-marks-and-visual-encoding-channels

Optional Readings for Week 1

CS-TR-3665 July 1996
ISR-TR-96-66

Prepeny Criwe e

The Eyes Have It:
A Task by Data Type Taxonomy
for Information Visualizations

Ben Shneiderman
Department of Computer Science
Human-Computer Interaction Laboratory,
and Institute for Systems Research
University of Maryland, College Park, Maryland 20742 USA
ben@cs.umd.edu, http://www/cs.umd.edu/projects/heil/

10 paat

Figure 2. Row deletion. The analyst selects an empty row and chooses
a delete transform. Red highlights preview which rows will be deleted.

WED The Eyes Have It: A Task by Data Type = THUR Wrangler: Interactive Visual Specification of Data
Taxonomy for Information Visualizations. Transformation Scripts

Less than 1 second after ignition, a puff
of smoke appeared at the aft joint of
the right booster, indicating that the
O-rings bumed through and failed to

Counts Counts

seal. At this poine, all was lost. :ii:«l) 200
> . ® |50 £

o 3 180

MON Decision to Launch the B . s 4 b leg

Challenger. ; i . o183 120

e 100
. 100
3 $ 5
.40 60
«20 W
1 20

Figure 3. Visualizing ‘raw’ data at scale, taken from Carr et al."® (a] A traditional scatter plot. [b] A binned plot using a
size encoding. [c) A binned plot using a color encoding. Note the discontinuity in color between 0 and 1, making cells with a
single element readily apparent.

FRI A Tour through the THUR Research Directions in Data Wrangling: Visualizations and Transformations for Usable and Credible Data.
Visualization Zoo.


https://courses.cs.washington.edu/courses/cse412/21sp/uwnetid/readings/value/Tufte-Challenger.pdf
https://courses.cs.washington.edu/courses/cse412/21sp/uwnetid/readings/wrangling/kandel11directions.pdf
https://courses.cs.washington.edu/courses/cse412/21sp/uwnetid/readings/wrangling/kandel11directions.pdf
https://courses.cs.washington.edu/courses/cse412/21sp/uwnetid/readings/models/shneiderman96eyes.pdf

Assighments

CP Class Participation (10%)

A1 Visualization Design (10%) - Due 4/5 (next Monday)

A2 Exploratory Data Analysis (15%) - Due 4/19

A3 Ethical & Deceptive Visualization (20%) - Due 5/3
Peer Evaluation (5%) - bue 5/10

FP Final Project (40%)
Proposal - Due 5/7
Milestone Prototype - Due 5/21
Demonstration Video - bue 5/31

Final Prototype - Due 6/7



Weekly Discussion Post and Quiz

First discussion thread and quiz will be posted
on Ed later this afternoon, due Mon 4/5, 11:59pm.

Short quizzes reinforce course concepits.
Quizzes are graded on participation not score.

Share substantive discussion post on Ed about
course readings or lecture material.



Weekly Discussion Post and Quiz

First discussion thread and quiz will be posted
on Ed later this afternoon, due Mon 4/5, 11:59pm.

Short quizzes reinforce course concepits.
Quizzes are graded on participation not score.

Share substantive discussion post on Ed about
course readings or lecture material.

e Critiques of arguments made in the papers

e Analysis of implications or future directions

e Clarification of some point or detail presented in the class

e Insightful questions about the readings or answers to other's questions
* Links and commentary for relevant web resources or examples



Weekly Discussion Post and Quiz

First discussion thread and quiz will be posted
on Ed later this afternoon, due Mon 4/5, 11:59pm.

Short quizzes reinforce course concepits.
Quizzes are graded on participation not score.

Share substantive discussion post on Ed about
course readings or lecture material.

Posts are due each Monday by 11:59pm up through
week 8. You have 1 free “pass” for the quarter.



Final Project

Produce interactive web-based visualizations
Initial prototype and design review

Final deliverables and video presentation
Submit and publish online (GitHub)

Projects from previous classes have been:

- Published as research papers
- Shared widely (some in the New York Times!)

- Released as successful open source projects



Inspiration...
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Change In Times (CSE 442, Spring '17)
Gunnar Olson, Halden Lin, Lilian Liang, and Shobhit Hathi
€ 4


https://cse442-17s.github.io/Citiviz/final/
https://cse442-17s.github.io/Citiviz/final/

Service starts at 5AM on Monday
morning. Each line represents the
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6:30AM as morning rush hour
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different time.

MBTA Viz
Barry & Card

Trains are on the right side of the track relative to the direction

they are moving.

See the morning rush-hour, midday lull, afternoon rush-hour,

Locations of each train on the red, blue, and o
and the _ey_ep_il_xg_l_ti_l!.

a
|


http://mbtaviz.github.io/
http://mbtaviz.github.io/

Questions?



A1: Visualization Design

Design a static visualization for a data set.

The climate of a place can have a tremendous
impact on people's lived experience. You will
examine average monthly climate measurements
for six major U.S. cities, roughly covering the
edges of the continental United States.

You must choose the message you want to
convey. What question(s) do you want to answer?
What insight do you want to communicate?



A1: Visualization Design

Pick a guiding question, use it to title your vis.
Design a static visualization for that question.

You are free to use any tools (inc. pen & paper).

Deliverables (upload via Canvas; see A1 page)
Image of your visualization (PNG or JPG format)

Short description + design rationale (< 4 paragraphs)

Due by 11:59 pm PT, next Monday April 5th.



