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How much data (bytes)
did we produce in 2020?
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2020: 64.2 zetabytes

IDC 2021

2020: 64.2 zetabytes

~2X Increase every 2 years

IDC 2021
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Abortion a

From Wikipedia, the free encyclopedia

For other uses, see Abortion (disambiguation).

Abortion is the ending of a pregnancy by removal or expulsion of an embryo or fetus before it can survive

i [note 1] ; ; ; I ] ) Abortion
outside the uterus. An abortion that occurs without intervention is known as a miscarriage or spontaneous

. " o . . Other Induced miscarriage, termination
abortion. When deliberate steps are taken to end a pregnancy, it is called an induced abortion, or less frequently TS of pregnancy
"induced miscarriage". The unmodified word abortion generally refers to an induced abortion.[I2] A similar Erethy e
procedure after the fetus has potential to survive outside the womb is known as a "late termination of |CD-10-PCS 0041
pregnancy” or less accurately as a "late term abortion".[%! ICD-9-CM  779.6
When properly done, abortion is one of the safest procedures in medicine,“I5! but unsafe abortion is a major MeSH D000028

cause of maternal death, especially in the developing world.[®] Making safe abortion legal and accessible
reduces maternal deaths.”)8! It is safer than childbirth, which has a 14 times higher risk of death in the United
States.!°! Modern methods use medication or surgery for abortions.!"% The drug mifepristone in combination
with prostaglandin appears to be as safe and effective as surgery during the first and second trimester of pregnancy.[1 0111 The most common surgical
technique involves dilating the cervix and using a suction device.['? Birth control, such as the pill or intrauterine devices, can be used immediately following
abortion.I""l When performed legally and safely on a woman who desires it, induced abortions do not increase the risk of long-term mental or physical
problems.m] In contrast, unsafe abortions (those performed by unskilled individuals, with hazardous equipment, or in unsanitary facilities) cause 47,000
deaths and 5 million hospital admissions each year.I'®'4 The World Health Organization recommends safe and legal abortions be available to all women. 5]

MedlinePlus 007382
[edit on Wikidata]

Around 56 million abortions are performed each year in the world,[®] with about 45% done unsafely.l'”] Abortion rates changed little between 2003 and
2008,[18] before which they decreased for at least two decades as access to family planning and birth control increased.!"®! As of 2008, 40% of the world's

13 ite . i K ns without limits as to reason.2%) Countries that permit abortions have different limits on how late in pregnancy abortion is
) Wikipedia: Collaborative Creation
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Abortion: Revision history @ Hep

View logs for this page (view filter log)

v Filter revisions

External tools: Find addition/removal (Alternate) . Fing edits by user - Page statistics - Pageviews - Fix dead links
For any version listed below, click on its date to view it. For more help, see Help:Page history and Help:Edit summary. (cur) = difference from current version,
(prev) = difference from preceding version, m = minor edit, = = section edit, « = automatic edit summary
(newest | oldest) View (newer 50 | older 50) (20 1 50 | 100 | 250 | 500)
Compare selected revisions
e (curlprev) @ 15:50, 17 December 2019 InternetArchiveBot (talk | contribs) . . (175,162 bytes) (+406) . . (Bluelinking 4 books for verifiability.) #/ABot
(v2.1alpha3)
o i(curlprev)@  11:54, 16 December 2019
abortion" in wikivoice)
04:42, 15 December 2019
04:40, 15 December 2019
04:07, 15 December 2019

07:54, 13 December 2019

NightHeron (talk | contribs) . . (174,756 bytes) (+5) . . (—*Anti-abortion violence: "pro-life" changed to "anti-

Doc James (talk | contribs) .. (174,751 bytes) (+113) . . (adjusted)
Doc James (talk | contribs) . . (174,638 bytes) (-27) .
Edit5001 (talk | contribs) .. (174,665 bytes) (+211) . . (Better quoted from source, more details)

FakeRealAlbert (talk | contribs) m .. (174,454 bytes) (-207) . . (—History and religion: Removed repetition) (Tag:

o (curl prev)
e (curl prev) . (—History and religion: condensed)
e (curl prev)
e (curl prev)
Visual edit)
e (curl prev) 03:32, 12 December 2019
WP:EDITORIALIZING (TW)) (Tag: Undo)
ember 2019 Edit5001 (talk | contribs) .. (175,029 bytes) (+368) . . (Direct quote from a reliable
likipedia:Reliable_sources) and independent (https.//en.wikipedia.org/wiki/Wikipedia:Independent_sources) source.) (Tag: Visual

Rhododendrites (talk | contribs) . . (174,661 bytes) (-368) . . (Reverted 1 edit by Edit5001 (talk):

edit)
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Wikipedia History
Flow (IBM)

Wikipedia History
Flow (IBM)
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“What information consumes is rather obvious: it consumes the attention of
its recipients. Hence a wealth of information creates a poverty of attention,
and a need to allocate that attention efficiently among the overabundance of
information sources that might consume it.”

Herb Simon

as quoted by Hal Varian
Scientific American
September 1995

13

“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
January 2009

14
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WHAT IS VISUALIZATION?

15

Ages of first-time mothers in 1980
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Ages of first-time mothers in 2016

20

22 24 26 28 30 32 34
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-II

Age 14 16 18

40 42 44 New York Times 2018
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Gray's Anatomy 1858
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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]

21

10
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Y

9.14 7.46
8.14 6.77
8.74 12.74
8.77 7.11
9.26 7.81

8.1 8.84
6.13 6.08

3.1 5.39
9.11 8.15
7.26 7 6.42
474 5.73

N
© O 00 W 00 0 00 O 0 O

Summary Statistics Linear Regression
ux=9.0 oy=3.317 Y=3+05X
uy=75 oy=203 R2 = 0.67
Anscombe 73
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WHY DO WE CREATE
VISUALIZATIONS?

24

Why do we create visualizations?

» Answer questions (or discover them)
» Make decisions

» See data in context

* Expand memory

* Support graphical calculation

* Find patterns

* Present argument
» Tell a story
* Inspire

25

12
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THE PURPOSE OF VISUALIZATION

Photographs, blueprints, ...

Process and calculate
Reason about data
Expand memory

Share and persuade
Emphasize important aspects of data

RECORD

27

13
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Answer
question

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

28

Answer
question

29

14



Photograph:
Phases of the moon
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Drawing:
Phases of the moon

Galileo's drawings of the phases
of the moon from 1616

http://galileo rice.edu/sci/observations/moon.html

31
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SUPPORT REASONING

Assogiatee Press

16
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Associated Press

KISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS

Cross Sectional View Top View
Troston  Perimeter  Nominmal eng Total Heait _ Clocking
al ffected Dia. Max Erosion Affected Length  Location
Mo, N (deg) {in.) —in)  _fGe)
1A LH Center [Fielde> Ho : Hone e ;--66"°
FIELD"" A NONE 322 gﬁ

C LH Forward Field*+ ¥ X 4.25 163
C RH Center Field (prim)*» i 12.50 334
C RH Center Field (sec)™* 158 5.0 X None 34

2
38
%0

410 RH Forward Field 138 o 3 .280 3.00
41C LH Aft Field* o None
418 LH Forward Field o o 3.00

STS-2 RH Aft Field -

*Hot gas path detected in putty. Indication of heat on O-ring, but no dimage.
**Soot behind primary O-ring.
#*+Soot behind primary O-ring, heat affected secondary 0-ring.

Clocking location of leak check port - 0 deg.

OTHER SRM-15 F1ELD JOINTS HAD NO BLOWHOLES IN PUTTY AND NO S0OT
NEAR OR BEYOND THE PRIMARY O-RING.

SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY 0-RING, BUT NO O-RING EROSION
AND HO SOOT BLOWBY, OTHER SRM-22 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY.
Brow By Hisroey HISTORY OF O-RING TEPIPERATURES
SEM 15 woksy  Lrow- &y (Pecress - ;)
© 2 Clhe Towz o & meT am O-RING
(507), (0?) fec ams  o-awme
O MUCH LIOKSE Visuwecy 7imgn) Skmr-32 (2] 36 a7
76 45 sz
Sem AR Brow -&y 72.s 40 48
© Zcpse vomrs (?"‘Mj 48 s/
ot s3
SIM«/?»Z /5, /64, /8 234 294 78 7s

O NozZzie [Beow-&y 26 29
27

2 of 13 pages of material faxed to NASA by Morton Thiokol [from Tufte 1997]
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Make a decision: Challenger

History of O-Ring Damage in Field Joints

ADAAAAALAAAA AA
SN IR R
Code u QAU ENEHEH RH
0-Ring Temp = Heating of (] H HH — —~ —
(°F) m Secondary
0O-Ring L L . (] [ —
= Primary g_ L) | _‘:—l_ &
0-Ring = 22 2 22 o0 2 =%
Development Motor Blowby : ; /5\ : : : /7\ ; : : : g 1:1:
Number ﬂ:é:]] = Primary
O-Ring ﬂq QQA ﬁoﬁéﬂq
Erosion o) 2 | 9 2
I~
@] = Heating mig 1 N nERID B
0-Ring Tem of Primary L L
{4 O-Ring mintnininininln
E] = No Damage - = H - - !_
L L L A
STATIC TEST MOTORS AEEN,:,) [ Yoo g e
Qualification Motor 0 5 16 16 17 17 18 18 19 19 20 20 21 21 22 22
HORIZONTAL ASSEMBLY ABABABABATBATBGASTB
Number ® SOME PUTTY REPAIRED
* No Erosion

38
[ ] [ ]
Make a decision: Challenger
O-ring damage
index, each launch
O-Ring
(°F)
( : ) ‘ 'Icr:\;wra(urc ("H ofﬁd:}omrs a(h:;llr ofhu:u‘h = § N :
Visualizations drawn by Tufte show how low temperatures damage O-rings [Tufte 97]
39
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Make a decision: Challenger

SRM 15

s $ . 4
e
. § 20l oo o3 sele o
5o ss” 60° 6s° 70° 75" 80° 85"

(°F) of field joints at time of launch

Visualizations drawn by Tufte show how low temperatures damage O-rings [Tufte 97]

40

Data in context

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

19
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Used map to support hypothesis
Broad St. pump was the cause.
[from Tufte 83]

Expand memory: Multiplication

Class exercise

46

20
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Expand memory: Multiplication

74
X 48

49

Expand memory: Multiplication

74
X 48
592
2960
3552

o
o

o
o

A
@
2 60
o
E
=

N
o o

Mental Paper & Pencil

50
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Most powerful brain?

B3 Microsoft Excel - animal.xls

) Be EQ Vew Insert

Al - f 1D

Format  Tools Datas

Window  Heb

[N =4

__PEA B I I |
ID_IName Body Weight Brain Weight
5

| 2 | 1 Lesser Short-tailed Shrew 014
3 | 2 Little Brown Bat 10 0.25
4 3 Mouse 23 03
1 4 Big Brown Bat 23 04
| 6 | 5 Musk Shrew 48 033
7 | 6 Star Nosed Mole 60 1
8 7 Eastem American Mole 75 12
' 9 | 8 Ground Squurrel 101 4
10| 9 Tree Shrew 104 25
(11| 10 Golden Hamster 120 1 =i
12| 11 Mole Rate 122 3
13| 12 Galago 200 5
14| 13 Rat 280 19
15| 14 Chinchilla 425 64
16 | 15 Desert Hedgehog 550 24
(17| 16 Rock Hyrax (a) 750 123
| 18| 17 European Hedgehog 785 35
19| 18 Tenrec 900 26
20| 19 Arctic Ground Squirrel 920 57
21| 20 African Giant Pouched Rat 1000 66
| 22| 21 Guinea Pig 1040 55
23| 22 Mountain Beaver 1350 8.1
24| 23 Slow Loris 1400 125
25| 24 Genet 1410 175
| 26| 25 Phalanger 1620 1.4 -
“ < » wh\animal / <] O
Ready W
52
°
Most powerful brain?
10,000 p——vrrery ey e wr
5,000 Dolphin  Elephante 3
[ \ Blue wi
Modernmane e Malz gozil;
1,000 3 Homo habilis e ./ Terlanist E
500 E = : T v 3 yl'-l'llbl)\«l\ll’lh_;
Gracile Australopithecus Y 1 |
b Chimpanzee o.w(,". &“m Brackic N |
E l00 E g Bﬂ.h‘)op i ’ : rac llﬂ\dll’l.\!a ;
g 50F Saurornithoid ().\tr/idi . D'D";""“"\ o513
£ r iga Stegosaurus |
2 100 Crow . ,/ﬂllg.noro 2 E
‘g SOF - Ra}o,()y(ssum e Coelacanth E
= 1.0 ® Vampire bt
0.5 E g ¢ Eel }
Mole ®Goldfith 1
baiine -, 1
0.1 ll}u’mminghird E
005F - E
bz ]
okt A A sawal s send 4ol aul ul sansu
0.001 0.01 0.1 1 10 100 1,000 10,000 100,000

Body mass in kilograms

The Dragons of Eden [Carl Sagan]

53
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Modern Man
Dolphin
Homo habilis

Baboon
Crow

Opossum

Sauromithoid
Goldfish

Ostrich

Alligator
Tyrannosaurus rex

Eel
Stegosaurus

Most powerful brain?

Gracile Australopithecus |-----
Chimpanzee |-~

Vampire Bat
Wolf |-+

Rat |
Mole |---

Blue Whale |-

Coelacanth |-

Brachiosaurus |-
Di

Gorilla |---
Elephant |-
Hummingbird |-
Lion |-

Log,, Brain Weight — % Log,, Body Weight

The Elements of Graphing Data [Cleveland]

54

COMMUNICATE, INFORM, INSPIRE

55

23
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Tell a story

BRAIN MASS
grams

5,000 |

08 1 L il ol [ T
: o1 a 1 10 100 1,000 10,000 100,000
BODY MASS kilograms

Beautiful Evidence [Tufte]

56

Present an argument

DLAGRAM ar mix €AUSKS o MOREALLTY

et DIAGRAM or e CAUSES or MORTALITY

2. .
APRIL 1855 ro MARCH 1856 INTHE ARMY IN THE EAST APRIL 1854 o MARCH 1855

JonE

*Ss1 A
“onyer gz

The Areas of the biue, red, & black wedges are each measured from
the centre as the common vertex
The blue wedges measured from the centre of the circle represent area
for area the deaths from Preventible or Mitigable Zymotic Diseases, the
red wedges measured from the centre the deaths from wounds, & the
black wedges measured from the centre the deaths from all other causes
The black line across the red triangle in Nov™ 1854 marks the boundary
of the deaths from all other causes during the month
In October 18: c April 1853, the black area coincides with the red,
in January & February 1856, the blue coincides with the black
The entire areas may be compared by following the blue, the red & the

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

57

24
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- | &he New Pork Eimes =55

US VRUSDEATHS ™o ameic sorscen ot atonoracsia Garland Faces  STORNS EXPOSING
NEARING 500000 Resurgent Peril ) NATION PRINED

Inform

Free-for-all Attempted quarantine INISTON ER oremian R THPAE

Moderate distancing Extensive distancing

Russia Fears

But Can't Quit
I

Lack of Birth Control Deepens
Women's Burden in Venezuela

https://www.washingtonpost.com/graphics/2020/world/corona-simulator/

https://www.nytimes.com/2021/02/21/insider/covid-500k-front-page.html

59

PROPORTION DES NEGRES LIBRES ET DES ESCLAES EN AMERIQUE .

DONE BY ATLANTA UNIVERSITY .

1800 1810
e

SLAVES
ESCLAVES

EXHIBIT OF AMERICAN NEGROES AT THE PARIS EXPOSITION.

“W. E. B. Du Bois’s Data Portraits:
Visualizing Black America”

Dr. Whitney Battle-Baptiste
Director, W. E. B. Du Bois Center

25


https://www.washingtonpost.com/graphics/2020/world/corona-simulator/
https://www.nytimes.com/2021/02/21/insider/covid-500k-front-page.html
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¥ Double helix model
Bones in hand [Gray's Anatomy 1918 ed.] . [Watson and Crick 53]

61

GOALS OF VISUALIZATION RESEARCH

1. how visualizations convey information

» What do people perceive/comprehend ?
* How do visualizations correspond with mental models of data?

2. for creating effective
visualizations and supporting analysis

» Leverage perception and cognition
+ Strengthen connection between visualization and mental models

65

26
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IN THIS COURSE, ...

66
Mon: Data and Image Models Wed: Visualization Design
vaEs WARIABES Df,,_,';T'QMGE liGkiss 14 ™ The Ronking change of Top 3 Majrs Beeen 201201 B
y cs
sragee |« -] | A2 = Jee00@®®
. ——
TAILE I.IZE = 11 ® 0 0 6 ¢ o o S;T:
— 3le@ @ © © 00 oo <] ® [ Biclgy
YALER I |:| Z@ = Loll- 12 2en-1h  2el-ie  2emels  245-16 2611 2oN-TS 2018-13 > Year O Eemomics
b Tk A 54 S AR AS
LES VARIABLES DE SEPAR/ " -
GRAIN E E £ - B - il s
o (3] 1] | A
ORENTATION| | Y 4 N = i
FORME I Ao = N ‘
Week 2
67
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Mon: Exploratory Data Analysis Wed: Using Space Effectively

e VD = Dorling and Dorling-like Cartograms

".|® Graduated Symbol Map Demers Cartogram Dorling Cartogram
I =
. =
mmmmm | .
3 e i
N TaE
Week 3

68
Mon: Interaction Wed: Introduction to D3
Onlheedgeoflsdegreec L . =3
3‘ Data- Dr|ven Documents
Week 4

69

28
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Mon: D3 Tutorial Wed: Perception
)2 Data-Driven Documents . '.
o §
.. 0 «® x-size | y-size
v 00
LN o
.\\.' NE N size | orientation
®, %,
AA. A 4 :. color | shape
A o Py
*%e0 P .
o840
[ ]
oS, .‘.: sl
[ ]
Week 5
70

Mon: Visual Explainers

<>
==

legend type
eommere

—
o
»

Wed: Color

mini legends

FEEH:
206 —

without
a bat?

color specs

ColorBrewer ~—g—
5-class diverging RdGy

G ® Do ® Qoo ® Qoo ®
[hite Bl black] road n!lwz;rk.(nlm
[(earn more]

background color border color
o (X} (X}

Week 6

71
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Mon: Animation

U.S. GUN DEATHS IN 2013

Week 7

Wed: Network Layout

<Biteme.s = Afikaans

P

ot
gl
Gl Jal

nwpK T Lvmsi_lobio
DLEN YEARS D190 m_onn_anm

502,025

B B Labian
<7 items..s .31 items..>

B Adult
[

[ Business |
= computers |

Ho
| B Kide_and_Teans
i B ews

- Reference

Regional
B Science

= Shopping /||

AMZN
+1.47%

72

Mon: Network Analysis

Week 8

Wed: Deconstructing Visualizations

companies

sap.so0 X
companies 45+

owmrner Golor o —— |

o 58

w08 o psis

| | Restyled Result
|

73
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THANKSGIVING
FACTS & FIGURES

TALKING TURKEY

The quantity of turkey consumed by

the typical American in 2007, with a
ing devoured at Thanks

glving time. Per capita sweet potato
consumption was 5.2 pounds.

The value of turkeys produced

in 2004

MILLION

The Turkey
Industry

POUNDS

9/27/23

Interesting Facts

Number of households
the nation -- all potential
gathering places for people to
celebrate the holiday.

420,

of the vined o

Number of places in the Unit-

The amount of people
employed in the turkey

THOUSAN Industry.

Amount of turkeys produced
° 2008,

BILLIO

A Thanksgiving

dinnerin 1
g lery

935

another popular
ing side dish -- produced by major swe

tato producing states in 2008, North Carolina produced
more sweet potatoes than any other state. It was fol-

fowed by California and Mississippi.

Thanksgiving Timeline
1541 1621 1630
oronado’s expedi

thanksgiv
with the friendly Teya

present, occurred
Palo Duro Canyon in Wef
Texas

This
Thanks
forme:

America

ed States named Plymouth, as
in Plymouth Rock, the landing
site of the first Pilgri

Forecast 2009 receipts to
farmers from turkey sales

Retail cost per pound of a fro-
zen whole turkey in December
2008,

The preliminary estimate of turkeys raised in
the United States in 2008. That's not statisti-
cally significantly different from the number
raised during 2007.

| The forecast for US cranberry production ION POUNDS
in 2009. Wisconsin is expected to lead all
| states in the production of cranberries, potatoes than an
| followed by Massachusetts, New Jersey,
| Oregon and Washington are also expected to
have substantial production

North Carolina produ

MILLION POUN

320,200

Wisconsin led all
08.

1789 1800s 18 1941 ik

production in
the firs

first proclama
the newly
of

The annual pr
jiving p

year

ving
United

Washington's tial President Abraham Lincoln
tion aft "

President Roos
the bill estab
Thu

velt signed
mations
inthe

s B
cnal Agricultural
@ “thanksgiving and prayer.”

Infographi

Final Projec

Week 9

t Review and Feedback

75
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Mon: Visualization and NLP Wed: Visualization and Al

How Common Is Religious Extremism?  q1: what s the percentage of response
% Common M Not Common  ‘Common’ for Catholics?

I A(Sempre): 92
Pagan/earth-based A(Ours): 8. | looked up the length of the
Protestants orange bar for ‘Catholics’.
c Jews Q2: Which religion has the longest orange § H
S
D Unaffiiated component? (O e e o sy e ) Mg of ge; cloed by casilia: (© Two-timension! isogram o sge and
g Catholics A(Sem pre): H,rndus . rectness sex, colored by classification
A(Ours): Muslims. | looked up ‘Religion’ of
Mormons the longest orange bar. %o ©
g g . ele s 8 ou R BH-8
Orthodox Christian 5 aZG O O [ ] # A
Q3: What does the blue field represent? 3o . ] ’ ™
Buddhists -I-.{“ @ 81 .!h & il ] |
) A(Sempre): 24 tBBLasBN R o0 ol Avg
Hindus A(Ours): Not Common. | looked up what blue o Jowoms o l‘l & =
0 20 40 60 80 100 represents by looking at the legend. 0 '.‘. oo : o 'l!" B
o
Percentage ’ N0 g fu- L] I
2, oot
. o
(d) Small multiples by sex. Each scatterplot (e) Histograms of performance in a regres- (f) Using images as thumbnails for image
shows age vs positive classification score, sion model that predicts age, faceted into 3 datasets.
colored by classification age buckets

Week 10

76

LEARNING GOALS

An ,
including data models, graphical perception and methods for visual
encoding and interaction.

Exposure to several common
, including exploratory data analysis and network
analysis.

Practical experience
using Vega-Lite and D3 js.

The ability to papers from the visualization
literature.

77
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YOU SHOULD EXPECT TO

. visualizations
data using existing visualization tools
interactive data visualizations

a substantial visualization project

COURSE MECHANICS

79

33


https://magrawala.github.io/cs448b-fa23/

Instructor: Maneesh Agrawala

Course Assistant: Jasmine Shih

Office Hours:
Location:

Restyled Result

3:30-4:30pm Fridays
Huang Basement

9/27/23

34
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Course Assistant: Yifan Shen i

Office Hours: 10-11am Wednesdays
Location: Huang Basement

e 2 R N B b
g P | | T s ™
ENTORTE @ :_ I-.f’-"‘:’-l'

Course Assistant: Anthony Xie

-

Office Hours: 4:30-5:30pm Mondays
Location: Bytes Cafe

35
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Office Hours

Maneesh: 11-noon Thy, Coupa Café Y2E2
Jasmine: 3:30-4:30pm Fri, Huang Basement
Yifan: 10-11:00am Wed, Huang Basement
Anthony: 4:30-5:30pm Mon, Bytes Café

Happy to schedule other OH by appointment
Outside of OH use Slack to connect with us

https://canvas.stanford.edu/courses/180122/external tools/11232

84
Edward R. Tufie
Envisioning Information
~r w :“ rH: ™ H I' ' ’Hr H
fs.i’ G
SECOND EDITION
"‘7["\ &N s
The Visual Display
of Quantitative Information < O
See also: www.edwardtufte.com
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Interactive Notebooks

Interactivity
In addition to basic plotting and view composition, one of Vega-Lite's more exciting

features is its support for interaction.

Starting with a scatter plot, we can add a basic (yet valuable!) form of interactivity -
tooltips upon mouse hover - by including a tooltip encoding channel:

50 Origin
O Euro
45 pe
Japan
usa

Miles_per_Gallon

0 2 4 6 8 100 120 140 160 180 200 220 240
Horsepower

vl.markPoint().data(cars).encode(

vl.x().fieldQ('Horsepower'),

vi.y().fieldQ('Miles_per_Gallon'),

vl.color().fieldN('Origin'),

vl.tooltip(['Name', 'Origin'l) // show the Name and Origin fields in a tooltip
).render()

Hands-on engagement with course
concepts and modern visualization
tools (Vega-Lite / D3), in JavaScript
(Observable)

Extra: Mon 10/2 4:30-5:30pm

Anthony will provide an intro to
JavaScript/Observable on Zoom.

More details on course website.

Observable

Use data to think, together.

& https://observablehg.com
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Optional Textbook

N A WA "l), ol

Visualization
Analysis & Design

Tamara Munzner

For additional
theory and depth
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Readings

From books, notebooks and linked articles

Many open to public, some may require SUNetID/Password
Material in class will be loosely based on readings
Readings should be read by start of class

Post comment (on reading, notebooks or lecture) in Canvas Discussion
One comment per week through week 9
Must post by end of the week (Sun at 8pm)
You have 1 pass for the quarter

Class home page
https://magrawala.github.io/cs448b-fa23/

88

Reading Responses

Good responses typically exhibit one or more
Critiques of arguments made in the papers/lectures
Analysis of implications or future directions for ideas in readings/lectures
Insightful questions about the readings/lectures

Responses should not be summaries
Should be substantive (1-2 paragraphs is typical)
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In-Person Discussion

Discussion and critique are essential for effective design and
evaluation of visualizations

* In-person discussion is more effective than online and benefits all attendees
+ Attendance is very strongly recommended
» Will be considered in grading for non-SCPD students

90
Assignments
Class participation (10%)
Assignment 1: Visualization Design (10%) due 10/2
Assignment 2: Exploratory Data Analysis (15%) due 10/16
Use Tableau or Vega-Lite
Assignment 3: Interactive Prototype (25%) due 10/30
Should be familiar with Javascript (start now if you are not)
Will cover basics of Vega-Lite and D3 in class
Final Project (40%) proposal due 11/6, design review 11/27, 11/29, final submission 12/10
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Final project

Produce an interactive visual explainer
Initial prototype and design review

Final deliverables and video

Projects from previous classes have been

Published as research papers
Shared widely (e.g., gone viral on blogs)

Released as successful open source projects
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Structure of Musicals

LyricaL THEMES IN HamMILTON
THEMES:

How Does Alexander Hamilion Asron Burr, Sir Talk Less, Smile More: Stand For Nothing My Shot King's College

‘The Schuyler Sisters Look Around King George Helpless
Un, Deux Duel Commandments The Narrative
Blow Us All Away Running Out Of Time “The Room Where It Happer

On ¥ Quiet Uptown

o
Aal
Ax2

‘Tues: Helpless | Sovc: "Helpless”
b 3137408 e © —o
Lymcs:

And long as I'm alive, Eliza, swear to God
You'll ney -

Lyrical themes in Hamilton [Townley-Smith, Sterman, Cook 2016]
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Visualization of Narrative Structure

4 All books 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Chapter 1

Instructions

Press ? to toggle this box.

Use the slider to move through the book chapters.
Hover over a character name in a graph.

Yellow links show connections in the selected chapter.
Yellow names show connections in the whole book.

The bars below show emotion intensity for each sentence.
Click on a character in the graph to see where they appear.
Hover over each bar to read the original sentence.

‘,,_,,ww‘_, Sy ey ,;r'"‘:,,;F _'_.’,';,"Ww':w;’.'_’ i Ml b ""T""'l

Negative «

AlGhareeters. Character interactions and sentiment in The Hobbit [Bilenko,Miyakawa 2013]
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ASSIGNMENT 1: VISUALIZATION DESIGN

Design a static visualization for a data set
You must choose the message you want to convey. What question(s) do you want to answer?
What insight do you want to communicate?

Data: Stanford Undergraduate Majors

Stanford University publishes a variety of datasets through the Stanford Institutional Rsearch & Decision
Support website. They have published a data table containing information about the number of Stanford
undergraduates obtaining a Bachelor’s degree in 75 different fields of study from 2003 to 2022. We have
filtered and wrangled this data to the top 10 fields of study by cummulative degrees conferred over the
time period to produce a dataset with the following attributes:

* Year: Academic year between 2003 and 2022. (Academic years run July-June so Year=2003
covers July 2002 to June 2003.)
* FieldOfStudy: Field in which degree was obtained.

* Count: Number of students earning a Bachelor’s degree.

The extracted dataset is available in csv format: TopFieldsStanfordBachelors.csv
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CS 448B Visualization

Stanford CS course on data visualization
techniques (Fall 2023)

Location: Thornton Center Am 102

Assignment 1: Visualization Design

Due: Monday Oct 02, 2023 by 11:30am

Time: MW 11:30am-12:50pm

ABOUT

LEARNING GOALS

TEXTBOOKS/RESOURCES

SCHEDULE

Week 1
Wosk 2
Week3
Wesk 4

Week 10

TEACHING STAFF

ASSIGNMENTS

Class Participation
Assignment 1
Assignment 2
Assignment 3
Final Project

Inthi , you will design a visualization for a small data set and provide rigorous rationale for
your design choices. You should in theory be ready to explain the contribution of every pixel in the
display. You are free to use any graphics or charting tool you please-including drafting it by hand.

Data: Stanford Undergraduate Majors

Stanford University publishes a variety of datasets through the Stanford Institutional Rsearch & Decision
Support website. They have published a data table containing information about the number of Stanford
undergraduates obtaining a Bachelor's degree in 75 ifferent fields of study from 2003 to 2022. We have
filtered and wrangled this data to the top 10 fields of study by cummulative degrees conferred over the
time period to produce a dataset with the following attributes:

« Year: Academic year between 2003 and 2022. (Academic years run July-June 5o Year=2003
covers July 2002 to June 2003.)

« FieldOfStudy: Field in which degree was obtained.

« Count: Number of students earning a Bachelor's degree.

‘The extracted dataset is available in csv format: TopFieldsStanfordBachelors.csv

Assignment

Your task is to download this data and design a static (.., single image) visualization that you believe
effectively communicates one aspect of the data and provide a short write-up (no more than 4

paragraphs) describing your design choices. Start by choosing a question you'd like your visualization
to answer. Design your visualization to answer that question, and use the question as the title of
your graphi

While you must use the data set given, you are free to filter transform and augment the data as you see
it. Such transformations may include (but are not limited to) log transformation, computing percentages
o averages, grouping elements into new categories, and/or removing data that are not relevant to your
driving question. You are also free to incorporate external data as you see fit. Your chart should be.
interpretable without recourse to your short write-up. Do not forget to include title, axis labels or legends
as needed! Hint: Good design often requires omitting data when it is irelevant to the question your
visualization is designed to answer.

As different emphasize different 1s of a data set, your P document
hat aspects of the data you pting to In short, what story are
you trying to tell? Just as important, also note which aspects of the data might be obscured due to your

visualization design.

In your write-up, you should provide a rigorous rationale for your design decisions and explain wherever
possible how your design decisions. Document the visual encodings you used and why they are
appropriate for the data. These decisions include the choice of visualization type, size, color, scale, and
other visual elements, as well as the use of sorting or other data transformations. How do these
decisions faciltate effective communication of the answer to your question?

Please include a short ist of the tools you used to create the visualization.

Grading
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