6.859: Interactive Data Visualization
The Value of Visualization

Arvind Satyanarayan
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2016 —16,100 exabytes

How much data are we producing? o

(1 exabyte =1 million terabytes)

A stack of iPads that stretched
2/3rd of the way to the Moon!

A stack of DVDs stretching from
the Earth to the Moon, and back!

) 2013 — 4,400 exabytes
[Gantz 14]

2011—1,800 exabytes
[Gantz11]

2010—1,200 exabytes
2002 —5 exa bytes 2006 —161 exa bytes [Gantz 11]
[Gantz 07] ,

[Lyman 03]
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New confirmed coronavirus cases by day

40
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A Daily new confirmed cases of COVID-19
— The line is blue when the rate of positive tests in a country is low - this means a country performs many tests
relative to the size of the outbreak.

Red indicates a high positive rate of tests. This suggests that the true number of infections may be far higher than
the number of confirmed cases.
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Physical Sensors +
The Internet of Things (loT)

5 Qunnnass

Cabspotting, Stamen Design (2008)
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Records of Human Activity
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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




Machine Learning!



Machine Learning?



Machine Learning?

Imagine a system to analyze large amounts of data.

1. Why would you have a human in-the-loop?
2. Why would you have a computer in-the-loop?

. Raise your
¥ hand

Post in the
chat




Machine Learning?

Imagine a system to analyze large amounts of data.

1. Why would you have a human in-the-loop?
2. Why would you have a computer in-the-loop?
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SetA

X Y
10 8.04
8 6.95
13 7.58
9 8.81
11 8.33
14 9.96
6 7.24
4 4.26
12 10.84
7 4.82
5 5.68

Summary Statistics
Uy =9.0 Oyx=3.317
U.y=7.5 Gy= 2.03

SetB
X Y

10 9.14
3 3.14
13 8.74
9 8.77
11 9.26
14 8.1
6 6.13
4 3.1
12 9.11
7 7.26
5 4.74

Linear Regression

Y =3+0.5X
R2=0.67

SetC
Y
10 7.46
3 6.77
13 12.74
9 7.1
11 7.81
14 3.84
6 6.08
4 5.39
12 8.15
7 6.42
5 5.73

SetD

=
CO OO OO O OO OO OO OO OO OO0 0o

6.58
5.76
/.71
8.84
8.47
7.04
5.25
12.5
5.56
/.91
6.39

[Anscombe 1973]
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Alberto Cairo &
@albertocairo

Don't trust summary statistics. Always
visualize your data first
robertgrantstats.co.uk/drawmydata.htmi

N =157 ; Xmean = 50.7333 ; X SD = 19.5661 ; Y mean = 46.495 ;Y SD = 27.2828 ;
Pearson correlation = -0.1772
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The Datasaurus Dozen, Matejka & Fitzmaurice (2008)
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Record information
Blueprints, photographs, seismographs, ...

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

Communicate information to others (explanatory visualization)
Share and persuade
Collaborate and revise

18
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Record information
Blueprints, photographs, seismographs, ...
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Bay Horse "Daisy", Muybridge. (1884-86



c | E.]). Marey's sphygmograph (1863)  Directly recorded pulse
RECO I’Cl I nfO ~ First external, non-intrusive way as a waveform.

to measure blood pressure.
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Cloud and bubble

chambers reveal
properties of
subatomic particles
by making their
tracks visible.
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Record information
Blueprints, photographs, seismographs, ...
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Analyze data to support reasoning (exploratory visualization)
Develop and assess hypotheses
Find patterns / Discover errors in data
Expand memory

25
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To investigate London's 1854
cholera epidemic, John Snow

plotted position of each case
on a map.

Map put the data in context.

Used to support hypothesis
that Broad St. pump was the
cause.
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Interactively generate and
evaluate hypotheses.

1

Time of Day Arrival Delay (min.) Distance (mi.)

_|_

0O 2 4 6 8 10 12 14 16 18 20 22 24 -60 -40 -20 0O 20 40 60 80 100 120 140 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,00(

Date

Jan 14 Jan 21 Jan 28 Feb 04 Feb 11 Feb 18 Feb 25 Mar 04 Mar 11 Mar 25

Crossfilter.js, Bostock. (2015)
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Support Reasoning
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One of the first interactive
visualizations that enabled
social data analysis.
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Baby Name > o
Engaging design + data
fueled collaborative
900,000 .
e cxploration.
> “Which letter has gone down most
700,000 . .
consistently? W? Observation: Note
> S00.900 the recent upsurge inY; basically all
500,000 due to Hispanic (and some Middle
—— Eastern) names”
o0 000 “You're right, W has gone most
consistently down, although Fis
== pretty close (if it weren't for Faith...)”
100,000
1880s 1890s 1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2017 Try |t out at:

NameVoyager, Wattenberg. (2005) 8 B babynamewizard.com/voyager
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http://babynamewizard.com/voyager
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Class Exercise!
34 X 72
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Mental Paper & Pencil
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Analyze data to support reasoning (exploratory visualization)
Develop and assess hypotheses
Find patterns / Discover errors in data
Expand memory

32
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Communicate information to others (explanatory visualization)
Share and persuade
Collaborate and revise
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Communlcate Info
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Exports and Imports to and from DENMARK % NORWAY from 100 101780

William Playfair, a Scottish

, i | i N ; . L
a - T - l engineer and economist, is
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N e B B — 57 —sl o | .
- N < eal l modern graphical methods.
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! i o f  FAVOUR 0/ ) | :
_ 1- I G 7. 777y el |n 1786, published The
T I A nesswens B Commercial and Political Atlas
= | B | : :
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| "You have before you, my Lords and Gentlemen, a chart of the prices of wheat

CO mmun | C ate | N fO } for 250 years [...] the main fact deserving of consideration is, that never at any

former period was wheat so cheap, in proportion to mechanical labour, as it is
at the present time" — William Playfair, 1822 letter to Parliament.
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, DIAGRAM or rre CAUSES or MORTPALITY

APRIL 1855 ro MARCH 1856.

,3\)“‘6.' :

IN THE ARMY IN THE EAST.

Xy y 9¢g; ~ \99\‘ S
Wonye yaaws™® "

The Areas of the blue, red, & black wedges are eack measured. from
the cenire as the commmon vertea.

1ee blue wedges. measured from the cenire of the circle repreosent area
for area the deatls from FPreveriible or Miligable Zymotice diseases, the
red wedges measured rom thecentre the deatts from wourds; & the
black wedges measured from the cenire the deatts from all other causes.

T?he black lne across the ved triarngle in Nov! 1854 marks the boundary
o the deaihs from all other causes during the monily.

I Oclober 1854, & April 1655, the black area coirnides wrth the red,
wJanwary & February 7555 the blie cotncdes with the black:

The entire areas may be compared by following the blue. the ved & the
black lines enclosing them .

i i
APRIL 1854 roMARCH 1855.

WALl

. CRIMEA

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

—Florence Nightingale on
her "coxcomb” of Crimean
War Deaths (1856).

Chart vividly depicts that
the main cause of deaths
was not war wounds but

unsanitary conditions.

Returned to Britain and led
a successful campaign for
better conditions in
barracks and hospitals.
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The -Best Sfats You've Ever Seen, Hans Rosling (2006).


https://youtu.be/hVimVzgtD6w?t=148
https://youtu.be/hVimVzgtD6w?t=148

enu Q_ Search Bloomberg Businessweek Sign In Subs



Follow the lives of 0 boys who grew
up in rich families ...

Grew up rich

Most white boys
raised In wealthy
families will stay rich
or upper middle class
as adults, but black
boys = raised In
similarly rich
households will not.

\

Extensive Data Shows Punishing
Reach of Racism for Black Boys

By EMILY BADGER, CLAIRE CAIN MILLER, ADAM PEARCE and KEVIN QUEALY MARCH 19, 2018

Rich adult

Upper-middle-class adult
Middle-class adult
Lower-middle-class adult

Poor adult

...and see where they end
up as adults:

WHITE MEN BLACK MEN

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%



How the popular vote for the House translates into seats

How various breakdowns in the national popular vote correspond to the most likely distributions of House
seats by party, according to our forecast

HIGHER PROBABILITY ——> Democrats are favored to win a

_ majority of seats if they win the
popular vote by at least 5.6 points
Party breakdown Y
320-115
300-135
280-155
260-175
240-185 Democrats win both the 1
popular vote and the House :
MAJORITY —
Democrats win the popular vote, GOP wins both
240-195 but Republicans win the House '
260-175
House Forecast, B ~
D+20 D+15 D+10 D+5 EVEN R+5

FiveThirtyEight (2018). Popular vote margin
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Communicate information to others (explanatory visualization)
Share and persuade
Collaborate and revise
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Record information
Blueprints, photographs, seismographs, ...

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

Communicate information to others (explanatory visualization)
Share and persuade
Collaborate and revise
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Course Mechanics

http://vis.csail. mit.edu/classes/6.859/
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Course Goals|
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By the end of the course, you should expect to be able to:

1. key visualization techniques and theory.

. Design, evaluate, and critigue visualizations.

. Wrangle, explore, and explain datasets using visualizations.
. Implement interactive data visualizations.

. Develop a substantial visualization project.

o~ U1 N NN

and visualization research.
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Data & Image Models
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CO u rS e O p I CS ‘l; ® ® O Data Types, Graphical Marks, = X -+
” < C @ observablehq.com/@mitvis/data-types-graphical-marks-and-visual-encoding-channels

’

Marks & Visual Encodings

At the heart of Vega-Lite is the use of encodings that map data fields (with a given data
type) to the properties (or encoding channels) of geometric shapes (called marks).

For example, we can visualize data from the year 2000 (in our previously calculated
data2000 variable) using a point mark as follows:

o

vl.markPoint()
.data(data2000)

Visual Encoding

Here the rendering consists of one point per row in the dataset, all plotted on top of
each other, since we have not yet specified positions for these points.

o [

W I t h Ve g a — L I t e To visually separate the points, we can map various encoding channels, or channels for
short, to fields in the dataset. For example, we could encode the fertility field on
the x channel, which represents the x-axis position of the points. To specify this, use
the .encode method:

fertility

vi.markPoint()
.data(data2000)
.encode(
vi.x().field('fertility"')
)

.render()

Here is a sampling of some (but not all) encoding channels:

e x: Horizontal (x-axis) position of the mark.
 y: Vertical (y-axis) position of the mark.
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Sales of SlicersDicers Compared to Other Products

SlicerDicers’ Sales Compared to Other Products July - December, 2003

(SlicersDicers' sales are displayed as black reference lines of 100%, the red bars
represent the average monthly sales percentage for July through December.)

vs. RoundTuits

o AhHuts 3002 - 3002 -
2502 - 2502 -

2002 - 200
15024 - 150 -
O NervousHellies 1002 - 1003 -
502 - 50 -
0% -

O RingaDingies
300 4
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Problematic Design Redesign
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Exploratory
Data
Analysis (EDA)

Data

=] & G

Analytics

e World Indicators

Dimensions

=Abc  Above Threshold?

=Abc Birth Rate Bin
Country

Ea

se of Business (clusters)

GDP per Capita (bin)
Region
Measures

v [ Business

R

Business Tax Rate
Days to Start Business
Ease of Business
Hours to do Tax

Lending Interest

v [ Development

R R

CO2 Emissions
Energy Usage

GDP

Internet Usage
Mobile Phone Usage
Tourism Inbound

Tourism Outbound

v [ Health

# # # #

# %

Health Exp % GDP
Health Exp/Capita
Infant Mortality Rate
Life Expectancy

Life Expectancy Female

Life Expectancy Male

v [ Population

4

Birth Rate

Parameters

# Health Exp Threshold

B Data Source

208 marks

Filters

YEAR(Year): 2012

Marks
O Automatic

: &

Color Size

°
000

Detail Tooltip

8 g

lii Columns

Label

Birth Rate Bin =

AVG(Population To..

AVG(Birth Rate)

Country

Ease of Business (..

Region

Population = Health Indicators

© OpenStreetMap contributors

Care Spend = Technology Economy

1rowby 1 column  SUM of AVG(Birth Rate): 429.6%

+ Tableau - World Indicators [Read-Only]
S T Q

Population and Birth Rate (2012)

HH Tourism HH Business

gl - I g

[0 Global Indicators

[._T._L

=2

sl

== Show Me

Birth Rate Bin

B Above 3%
1.5-3%
B Below 1.5%

Caption

Data Source: http://

data.worldbank.org/
data-catalog/world-
development-indicators

AVG(Population Total)

0.0M
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. . T CIE 1931 xy chromaticity diagram
| ° N showing the gamut of the sSRGB and Adobe RGB color spaces
) ‘f including the Planckian locus, with temperatures indicated.
O l l r S e O p I c S 1 | Wavelengths of monochromatic light are shown in blue.
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Animation

Heer & Rovertson. (2007).
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Narrative

|

|

® (< ] ) archive.nytimes.com/www.nytimes.com/interactive/2013/10/0S ¢ M «

Janet L. Yellen, on the Economy’s Twists and Turns

1 2 3 4 5 6 7 NEX@) Unemploymgntrate—»

Inflation and unemployment

The Federal Reserve is said to have a | .
nflation

“dual mandate”: keeping inflation in rate

check and the unemployment rate

low. These measures, which tend to "!f'_a?,'.,‘,’__?‘ g

change cyclically and in concert with
each other, are charted for every year
since the Great Depression.

In speeches and in meetings, Ms.
Yellen, the nominee for the next Fed
leader, has commented on the Fed's
actions during significant periods,

o i . ) 1969 »
providing a window into her views

and priorities.

1992 Economic boom

Latest recession

270 Since 2007

T '00

I98 '13

*The natural rate of unemployment is defined as the lowest sustainable level of unemployment over the long term. If the rate is pushed any lower than the natural level, wages and prices would
rise.

By TOM GIRATIKANON and ALICIA PARLAPIANO

Sources: Federal Reserve Bank of St. Louis (inflation, measured by annual change in core personal consumption expenditures); Bureau of Labor Statistics (unemployment rate, annual average);

National Bureau of Economic Research (unemployment rate before 1947)

(C) [) N a¥V~W\\T-1Y - aal~ alaala a ita A a Dri a AVa hniro AVa artico Qrm a - Qrrn 0 arviro AV a Alith ®, =ralla ala o alaYala'
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Error & Uncertainty

Vote margin
12

R | R

Clinton +0.6
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Mapping &
Cartography

Dymaxion Maps, Fuller. (1946)
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My career:

BS, UC San Diego => PhD, Stanford (+UW) =>
Visiting Researcher, Google Brain => Newish faculty

Research Interests:
Interactive Data Visualization (1)

Machine Learning Interpretability

For fun:
Run along the esplanade

Cook (but not bake!)

Arvind Satyanarayan
he/him

arvindsatya@mit.edu
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v | 3rd-year PhD @ HCI Engineering Group, CSAIL
Oga (he/him)  focus: unobtrusive tags & digital fabrication

What | do in my free time: singing & playing the guitar,
design, diversity & inclusion volunteering, Chinese,
MIT European Club & European Career Fair
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fields, including robotics, pharmaceuticals, finance, applicants worldwide. and startups.
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MEng @ D-Lab
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What | like to do in my free time:

learn new things!
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EJ (he/him)
MEng @ Visualization Group - CSAIL
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Katie (she/her)
MEng @ Visualization Group
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' Course Gradl ng 3@
Class Participation
Reading Commentaries
Ao: Sketching Visualizations
A1: Visualization Design
A2: Exploratory Data Analysis
A3: White/Black Hat Visualization
A4: Interactive Narratives
Final Project
Proposal

MVP + Presentations

Poster Session + Final Deliverables

5%
5%
2%
3%
10%
15%
20%
40%

Due 2/22
Due 3/1
Due 3/9
Due 3/24

Due 4/5,4/12

Due 4/16
Due 5/3
Due 5/11
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Lectures will be recorded and posted to
Canvas.

You may attend asynchronously but we
encourage synchronous attendance if
you're able to.

Class Participation 5%

Class Participation grade will be primarily
determined by activity on Slack:

Introduce yourself in #introductions
Ask and answer questions

Post links to + critique interesting
visualizations you find online.

Share your work!!
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Reading Commentaries

'8 3.

5%

Readings posted on nb2.csail.mit.edu—
sign up invitations emailed, contact
staff if you haven't received them.

1-2 readings per week—a mix of research
papers, articles, interactive exercises.

On nb, post1 paragraph per reading.
Should not be a summary.

Start a new thread, respond to an
existing thread, etc.

WEe'll discuss readings in class, so have
commentaries posted by noon.

You have 2 "passes” for the semester.

67



— =

! Course Gradlng

L._.»—Q?_W, ——— e —

l

Ao: Sketching Visualizations

A1: Visualization Design

A2: Exploratory Data Analysis

A3: White/Black Hat Visualization

A4: Interactive Narratives

2%
3%
10%
15%
20%

5 slack days which can be used as you
wish for assignments.

Slack days should cover minorillnesses,
special occasions (including religious
holidays).

Additional extensions only granted for
serious issues with a written note of

support from S3 or GradSupport @ OGE.
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Major visualization project on topic/
dataset of your choice.

Second half of the course.

Teams of 1—4 people with a1 page project
proposal.

In-class presentations of minimal viable

Final Project 20% product (MVP). Peer review/critique.

Final presentations during the last class
session (format TBD).

Proposal
MVP + Presentations

Poster Session + Final Deliverables



Questions?

http://vis.csail. mit.edu/classes/6.859/



