6.859: Interactive Data Visualization
Narrative Visualization

Arvind Satyanarayan

entum Really Works

Optimum

We often think of Momentum as a means of dampening oscillatiq
and speeding up the iterations, leading to faster convergence.
has other interesting behavior. It allows a larger range of step-si
to be used, and creates its own oscillations. What is going on?
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The Melbourne, Florida area averaged 53 days when
temperatures climb to 90 degrees or higher in 1960, and could

expect to see between 104 and 147 very hot days by the end of
this century.

COSTA
RICA

Follow the lives of 2,732 boys who
grew up in rich families .
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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.

Even when children grow up next to each other wi

who earn similar incomes, black boys fare worse tha

Home Price

A very important factor, but not the
only one. Our estimate will improve
as you enter more details below.

$250,000

How Long Do You Plan to Stay?

Buying tends to be better the longer you stay because the upfront fees are spread
out over many years.

9 years

What Are Your Mortgage Details?

In addition to the interest rate and down payment, the calculator takes into
account the mortgage-interest tax deduction.

3.67%

Mortgage rate
$917 per month

fter 9 years

How to Read the Cha
flat indicate factors tha
important to the outco
that have steep slopes

The winding path to 270 electoral votes

A candidate needs at least 270 electoral votes to ¢
the states ordered by the projected margin betwe
left, Trump’s farthest right — and sized by the nu
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Views of the World

Vis researchers [John Stasko 2016]

Presentation

Analysis

Everyone else

Analysis ,
Presentation
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Narrative Visualization



narrative (n): “An account of a series of events,
facts, etc., given in order and with the establishing
of connections between them.”

—Oxford English Dictionary

Narrative Visualization



"You have before you, my Lords and Gentlemen, a chart of the prices of wheat 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 rie CAUSES or MORTPALITY

A
APRIL 1855 ro MARCH 1856.

IN THE ARMY IN THE EAST.
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The Areas of the blue, red, & black wedges are each measured. from
the cenlre as the commmon vertea.

The blue wedges- measured from the cenire of the circle repreosent area
for area the deaths from- Frevenidble o Miligable Zymotee diseases; the
red wedges measured 1vom the cerndre the dealts from wourds, & the

black wedges measured. from the cenire the deatts from all other causes.

The black Line across the ved triangle in Nov? 1854 marks the boundary
o the deaihs Trom all other causes during the monity.

Ire October 1654, & April 1655, the black area cotrcndes with the red,
wJanuwary & February 7858, the blie cotncrdes with the bleck:

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

APRIL 1854 ro MARCH 1855.
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WAL S L L

~
R e .

"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.



PROPORTION OF FREEMEN AND SLAVES AMONG AMERICAN NEGROES .

e

V4

PROPORTION DES NEGRES LIBRES ET DES ESCLAVES EN AMERIQUE .
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https://medium.com/nightingale/w-e-b-du-bois-staggering-data-visualizations-are-as-powerful-today-as-they-were-in-1900-64752c472ae4
https://medium.com/nightingale/w-e-b-du-bois-staggering-data-visualizations-are-as-powerful-today-as-they-were-in-1900-64752c472ae4

VALUATION OF TOWN AND CITY PROPERTY OWNED
BY GEORGIA NEGROES.
DOLLARS ' ‘ [ Sl 1‘ :
B
RISE OF T | ‘ |
- FrRENEW T o
e INDUSTRIALISM.
= S [N ! : l 1 #
3,000000 — —
i el |
$ e
| 5 2 faspe o " DISFRANCHISMENT
: IPOLITICAL TP e
——  NEEST—— | PROSERETIVE 1%
S |t i el s .
2,000,000 = —~
u _ e S :
|
4 | - |
B
000,000 | - | |
. * E
= 1! & =
h h;->3< | B
e e - ]
: ()
g : %)
L ady Tl T é :
£ i T |
i | | | ] { 1 L ] i i | | | I | i L | | } J
1870 1875 1880 1885 1830 189S 1900

CITY AND RURAL POPULATION.
1830.

NEGROES IN CITIES

relss NEGROES NICITES 8025FROM 5000 TO 10000

OF OVER I0000 NHABTANTS

7858



https://www.smithsonianmag.com/history/first-time-together-and-color-book-displays-web-du-bois-visionary-infographics-180970826/
https://www.smithsonianmag.com/history/first-time-together-and-color-book-displays-web-du-bois-visionary-infographics-180970826/

- Communicating with
Interactive Articles 60+ Interactive Articles

Examining the design of interactive articles by synthesizing theory from NYTI mes Wa PO St
disciplines such as education, journalism, and visualization. ’
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Promoting self reflection

Personalizing reading
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https://distill.pub/2020/communicating-with-interactive-articles/
https://distill.pub/2020/communicating-with-interactive-articles/

4 AFFORDANCES OF THE FORMAT

Connecting people and data
Making systems playful
Promoting self reflection

Personalizing reading

Follow the lives of 932 boys who
grew up in rich families ...

1*.i.. X .*.t .( -' ' "-“
¢ Grew,upjrichiel, " 28

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.

-~ . - -
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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%

[Emily Badger, et al., The New York Times 2018]



https://www.nytimes.com/interactive/2018/03/19/upshot/race-class-white-and-black-men.html
https://www.nytimes.com/interactive/2018/03/19/upshot/race-class-white-and-black-men.html

4 AFFORDANCES OF THE FORMAT

Connecting people and data
Making systems playful
Promoting self reflection

Personalizing reading

Gun Deaths In America

CLICK to advance

[Ben Casselman, et al., FiveThirtyEight 2017]



https://fivethirtyeight.com/features/gun-deaths/
https://fivethirtyeight.com/features/gun-deaths/

Tinker With a Neural Network Right Here in Your Browser.

Dont Worry, You Can't Break It. We Promise.

Learning rate Activation Heqgularization Reqularnzation rate Problem type

cpoCcn
OO0,000 0.03 Tanh None ’ 0 Classification

4 AFFORDANCES OF THE FORMAT

Connectin g peop I e dan d. data DATA FEATURES + — 2 HIDDEN LAYERS OUTPUT
Which dataset do Which properties Test loss 0.525

Ma I(i n g SySte ms p I ayful you want to use? :;J”Lu\u to h - m @ raining loss 0.517

4 neurons 2 neurons

Promoting self reflection x
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[Smilkov & Carter., 2017]


http://playground.tensorflow.org
http://playground.tensorflow.org

SPIN Democrats: ?? Republicans: ??
Likely Democratic Competitive Likely Republican
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https://www.nytimes.com/newsgraphics/2014/senate-model/index.html
https://www.nytimes.com/newsgraphics/2014/senate-model/index.html

4 AFFORDANCES OF THE FORMAT

Connecting people and data
Making systems playful
Promoting self reflection
Personalizing reading

Draw your line on the chart below

Percent of children who attended college

ﬁ

Poorest

Parents’ income percentile

>

Richest

[Gregor Aisch, Amanda Cox, and Kevin Quealy., The New York Times, 2015]



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

4 AFFORDANCES OF THE FORMAT

Connecting people and data
Making systems playful
Promoting self reflection
Personalizing reading

D

ACTRESS

ZOOEY )

Phonetic Spelling

D ‘ | Think I've Got It
Show Me Another Skip To Results 12 NAMES LEFT
YOUR PATH

Show Me Another

Skip To Results

[Russell Goldenberg & Matt Daniels., The Pudding, 2019]



https://pudding.cool/2019/02/gyllenhaal/
https://pudding.cool/2019/02/gyllenhaal/

4 AFFORDANCES OF THE FORMAT

Connecting people and data
Making systems playful
Promoting self reflection
Personalizing reading

@& Home

Ehe New York Eimes CLIMATE

How Much Hotter Is
Your Hometown Than

When You Were Born?

As the world warms because of human-induced climate
change, most of us can expect to see more days when
temperatures hit 9o degrees Fahrenheit (32 degrees Celsius)
or higher. See how your hometown has changed so far and
how much hotter it may get.

[Nadja Popovich etal., The New York Times, 2018]

# Share

17


https://www.nytimes.com/interactive/2018/08/30/climate/how-much-hotter-is-your-hometown.html
https://www.nytimes.com/interactive/2018/08/30/climate/how-much-hotter-is-your-hometown.html

4 AFFORDANCES OF THE FORMAT

Connecting people and data
Making systems playful
Promoting self reflection

Personalizing reading
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2,800-acre is
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California
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the size of Joaquin Miller Park in Oakland,

Created by Yea-Seul Kim, Francis Nguyen, and Jessica Hullman, University of Washington

ATLAS OF ME

On-demand personalized maps for
unfamiliar distances, areas, and locations.
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Connecting people and data
Making systems playful
Promoting self reflection

Personalizing reading
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the size of Joaquin Miller Park in Oakland,

Created by Yea-Seul Kim, Francis Nguyen, and Jessica Hullman, University of Washington

ATLAS OF ME

On-demand personalized maps for
unfamiliar distances, areas, and locations.




narrative (n): “An account of a series of events,
facts, etc., given in order and with the establishing
of connections between them.”

—Oxford English Dictionary

Narrative Visualization

Effective story-telling “require[s] skills like those familiar
to movie directors, beyond a technical expert's knowledge of
computerengineering and science.” —Gershon & Page ‘01



Observed Narrative Devices
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Fig. 7. Design space analysis of narrative visualization. Columns indicate recurring design elements and selected regions highlight patterns in the data. Region (1) shows clusters of ordering
strategies that correspond to distinct genres of visual narration. Region (2) highlights the consistency of interactive designs used by visualizations. Region (3) shows the under-utilization of strategies
to engage the user in the interactive functionality. Region (4) shows the under-utilization of common storytelling techniques across narrative visualizations. 21
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[Segel & Heer, InfoVis 2010]
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even more sharply in Germany than in Italy, which is in recession, note

economists at Goldman Sachs, a bank. Yet Germany'’s service sector

appears to be growing strongly, as does that of the euro zone as a whole.

]
Production lines
Purchasing managers' indices*

Manufactu ring

Euro area

United States

China 45
.N.
1 | I | I | 1 | LI 1 || ] 1 1 |
2017 18 19
Services
60
Euro area :
United States
59
China 20
45
J\’.
1 ] I i i i i innnii! L ] LI |
2017 18 19
Sources: *Based on surveys of executives. A reading
IHS Markit; above/below 50 indicates an expansion/
Caixin contraction compared with the previous month
The Economist

Service industries are less volatile
than manufacturing, make up a
bigger slice of rich-world GDP and,
by their nature, trade less. That they
remain strong largely reflects
relatively buoyant labour markets
and consumers (German
unemployment is only 3.1%). One
exception has been Britain, where
survey data released on April 1st
and 3rd appear to show growth in
manufacturing at its strongest in
over a year and services shrinking.
Both findings are Brexit-related.
The British economy is suffering

from falling confidence, while

manufacturing appears so strong only because firms are stockpiling in

case Britain soon crashes out of the EU without a deal.

Display a menu In the 2000s some economists speculated that the growing weight of
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Budget Forecasts, Compared With Reality

Just two years ago, surpluses were predicted by 2012. How accurate have past White House budget forecasts been?

E23456NEXTP

Falling short

President Obama's t Annual surplus In today’s dollars 50.0
budget proposal A | Or deficit trillion
estimates a deficit of

$1.6 trillion for the

current fiscal year and

$1.3 trillion in 2011. 0.5
| 1.0
2011 proposal:
= |
= ) -$1.27
15
g
= 2010 estimate:
. -$1.56
S —
Annotated Chart 1982 1986 1990 1994 1998 2002 2006 2010 2020

By AMANDA COX | Send Feedback
W TWITTER m LINKEDIN SHARE

Source: Office of Management and Budget


https://archive.nytimes.com/www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html?_r=0

Interactive Slideshow Drill-Down

Author-Driven Reader-Driven

[Segel & Heer, InfoVis 2010]



Interactive Slideshow Drill-Down

Author-Driven Reader-Driven

[Segel & Heer, InfoVis 2010]
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On the Map: Five Major North Korean Prison Camps RELATED

North Korea has operated political prison camps for more than 50 years, twice as long as the Gulag in the former Soviet Union. People " Article: On the
suspected of opposing the government are forced to do slave labor in the camps, which hold an estimated 200,000 prisoners. North Diplomatic Back Burner

Korea's government says the camps don't exist, but high-resolution satellite images show otherwise. " Google Earth: North
Korea Uncovered

Click on the U map markers below for more information on each site.
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Learn more about five major Pyongyang (N e R P g

prison camps at right, or take a
closer look at life in Camp 15.
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Scale varies in this perspective.
Distances from Pyongyang: 120 miles to Seoul, 427 miles to Vladivostok

SOURCES: North Korea Uncovered; Korean Bar Association (2008 White Paper on Human Rights in North Korea"); "The Hidden Gulag," David Hawk, U.S. Committee for Human Rights in North
Korea; Joshua Stanton, One Free Korea; interviews with former prisoners and guards; Satellite Images: Google Earth; GRAPHIC: Kat Downs, Blaine Harden, Liz Heron, Laris Karklis and Francine
Uenuma - The Washington Post
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What gives away a machine-generated image?

Interactivity on illustrations can help people get more context around certain objects
that may not have clear and seperable boundaries.

The Universal Approximation Theorem in 3 levels of detail.

Select region for more Readers come with different backgrounds. What if our content could be tailored to
information. their level of knowledge about certain topics?
ILLUSTRATIVE PRECISE

Neural networks can approximate any funct®n that exists. However, we do not have a

guaranteed way to obtain such a neural network for every function.

FIGURE 9: Drag the slider to display the theorem's statement in increasing levels of detalil.

PREVIEWING CONTENT

| | Details-on-demand can also be used as a method for previewing content without committing

to another interaction or change of view. For example, when hovering over a hyperlink on

Wikinedia a nreview card i shnwn that can eantain an imaane and hrief degerintinn: this

FIGURE 7: Choose between 1 of 4 machine-generated images and brush over the circle callouts to display a short
message about each region. Generated images from (128, 129]

[Hohman, Conlen, et al., Distill 2020]
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Copenhagen: Emissions, Treaties and Impacts

At the Copenhagen climate conference, discussions are likely to cover emissions levels, the legacy
of the Kyoto Protocol and the risks of inaction on global warming. Explore each issue in the tabs

below.

Global Emnssuons Lessons From Kyoto Possible Impact
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Almo T GV ST TTTIC S|gned and ratified the protocol. The freaty’s aim was
to provide a startlng pomt for reducing global carbon dioxide emissions.

Countries that ratified Kyoto

Roll over
countnes
to leam
movre

By JAMES BRONZAN, AMANDA COX, XAQUIN G.V. and KEVIN QUEALY | Send Feedback
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“Scrolly”-telling
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A visual
Ntroduction to
macnine leaming

‘;% ENglish

In machine leaming, computers apply statistical
learning technigues to automatically identify
patterns in data. These technigues can be used to
make highly accurate predictions.

Keep scrolling. Using a data set about homes, we
will create a machine learming model to distinguish
homes in New York from homes in San Francisco.
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http://www.r2d3.us/visual-intro-to-machine-learning-part-1/
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Discrete vs. Continuous Steps

A source of debate among practitioners!
Discrete

v Simple & familiar.

X Butlessengaging?
Continuous

v/ Less “activation energy” required.

¢/ More fluid/direct: parameterized by scroll
position = rapid, incremental experience.

X But, difficult to implement properly. Can
result in “scrolljacking.”
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Published: February 2, 2010

Budget Forecasts, Compared With Reality

Just two years ago, surpluses were predicted by 2012. How accurate have past White House budget forecasts been?

1 2“4 5| 6 | NEXT b

W

Past forecasts

Even that may be an
understatement. In the
last 30 years, about 80
percent of four-year
deficit forecasts have
been too optimistic.

The early Clinton
budgets — which failed
to predict the surpluses
that were generated, in
part, by a stock market
bubble — are the only
major exception.

By AMANDA COX Send Feedback

Source: Office of Management and Budget
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The 1995 forecast for 1999
did not predict a surplus ...
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https://archive.nytimes.com/www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html?_r=0
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A toolkit for creating data-driven stories
and explorable explanations.




INPUT (EDITABLE)

## Hello World

[var name:"x" value:5 /]

The value of x is [Display value:x format:"d" /].

[Range value:x min:0 max:10 /]

OUTPUT

Hello World

The value of x is 6.
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(x) => x * Math.cos(10 / (x || 1)) /
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Presentation
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Fugazi emerged from the
in the late 1980s. They had a profound impact

on the music industry without cver joining a major

I_a y0 u t + label or brcaking into Billboard's Hot 100.
Presentation

M usic-:«lly, Fugazi produced what would come to be

known as a seminal post-hardcorc sound. Dissonant

guitars, complex rhythms, and dueling vocals combine

in unorthodox song structures. Harsh tension breaks

into blissful, melodic resolution.




