CSE 442 - Data Visualization

Narrative Visualization

Matthew Conlen

(with material from Jeft Heer, Edward Segel, and Jessica Hullman)




STORYTELLING

as ancient as mankind

Going forward

| carried wax along the line, and laid it
' thick on their ears. They tied me up, then, plumb
amidships, back to the mast, lashed to the mast,

v and took themselves again to rowing. Soon,

as we came smartly within hailing distance,

the two Sirens, noting our fast ship,

off their point, made ready, and they sang...




STORYTELLING

across various media

PEOPLE TELL STORIES
WORDS TELL STORIES
IMAGES TELL STORIES
COMICS TELL STORIES
MOVIES TELL STORIES




Narrative Story-Telling

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

Effective story-telling “require[s] skills like

those familiar to movie directors, beyond a
technical expert’s knowledge of computer
engineering and science.” - Gershon & Page ‘01
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Generals Wary of Move to Cut Their Ranks

By GINGER THOMPSON and THOM SHANKER

WASHINGTON — Maj. Gen. Paul D. Eaton, a retired Army officer, is familiar with the perks
and pitfalls of power, having commanded tens of thousands of troops at Fort Benning, Ga.,
managed budgets exceeding $2 billion in Iraq, and overseen layers upon layers of staff members
who helped manage both his professional duties and his personal life.

He has experienced the full range of lifestyles that come with military leadership, living at one
point in an elegant antebellum mansion, and at another, with eight other officers crowded in a
marble bathhouse behind one of Saddam Hussein’s old palaces.

When he traveled, he was occasionally able to justify the use of military aircraft, but most times,
he said, he flew coach. And today he lives on a pension worth 75 percent of his military salary,
with health benefits that cover everything except dental and eye care for himself and his wife.

“We are well compensated, and we live very comfortable lives,” General Eaton said, referring to
the military’s most senior leaders. “But when you lock at all the things going on around a
general, the nation is getting a very, very high return on its money.”

Not everyone at the Pentagon agrees. Two weeks ago, Defense Secretary Robert M. Gates
announced a sweeping effort to improve efficiency that, among other things, takes aim at the
military’s sacrosanct corps of generals and admirals, ordering his staff to cut at least 50
positions, and making clear that he would be happier if they cut more.
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Anecdotal Lead
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Nut Graph

Not everyone at the Pentagon agrees. Two weeks ago, Defense Secretary Robert M. Gates
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Topics

Narrative visualization design

Navigation in interactive documents

Chart sequence models

Automatic augmentation for communication



Storytelling
... with data?
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= MENU

FiveThirtyEight

Gun Deaths In America

CLICK to advance

9 10 11 12 |Explore the data for yourself »

This interactive graphic is part of our project exploring the more
than 33,000 annual gun deaths in America and what it would take
to bring that number down. See our stories on suicides among
middle-age men, homicides of young black men and accidental
deaihs, or explore the menu for more coverage,

Share



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

PUBLISHED MAY 13, 2016 AT 1:15 PM

A History Of Sumo

By Matthew Conlen

] A sport measured in centuries

Sumo may be more than a thousand years old.
Professional sumo dates back to 1684. The
results of nearly every tournament since 1761
have been collected into the greatest historical
data set in sports.

Declaration of Independence
U.S. Civil War begins

h End of Edo period

lFrench Revolution begins

1 First British Open First NBA championship

1
: First World Series
1

Al -

First Super Bowl



https://projects.fivethirtyeight.com/sumo/

Change in teen shenanigans from 1993 to 2013
Showing % difference from 2003 levels.
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Candidate campaign stops
Sept. 1

Trump Clinton


https://fivethirtyeight.com/features/the-last-10-weeks-of-2016-campaign-stops-in-one-handy-gif/
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http://www.youtube.com/watch?feature=player_detailpage&v=hVimVzgtD6w#t=159s

Narrative Devices for Storytelling with Data
What devices communicate effectively?

... for which contexts and audiences?



Narrative Visualization
Design Space
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Almost 26000 sites were identified within rivers in
England and Wales. If all of these were used for
hydropower the theoretical total power potential
wiould be 1178MW - enough electricity for about
845,000 homes. In reality the practical potential
will be a fraction of this due to practical and
environmental constraints.

The average size of each opportunity is small, at
only 45kW, and almost half were dassified as
highly sensitive, mostly due to the presence of
migratory fish such as salmon
potential win-wins were identified, representing
approximately half the total theoretical power
potential
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Events start at torch lit at

5.15pm.5.45pm

(i WALLSEND

Segedunum Roman Fort

Celebrations begin at 5.15pm at
Wallsend's Segedunum Roman fort, the
eastern buttress of the great
fortification. A host of ‘angels” will
descend on the ruins from the skies to
light the first of the 500 beacons in a
spectacular show arranged by the
German arts company Theatre Anu

YOU DON'T HAVE TO UNDERSTAND EVERYTHING WE DO TO PROFIT FROM IT.
o = United
Tochnologi

53

CASE STUDIES

0% Journalism
0% Business
0% Research
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Human Development Trends 2005
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English translation: Claes Johansson, UNDP
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http://www.gapminder.org/downloads/human-development-trends-2005/

Establishing evelopment Trends 2005

Interactive presentation of some of the messages in the Human Development Report
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http://www.gapminder.org/downloads/human-development-trends-2005/

Annotations Tell Story

. The distribution of poverty . The distribution of poverty

The last 30 years
changed the face of
global poverty.
Now Africa is the
= - - - m home of one third of
1970 1980 1990 2000 2015 all poor.

In 1970 most poor lived in
South and East Asia.

Poverty line
Poverty line

1970 1980 1990 2000 2015

Percent of world poverty Percent of world poverty
30 % South Asia 28 % South Asia
56 % East Asia -

0 % East Europe

3 % Latin America

Income below one dollar per day

0 I e

— Projection 2 Tlme“ne S“der Projection 2000-2015 Use the timebar to see

people in Asia
I 3 moving out of poverty
)

[
—_— A 1970 1980 1990 2000 2015
1970 1900 o In 2015 Africa will [r][«][w][>]
Percent of world poverty  account for the Percent of world poverty
13 % South Asia majority of world 13 % South A_sna
14 9% East Asia poverty. 14 9% East Asia

0 % East Europe (5) ZO ia:‘t Ell:rope.
5 % Latin America Yo Latin America

Poverty line

100 %
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Budget 2010: reaction from around the UK

People in key constituencies around the country give their responses to Alistair Darling's
budget

— Ridiey and Carly Lov Introductory Text '=
Consistent dnesday 24 March 2010

Visual Platform ith and Fulham

Unemployment benefit
claimant count, February

2010
?‘
! 0-1.99%
¢ P 2 -3.99%
B 4 -5.99%
_ _ B G- 7.99%
AneCdOtal StorIeS W|th - 8 - 9,999,

Shilpa Wymer, 40, is managing direc : - B 10% and above
two branches of Pitman Training Ltd, a Data Storles
training school specialising in secretarial T
and PA training

Enquiries from individuals suddenly dropped
off a cliff from October 2008 and in
January last year we had to lay off a couple
of people, though things have picked up
since. The budget seems very positive and
shows the government are thinking about
small and medium sized businesses at last.
I think the measures will help businesses be
more confident, which will have a knock-on
effect on us. It has turned my head and
made me think about which way I will vote.

Constituency profile

MP: Greg Hands, Conservative. Majority: 5,029
Unemployment benefit claimants, Feb 2010:
3,281 (up 13% over last year)
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Visual Design
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Comic Strip Slide Showy FilmAfideo/Animation

Genres for Narrative Visualization (2010)

Missing “scrolly-telling” designs...



Genres + Interactivity + Messaging =

DI ESIEIN] SIHACE

Reader Driven ASK QUESTIONS
weak ordering EXPLORE
light messaging
free interactivity

STORYTELLING Author Driven
CLARITY strong ordering
heavy messaging
limited interactivity

martini

drill-down
glass story

interactive

slideshow I e



http://www.guardian.co.uk/business/interactive/2009/mar/24/rpi-inflation?intcmp=239
http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html
http://www.washingtonpost.com/wp-srv/special/world/north-korean-prison-camps-2009

Other techniques:
simulation, games,
rhetorical, draw the trend



Watch how the measles outbreak spreads when kids get
vaccinated - and when they don't

‘ vaccinated = susceptible @ vaccinated lgut susceptible . infected @ contact with an infected person
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https://www.theguardian.com/society/ng-interactive/2015/feb/05/-sp-watch-how-measles-outbreak-spreads-when-kids-get-vaccinated

Who Should Get Parole?

Even the best risk assessments yield probabilities, not certainties. That means they label as “high risk” some people who won't
commit another crime and label as “low risk” some people who will. This simulation lets you sort offenders into risk categories
based on the results of an assessment. Think we should rarely lock up anyone who wouldn't reoffend? Set the “low risk” threshold
high and the “high risk” threshold even higher. Have little tolerance for recidivism? Try the opposite. In the real world,

policymakers have to strike a balance. Read more »

The prisoners in this simulation are up for parole. Some Prisoners are placed in one of three categories based on
will reoffend if released and some won't. They each take these estimates. Move the slider to change the cutoffs

an assessment, which estimates the chance they will for each category. "Low risk" prisoners will be awarded
reoffend. parole. "High risk" prisoners will be denied.
_I I
33 67%

Some people you let out reoffended. Some people you
left in prison wouldn't have. Are you OK with the
results?

PAROLE-ELIGIBLE
PRISONERS

LOW RISK

MEDIUM RISK

HIGH RISK

AWARDED PAROLE

0%
AWARDED PAROLE AND
THEN REOFFENDED

DENIED PAROLE



https://fivethirtyeight.com/features/prison-reform-risk-assessment/



https://theintercept.co/officer-involved/

D 48.1%

R 44.2%

Change voters’ political loyalties to build a winning coalition.

74% R

I @

White evangelical Protestant, 4
no college degree
15% of voters, expected to shrink

Members of this group are strongly anti-immigrant, not
accepting of gay identity, and do not believe that racial
discrimination is a significant issue. They are very skeptical
of government and prefer military action to diplomacy.
They are concerned about corporate greed.

White men,

CO].ngC cducation or morc
12% of voters, expected to shrink

v

Members of this group support immigrants. They are very
accepting of gay identity and are more pro-business than
any other group.

White non-evangelical Protestant,

no college degree 4
9% of voters, expected to shrink

White women, 4
college education or more
13% of voters, expected to shrink

Members of this group support immigrants, environmental
protections, and business regulation. They prefer
diplomacy to military action and are very accepting of gay
identity.

White, no religious affiliation,
no college degree >

9% of voters, minimal change expected

Members of this group are the most supportive of gay
identity. They prefer diplomacy to military action and
support business regulations and environmental
protections.

[ .
White Catholics,
no college degree

8% of voters, expected to shrink


https://fivethirtyeight.com/features/prison-reform-risk-assessment/

You Draw It: What Got Better or
Worse During Obama’s Presidency

By LARRY BUCHANAN, HAEYOUN PARK and ADAM PEARCE JAN. 15, 2017

Draw your guesses on the charts below to
see if you’re as smart as you think you are.

Under President Obama, the unemployment
rate ...

Draw the line
for the Obama years.

5.8%

o /\/

BUSH YEARS OBAMA YEARS

2000 ‘04| 08] "12] "16]


https://www.nytimes.com/interactive/2017/01/15/us/politics/you-draw-obama-legacy.html

©®  ®  yy Blue Feed, Red Feed - WSJ.co X Matthew

& C  ©® graphics.wsj.com/blue-feed-red-feed/#/health-care w ® O C :

THE WALL STREET JOURNAL. 00

Blue Feed, Red Feed

See Liberal Facebook and Conservative Facebook, Side by Side

By Jon Keegan
Published May 18, 2016 at 8:00 a.m. ET | Updated hourly

FILTER FEEDS BY TOPIC:

PRESIDENT TRUMP HEALTH CARE GUNS ABORTION ISIS BUDGET EXECUTIVE ORDER IMMIGRATION

SHOWING POSTS ABOUT:
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P The Federalist Papers @
M © hours ago

A horrible testament to what happens with government-run
healthcare systems.

m Occupy Democrats @ [ £]

2 hours ago

The president thought he could undo his predecessor's legacy, but
his plan isn't exactly panning out.

These Facebook posts do not represent the reporting or opinion of The Wall Street Journal, and are not verified, edited or endorsed in any way. Read our
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Interactive Documents:
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Published: February 2, 2010

asts, Compared With Reality

st two years ago, surpl®
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s were predicted by 2012. How accurate have past White House budget forecasts been?

Stepper
2010
Today, v /\ . $0.0

understanding of the | trillion
severity of the economic
downturn, the deficit - .. but the 2008 )
. . forecast for 2012 did.
situation is much more

dire. 0.5

The 1995 forecast for 1999
did not predict a surmplus ...

-1.0

Use the slider to isolate a single year's forecast.

1982 1986 1990 1994 1998 2002 2006 2010 2020


http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html
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¢ Ramadi: The Government Provides an ». o :
e Opening for ISIS 5 _ SARA 2014

3 i, | Tensions between this city’s residents, who are mostly

: Sunni, and the central government had been brewing
.8 here for at least a year. Then in December, Iraq’s prime
% minister, Nuri Kamal al-Maliki, ordered security forces
to dismantle a protest camp — an outlet for
disenchanted Sunnis angered at their treatment by the
Shiite-dominated government. The action ignited days
of violence and created the opening ISIS needed to seize
parts of the city, the provincial capital.

,._\
L

Falluja: A Symbolic Fall

Just days after the raid on the camp in Ramadi, ISIS
fighters destroyed the Police Headquarters and mayor’s
office here, planted their flag on government buildings
and decreed the city to be theirs. Ten years earlier,
American forces had captured this city from Qaeda-style
insurgents at a considerable cost of American lives.

17 MILES TO BAGHDAD
TR 4 -


http://www.nytimes.com/interactive/2014/07/03/world/middleeast/syria-iraq-isis-rogue-state-along-two-rivers.html
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A visual
INntroduction to
machine learning

(®: | English ;

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

Keep scrolling. Using a data set about homes, we
will create a machine learning model to distinguish
homes in New York from homes in San Francisco.

o
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http://www.r2d3.us/visual-intro-to-machine-learning-part-1/

Discrete step vs. Continuous scroll

Different means for narrative navigation.
A source of debate among practitioners!


https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe

Discrete step vs. Continuous scroll

Different means for narrative navigation.
A source of debate among practitioners!

Step: sequential frames as in a slideshow
Simple and familiar, but less engaging?


https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe

Discrete step vs. Continuous scroll

Different means for narrative navigation.
A source of debate among practitioners!

Step: sequential frames as in a slideshow
Simple and familiar, but less engaging?

Scroll: continuous navigation of page
Parameterize content by scroll position
May cause usability / scrolljacking issues


https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe

Discrete step vs. Continuous scroll

Different means for narrative navigation.
A source of debate among practitioners!

Step: sequential frames as in a slideshow
Simple and familiar, but less engaging?

Scroll: continuous navigation of page
Parameterize content by scroll position
May cause usability / scrolljacking issues

Hybrids: scroller with discrete sections


https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe

Narrative Implementation

Do-It-Yourself
Monitor scroll position & element positions

Guidance: M. Bostock, J. Vallandingham

Third-Party Support
Helper Libraries
Interactive Document Formats: |dyll


https://bost.ocks.org/mike/scroll/
http://vallandingham.me/think_you_can_scroll.html

Chart Sequence Models



Multiple Charts in Data Analysi
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Multiple Charts in Story Telling

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 Emissions Lessons From Kyoto Possible Impact

E@:"“’S‘G\?’B\e\wln NEXT b

Almost every country in the world signed and ratified the protocol. The treaty’s aim was
to provide a starting point for reducing global carbon dioxide emissions.

Countries that ratified Kyoto

-

Roll over
countnes
to leam

more

By JAMES BRONZAN, AMANDA COX, XAQUIN G.V. and KEVIN QUEALY Send Feedback



In many cases, data is conveyed
via a sequence of charts.

How might we evaluate different
orderings of visualizations?



GraphScape: A Directed Graph Model
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Nodes are Vega-Lite specifications. Edges represent edit

operations, weighted by estimated transition costs.

[Kim, Wongsuphasawat, Hullman, Heer, CHI'17]
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GraphScape
Previously we've discussed approaches for
automatic design of a single visualization.

GraphScape supports automated design
methods for collections of visualizations.

Plenty of future work to do here!



Automatic Augmentation of
Charts for Communication



Given existing visualizations, can
we adapt them to communicate
more effectively?



Graphical Overlays [Kongetal.'12]

Add (interactive) reading aids to bitmap charts!
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Graphical Overlays [Kongetal.'12]

Add (interactive) reading aids to bitmap charts!
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Graphical Overlays [Kongetal.'12]

Add (interactive) reading aids to bitmap charts!
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Annotated Visualizations in News

@bt :'\'cw uol’k Eimcs Business Day Search All NYTimes.com Orange SGVI!QS

Technology -

WORLD U.S. N.Y./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION ARTS STYLE TRAVEL JOBS REAL ESTATE

AUTOS
Search Technology Inside Technology Bits Personal Tech »
Go Internet Start-Ups Business Computing Companies Blog » Digital Cameras Cellphones [ ALL PRODUCTS
. . Apple and Microsoft's Tug of War
Apple PaSSGS MlCl'OSOft as NO. 1m TECh Apple, the maker of iPods, iPhones and iPads, shot past Microsoft on May 26, 2010, supplanting the computer software giant as the world’s most valuable
¢ MIGUEL MELFT and ASHUEE VANCE technology company. This changing of the guard caps one of the most stunning turnarounds in business history for Apple, which had been given up for
Atlished: May 26, 201 dead only a decade earlier. The rapidly rising value attached to Apple by investors also heralds an important cultural shift: Consumer tastes have overtaken

the needs of business as the leading force shaping technology. Related Article »

SAN FRANCISCO — Wall Street has called the end of an era and the RECOWMEND

beginning of the next one: The most important technology product  rwrea Microsoft [GIEG/GATES BAUMER
no longer sits on your desk but rather fits in your hand. 0 Lo $600 ‘90 '95 '00 05 10
» @ COMVENTS (240) MARKET CAP
@ Enarge Ths Image  The moment came Wednesday when in billions

Apple, the maker of iPods, iPhones B8 W

and iPads, shot past Microsoft, the 8 Pt 500
computer software giant, to become g acernts

the world's most valuable technology ) swane

company. 400

s vorr T This changing of the guard caps one

Apple fans crowded the Pad deme  of the most stunning turnarounds in »

Sme SAtha company’s dountous business history for Apple, which had 300
been given up for dead only a decade earlier, and its co-

Multimedia founder and visionary chief executive, Steven P. Jobs.

The rapidly rising value attached to Apple by investors

also heralds an important cultural shift: Consumer tastes 200

have overtaken the needs of business as the leading force

shaping technology.

San Fancsco slom

Microsoft, with its Windows and Office software 100
franchises, has dominated the relationship most people
Apple and Microsafts Tug of War 13 \ith their computers for almost two decades, and
that was reflected in its stock market capitalization. But
Relsied the click-clack of the keyboard has ceded ground to the
Times Topic: Apple Inc swipe of a finger across a smartphone's touch screen. Apple




Annotations Tell a Story

Microsoft C.E.O.: GATES 'BALLMER
$600 ‘90 ‘95 ‘00 05 10
MARKET CAP

in billions

500 l.

Steven A. Ballmer Named as Bill

Gates' Successor
Steven A. Ballmer was named to succeed Bill

chie in January
‘ 400 ince
| 300
200
iPhone Introduced
100 2007 instantly became one ofthe most taked:
about consumer produc r
- . 1 ] Applei
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Produced by Joshua Brustein and Danielle Belopotosky/The New York Times

Can we produce an automated solution?



Contextifier System [Hullman et al ]

Input: news article about a company

TECHNOLOGY
Yahoo Decides to Friend Facebook
4 Email b Print B3 save 8 =y scomments ‘i u ii m A A

By AMIR EFRATI

Updated Feb. 15, 2011 12:01 a ET

Yahoo Inc. [ YHOO +1.34% | watched as social-networking website Facebook Inc. stole the
attention of users and grabbed a major share of the online-advertising market.

Now the Internet pioneer is following an old mantra: If you can't beat 'em, join ‘em.

After struggling for years to develop
services that compete with the social
network, Yahoo in recent months has
installed tools such as Facebook's "Like"
and "Share" buttons on its news and sports
websites in order to help Yahoo users share
articles with their contacts on Facebook,
among other things.

Enlarge Image

CEO Carol Bartz s trying to grab more traffic for Yahoo, like other content providers, is

Yahoo through the company’s recent ties with seeking to leverage Facebook's huge user

Facebook. Bloomberg News

base to draw more traffic back to Yahoo

after readers click on the sharing buttons. The moves also are aimed at ensuring that links
to Yahoo content appear in the search feature on Facebook's site. Yahoo is using similar
approaches with Twitter Inc., the Internet messaging service, and Zynga Game Network
Inc.. which offers online social games.
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