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2023: 123 zetabytes

Statistica 2024

2023: 123 zetabytes

~2x increase every 2 years since 2010

Statistica 2024
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But what is in
all this data?

394

Statistica 2024

Physical Sensors
Scott Snibbe, Cabspotting
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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
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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
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Gray's Anatomy 1858
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Combination of in-focus regions

[Agarwala 2004]

21

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]

24

11



9/22/25

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

Bl 5.39
9.1 8.15
7.26 6.42
474 5.73

-
0 00 0 W 0 0 0 0 0 0

Summary Statistics Linear Regression
ux =90 ox=3317 Y=3+05X
5 oy=203 R2 = 0.67

20

Anscombe 73
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WHY DO WE CREATE
VISUALIZATIONS?

27

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

28
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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

30
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Answer
question

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

31

Answer
question

2 A - - =

Muybridge's setup [1884-86]

32
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Photograph:
Phases of the moon

Drawing:
Phases of the moon

Galileo's drawings of the phases

of the moon from 1616
htto://galileo rice.edu/sci/observations/moon.html |

34
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SUPPORT REASONING

Assogiated Press
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Associated Press
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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

Code

E] = Heating of

Secondary
O-Ring

-

: = Primary

0-Ring
Blowby

[E] = primary
0O-Ring
Erosion

mi = Heating
of Primary
0-Ring

D = No Damage

STATIC TEST MOTORS
® HORIZONTAL ASSEMBLY

0-Ring Temp
(°F)

Development Motor
Number

0-Ring Temp
(°F)

Qualification Motor
Number

A
.

® SOME PUTTY REPAIRED
No Erosion

41
° L
Make a decision: Challenger
O-Ring
Temp | |
S | | :
\
SRM 101024 23 Al 76 2Za 1919
No. A ABABABAB ABATSB BABABAES
Visualizations drawn by Tufte show how low temperatures damage O-rings [Tufte 97]
42
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Make a decision: Challenger

SRM 15

s s . 4
L
. § s0d oo o3 oo lo
s0* ss 60" 65 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]

43

Data in context

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

20
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Data in context

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

Expand memory: Multiplication

Class exercise

48
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Expand memory: Multiplication

34
x 87

49

Expand memory: Multiplication

34
x 87
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Mental Paper & Pencil

50
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Most powerful brain?
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The Dragons of Eden [Carl Sagan 1977]
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COMMUNICATE, INFORM, INSPIRE

57

Tell a story

BRAIN MASS
grams 01 a 1 10 100 1,000 10,000 100,000

100 1,000 10,000 100,000

10
BODY MASS kilograms

Beautiful Evidence [Tufte 2006]

58
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Present an argument

DLAGRAM o zax EATISKS or MOKTALITY
o ARMY i i EAST. Ao s

DIAGRAM or e CAUSES of MORTALITY

INTHE ARMY IN THE EAST APRIL 1854 1o MARCH 1855

2.
APRIL 1855 ro MARCH 1856

e

O

557
oy yzane®

The Areas of the blue, red, & black swedges are each measured from
the centre as the common vertex

The blue wedges measured from the centre of the circie represent area 9
for area the deaths from Preventible or Mitigable Zymotic Diseases, the 2
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 Noo" 1854 marks the boundary
of the deaths from all other causes during the month

In October 1854, & April 1853, the black area coincides with the red,
in January & February 1836, the blue coincides with the black

The entire areas may be compared by following the blue, the red & the

‘to affect gh their word-proof ear

59

Ehe New Nork Times ===
Inform i
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Russia Fears
But Can't Quit
Open Internet

th Control Decpens

et

hitps://www, hingtonpost.com/graphics/2020/world/corona-simul L

Women's Burden n Venezucla

61
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PROPORTION DES NEGRES LIBRES ET DES ESCLAVES EN AMERIQUE .

DONE BY ATLANTA UNIVERSITY .

TEs

1810 1820 1830 1840 1850 1860 870
T W R TR e T

SLAVES
ESCLAVES

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

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

9/22/25

Bones in hand [Gray's Anatomy 1918 ed.]

Double helix model
[Watson and Crick 53]

63
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IN THIS COURSE, ...

67
Mon: The Purpose of Visualization = Wed: Data and Image Models
LES VARIABLES DE L'IMAGE
- POINTS, LIGNES 12 14
Photographs, blueprints, ... 2 DIMENSIONS x AW
DU PLAN el i
[ 4 - Y
Process and calculate TALLE |I|I| ! oQ=
Reason about data — =
Expand memory VALEUR m 1 ZE i?”a o =&
LES VARIABLES DE SEPﬂMION DES IMAGES 13
Share and persuade GRAIN E E E — —
Emphasize important aspects of data ol o
COULEUR I l I =SHES
ORIENTATION| I ' N ===
FORME ] A ° ==
Week 1
68
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Mon: Visualization Design Wed: Exploratory Data Analysis

Ranking The R‘"h:j ““’3'—’?7’73/‘/\3” Betaeen 2011-200%
Jeeoc0o®@@®® =i
e @ ® @ ¢ o ® WSS
5le@e @ © © @@ e o @ 0 Biksy

F T T T AT R O, T R ]

ks ke il ot b o ot o A

| | | |
69
Mon: Chart Design Wed: Interaction
:: WML Ontnesegocs a5 segee ‘ )
J30 / ‘V‘W\f . -
il 20 ’ ,f A
e _
40 -
w‘/d\/‘/ o ) g
e i
bl wsm
Week 3
| | | | | | | | |
70
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Week 4

Mon: Introduction to D3

Wed: D3 Tutorial

71

Mon: Perception

..........

size | orientation

ooooooooooo

ooooooooooo

\\\\\\\\\

Wed: Visual Explainers

!i‘ had played

72
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Mon: Color

ColorBrewer

5-class diverging RdGy

<A >

=

logend type
amD
oD CED

mini legends.

didaes
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@D @ @ o
@

m

o e L T T S S—
@ I

Week 6

Wed: Animation

U.S. GUN DEATHS IN

502,025

73

Mon: Network Layout

o
=

it
]

P

v
oy o o

Wed: Network Analysis

74
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Week 8

_— —

Restyled Result

Mon: Deconstructing Visualizations

Wed: Visualization and Al

sifcation model, colored by predicion cor-

@) Small mulipes by sex. Each seanerplot
shows age vs posiiv classifcaion score.
colord by classifcation

(©) Too-timensional histogram of age und
sex colored by clasificuion.

) Histograms of pert
sion model tha prdicts age, fuccted ito 3
age buckets

4 reges-

75

Mon: Text Visualization

and i
2 but ooking for
married °4* -
i am¢~—=z,
a Z
looking for 9 _i )
pr— = .

Week 9

Wed: Visualization and NLP

How Common Is Religious Extremism?
 Common M Not Common

Muslims
Pagan/earth-based
Protestants

Jews

Unaffiliated -

Religion

Catholics
Mormons
Orthodox Christian
Buddhists

Hindus

Q1: What is the percentage of response

“‘Common’ for Catholics?

A(Sempre): 92

A(Ours): 8. 1 looked up the length of the
orange bar for ‘Catholics’.

component?
A(Sempre): Hindus
the longest orange bar.
Q3: What does the blue field represent?
A(Sempre): 24

Q2: Which religion has the longest orange

A(Ours): Muslims. | looked up ‘Religion’ of

A(Ours): Not Common. | looked up what blue
represents by looking at the legend.

76

31



TALKING TURKEY [#érsticures

Numbs
the nation

The Turkey
Industry

20-25%

s industry

Amount of turke
in 2008,

The total
b

Final Project Review and Feedback

Week 10

78

9/22/25
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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.

YOU SHOULD EXPECT TO

visualizations

data using existing visualization tools
interactive data visualizations

a substantial visualization project

80
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COURSE MECHANICS

https://magrawala.github.io/cs448b-fa25/

Instructor: Maneesh Agrawala

34
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Course Assistant: Riya Karumanchi

— _
Office Hours: 4:30-5:30pm Wednesdays

Location: CoDA 3 Floor

Course Assistant: Shriya Reddy

Office Hours: 3:30-4:30 Mondays
Location: CoDA 3 Floor

35
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Office Hours

Maneesh: 2-3pm Thu, CoDA E362
Riya: 4:30-5:30pm Wed, CoDA 3rd Floor
Shriya: 3:30-4:30 Mon, CoDA 3 Floor

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

https://canvas.stanford.edu/courses/215694/external _tools/11232

86
Ldwand R Tufie
Envisioning Information
YEMWET™ MWW WM
SECOND EDITION
The Visual Display
of Quantitative Information
See also: www.edwardtufte.com
87

36
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Optional Textbook

3

)

Visualization
Analysis & Design

Tamara Munzner

For additional
theory and depth

88

Interactive Notebooks

Interactivity

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

features is its support for interaction.

tools (Vega

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:

Miles_per_Gallon

0 2 0 @ & 0 @ W 10 1 20
Horsepower
vl.markPoint().data(cars).encode(
vLx(). FieldQ('H ",
vL.y().fieldQ('Miles_per_Gallon'),
vl.color().fieldN('Origin'),
vl.tooltip(['Name', 'Origin'l) how the N
). render()

Hands-on engagement with course
concepts and modern visualization

-Lite / D3), in JavaScript

(Observable)

Extra: Fri 9/26

iy We will provide an intro to

JavaScript/Observable on Zoom.

More details on course website.

20 20

Observable

Use data to think, together.

& https:/Jobservablehq.com

89
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Readings

From books, notebooks and linked articles
Many open to public, some may require SUNet|D/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
comment per week through week 9
Must post by (Sun at 8pm)
You have 1 pass for the quarter

Class home page
https://magrawala.github.io/cs448b-fa25/

90

Reading Responses

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

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

91

38


https://magrawala.github.io/cs448b-fa25/
https://magrawala.github.io/cs448b-fa25/
https://magrawala.github.io/cs448b-fa25/

9/22/25

In-Person Discussion

Discussion and critique are for effective design and
evaluation of visualizations

* In-person discussion is more effective than online and benefits all attendees
+ Attendance is mandatory for non-CGOE students
* Will be considered in grading for non-CGOE students

92
Ll
Assignments
Class participation (10%)
Assignment 1: Visualization Design (10%) due 9/29
Assignment 2: Exploratory Data Analysis (15%) due 10/13
Use Tableau or Vega-Lite
Assignment 3: Interactive Prototype (25%) due 10/27
Should be familiar with Javascript
Will cover basics of Vega-Lite and D3 in class
Final Project (40%) proposal due 11/3, design review 12/1, 12/3, final submission 12/7
93
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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

94

Structure of Musicals

Lyricar TuemEs IN HavicroN

TilkLes, e e St For Noting My St Kings College

Lok Around King Geore Right Hand M

(TR TN DR NUUOR R R e T
T T T T IR R T

e Helpless | snc: "Helpless'

Lyrical themes in Hamilton [Townley-Smith, Sterman, Cook 2016]

95
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Visualization of Narrative Structure

< All books 1 2
Instructions
Press ? to toggle this box.

10 11 12 13

14

15 16 17 18 19

Chapter 1

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.

Negative -

i q‘ 'vwvwwryww ""Vv ﬂ""rr‘-r W ’,r.‘. k|
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AllCharacters. 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 answe

What insight do you want to communicate?

Data: Halloween Candy Class Ranking

As part of the first lecture in this class you have been asked to fill out a form asking you to rank 12 types|
of candy commonly passed out on Halloween (fun-sized portions) from 1=best to 12=worst. We have
aggregated and wrangled the data to produce a data table with the following information.

Number of records: 12
Data fields:
candy: Name of candy.
chocolate: Does it contain chocolate?
fruity: Is it fruit flavored?
caramel: s there caramel in the candy?
peanutyalmondy: Does it contain peanuts, peanut butter or aimonds?
nougat: Does it contain nougat?
crispedricewater: Does it contain crisped rice, wafers or a cookie component?
hard:Is it hard candy?
bar: Is it a candy bar?
pluribus: s it one of many candies in a bag or box?
sugarpercent: The percentile of sugar it fall under within a larger ata set of 85 candies.
pricepercent: The unit price percentile compared with a larger data set of 86 candies.
classwinpercent: The win percentage based on all the pairwise ranking match-ups in our class.

“The data will be available in Gsv format (after we process and wrangle i) at:
classHalloweenCandy2025.csv.
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https://forms.gle/Sd7ngHrSuCxLDb6C6
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Assignment 1: Visualization Design

Due: Monday Sop 29,2025 by 6am

In s assignment

Youshouidint every pixelinthe
cisplay. You ar fee o use any grapn se-inclucing drafing t by hand.

ring o

Data: Halloween Candy Class Ranking

Aspartt o o 9 y0u o rank 12 types.
of candy commnly passed outon Halloween (un-sized portons) fom 1=best o 12=worst, We have
agaregated and wrangled the datato pro ta table with the follwing information

Number of records: 12
Data ids:
andy: Nams of cand
Ghocolate: Doss it contin chocolte?
ruiy: st it avorad?
aramet: s there caramal it

W
peanutyaimondy: Doss i contain peanuts, peanut buteror aimonds?
nougat: Doss i contain nougal?

n ripad i, wafers o
harcs st hard cancy?

bars s it candy bar?

pluribus: st one of many candiss n abag or box?
sugarporoent: The percentio of sugar it fall undor withn a ar
pricepercent: Tha uni price percantiscompared with  arger cata sa of 85 candies.

setof 85 candies.

clsshaloweenCandy2025.csv

Note that al the fieds. asubset of y
Avice s avaiabie from Kaggle.

Assignment

Yourtaskisto . singlo imag o u baiave

cively c the data s thand
paragraphs) describing your design choices. Start by choosing a cusstion you'd e your isuaization

your graphic.

v you arofroo o ier, ansi

A diferent a cataset, yourwrte-

What aspects of the data you e aftempting to most effctvely commuricate. I shor, what story aro
You rying o tal? Just s Important, also note which aspacts of the data might be abscured due 0 your
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