CSE 512 - Data Visualization

Narrative Visualization

Jeffrey Heer

(with material from Edward Segel & Jessica Hullman)




STORYTELLING

as ancient as mankind




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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Topics

Narrative visualization design

Navigation in interactive documents

Chart sequence models

Automatic augmentation for communication

Collaborative visualization



Storytelling
... with data?
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Percentage of Chart Which Resembles Pac-man

Ll Resembles Pac-
man

B Does not resemble
Pac-man

http://www.boingboing.net/2006/11/02/hilarious-piechartvi.html
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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?

[1[2]s]4 |H 6| nexy]

Latest forecast

Today, with a better

understanding of the
severity of the economic
downturn, the deficit
situation is much more
dire.

Center stage

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

interactive

guided

Use the slider to isolate a sing

Year's forecast.

2002

2006

2010

... but the 2008
forecast for 2012 did.

$0.0
trillion


http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html
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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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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
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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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Parttioned Poster

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

Interactive Documents:
Steppers, Scrollers, ...
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asts, Compared With Reality

st two years ago, surpl®

HEEE ;- BED

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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F R 96 NY Times
Ramadi: The Government Provides an 5 £hy ;
Opening for ISIS ;2 | Sy e 2014

Tensions between this city’s residents, who are mostly
Sunni, and the central government had been brewing
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.

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.

pr——g


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.
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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
Idyll: Markup for Interactive Documents
Scrolly Helper Libraries


https://bost.ocks.org/mike/scroll/
http://vallandingham.me/think_you_can_scroll.html
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@ Secure https://idyll-lang.org

A markup language for interactive

INPUT

Y idyll

documents.

# Hello World

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

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

[Range value:x min:® max:10 /]

OUTPUT

Hello World

The value of x is 5.

C—
/

—

Try Idyll in your browser

\T "—[1_;2 <eep calling me although they have

; name. | told them in so many word

v
'F N ) till call.
J»—\
\f\‘ f(}l J\k\ es Performance Management LLC
8 pe)

Quick Start | Docs | GitHub | Chat | MailingList | SupportUs

Idyll extends the ubiquitous Markdown format to enable the creation of
dynamic, interactive narratives for the web. The language and

toolchain aim to empower journalists, researchers, and technical
experts to create compelling content using familiar tools and processes.

Idyll can be used to create explorable explanations, to power blog
engines and content management systems, and to generate dynamic
technical reports. The tool can generate standalone webpages or be
embedded inside of your existing site.

EUTOPIA
oA ARl RHIZOME

Idyll is supported by the Interactive Data Lab at the University of
Washington, and by Rhizome and the Eutopia Foundation. Show your
support by buying a sticker.



https://idyll-lang.org/

View Source Code

Kernel Density Estimation (url)

X

Kernel
Density
Estimation

+— More Articles


https://idyll-lang.org/gallery/kernel-density-estimation

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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Path Elaboration

Heer, Jeffrey and George G. Robertson.

“Animated Transitions in Statistical Data Graphics.” IEEE Trans. Vis. Comput. Graph. 13 (2007): 1240-1247.
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Path Elaboration

Heer, Jeffrey and George G. Robertson.

“Animated Transitions in Statistical Data Graphics.” IEEE Trans. Vis. Comput. Graph. 13 (2007): 1240-1247.

| 4



a

Average Temperature

18
16+
14+
12+
10

6
4
2
0

Sequence Recommendation

o
00
o
o 00
( o
Oao (=}
OOM®m
O o
( 00

00
oo (=}

Number of Sunny Days

Region
O Denver
Seattie

18 5
16
14
12
10
8-
6 -
44
24
0

Average Temperature

- mh wA = =
o N R O e O N s O @
] 1 1 1 1 1 1 1 1 J

Region
® Denver
® Seattie

Denver Seattle
Region

Region
O Denver
O Seattie

o -

equence
Cost

5 O Durrw:
- seane
1 o
‘sjl A o
18
Region
18 ® Domver
°
@ 14  saatte
g .
Sz
H —
5 10
@ m o owm ®
E 8 ity
A
£
o 15 2 2
2 Dato
o —————
o
Donver Saattle
Region
= o
5 L Regicn
6 T © Dvrrwe
o seane
18 °
Region .
16 ® Denver
© seatto
b
i fegi
egion
i O Denver s
o™ O seatte
ERS o
H
g0
HE woom
% e iy
-
<, or Soatt
Region
o g
2
o 10 15 20 25
Date
2ate,
Region
4 O Denver
O seatto
Region
® Domver
“ © saato
520 25 30
Date
1 o Seatte
: Region
84
T
c @ o= ow om o
Murity
o o o




Learning Edge Weights

Given a reference
chart, what should

50+

come next? -
Triplet judgments

express inequalities

0

among edits.

We encode these in

a linear program. The
solution gives us cost
estimates for each
edit operation type.
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Sequence Cost Model

Chart Sequence ) Cost

l
Cost(S)



Modify Filter Modify Filter Modify Filter Remove Filter Modify Filter
Year : 1976 — 1980  Region : USA— Europe Year : 1980 — 1976 Region: Europe Year : 1976 — 1980

Sorted by

USA Cars European » European
Sum of Transition Costs

Cars in 1976 Cars in 1980

in 1980 Cars in 1980 Cars in 1976




Sequence Cost Model

Chart Sequence  Transition (Edit Distance) Cost

l s
Cost(S) = Z T(Si-1,S:)
i—1



Sequence Cost Model

Chart Sequence  Transition (Edit Distance) Cost

N 5 |
Cost(S) (ZT i—1,S (S))
T T

Consistency Weight Filter Cost
(Promote Parallelism)



Modify Filter Modify Filter Modify Filter Remove Filter Modify Filter
Year : 1976 — 1980  Region : USA— Europe Year : 1980 — 1976 Region: Europe Year : 1976 — 1980

Sorted by

USA Cars European » European
Sum of Transition Costs

Cars in 1976 Cars in 1980

in 1980 Cars in 1980 Cars in 1976




Modify Filter Modify Filter Modify Filter Remove Filter Modify Filter
Year : 1976 — 1980  Region : USA— Europe Year : 1980 — 1976 Region: Europe Year : 1976 — 1980

Sorted by USA Cars

» USA Cars European » European
Sum of Transition Costs in 1976

Cars in 1976 Cars in 1980

in 1980 Cars in 1980 Cars in 1976




Modify Filter
Year : 1976 — 1980

Modify Filter
Region : USA— Europe

Sortedby USA Cars » USA Cars European
Sum of Transition Costs in 1976 in 1980 Cars in 1980
Pattern
Edit operations 'Add Filter Modify Filter |

from a null chart Region : Europe  Region : Europe — USA

Sorted by
Final Sequence Cost
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Modify Filter Modify Filter Modify Filter Remove Filter Modify Filter
Year : 1976 — 1980  Region : USA— Europe Year : 1980 — 1976 Region: Europe Year : 1976 — 1980

Sorted by USA Cars USA Cars European European . :
Sum of Transition Costs in1976 [ 0 19z0 R Corsin 1950 [ Corsin 1976 [l €917 1970 gl Corsin 1950

Edit operations
from a null chart

r—-=-===== 1

Sorted by ! Empty ! .

Final Sequence Cost ' Chart | L@ Carsin 1976
1 1

Begin with the empty (null) chart
Account for interpretation of first chart



Modify Filter Modify Filter Modify Filter Remove Filter Modify Filter

Year : 1976 — 1980  Region : USA— Europe Year : 1980 — 1976 Region: Europe Year : 1976 — 1980
Sorted by USA Cars USA Cars Euro E
. : 2 pean uropean . .
Sum of Transition Costs in 1976 » in 1980 Cars in 1930 RO Cars in 1976 Comim 112715 CeTEi 2L

r—-=-===== 1
Sorted by . Empty | . European USA Cars ) European USA Cars
Final Sequence Cost ' Chart | | G 2 Cars in 1976 DR Cos in 1980 Cars in 1980 in 1980
| 1
Filter walk direction score Year +1

+1

Region

1976 <1980

Prioritize sorted filter criteria
Penalize unsorted orders



Modify Filter Modify Filter Modify Filter Remove Filter Modify Filter

Year : 1976 — 1980  Region : USA— Europe Year : 1980 — 1976 Region: Europe Year : 1976 — 1980
Sorted by USA Cars USA Cars Euro E
o pean uropean . .
Sum of Transition Costs in 1976 » in 1980 ol (s in 1950 R Corsin 1976 (RGN C2S 101970 NRgM Cars in 1980
Pattern Pattern
| Add Filter ~ Modify Filter | | Add Filter ~ Modify Filter |
Region : Europe  Region : Europe — USA Region : Europe  Region : Europe — USA

Sorted by
Final Sequence Cost

Find maximal repeating transition patterns
Determine fraction of transitions they cover
Weight overall score by this term



Sequence Cost Model

Chart Sequence  Transition (Edit Distance) Cost

N 5 |
Cost(S) (ZT i—1,S (S))
T T

Consistency Weight Filter Cost
(Promote Parallelism)
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Sequence Ratings

Evaluation with 55 subjects, 3 1 GrapScape P
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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
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. . 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
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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.
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Microsoft, with its Windows and Office software 100
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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
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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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Relevancy Feature
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Yahoo Decides to Friend Facebook
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Visual Saliency

TECHNOLOGY
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Public Visualization
as Survey Instrument



Visualizations : Harry Potter is Freaking Popular

Creator: Alison
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Showing the 1000 most recent of 2291 total comments.

Colors show if people think that: | income inequality has contributed to the country's problems. ¢) Disagree |G »o---

Do you agree or disagree with the main goals of the Occupy Wall Street movement?
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http://www.nytimes.com/interactive/2011/11/09/us/ows-grid.html

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
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