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Beyond exploratory analysis:
visualization for communication
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Design Criteria

Expressiveness
A set of facts is expressible in a visualization if it
expresses all the facts and only the facts in the data.

Effectiveness
A visualization is more effective than another one if the
information conveyed is more readily perceived.
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Inside the Trump coalition: How he performs
among voter groups
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Most important issue

Adult obesity rates, 1990 to 2014

40%

35%

30%

25%

15%

10%

Oklahoma, 2014

Adult Obesity Rate  State Rank



@___@]

‘mvdé;o:‘;‘.?ﬂ]

alnthS:m \ 3 0oors what was 1 onols gided aout”?

Pear0af ©  [aerE] @
?MMI tllfpo(‘:'jm’ :pestonrd —— r‘;an ovf’ T SVIE
/ 2Yto —p— Lo
’I JEaBook s :‘ nizafion
v S 'wes“ih"*""; o fowt@fl. e
Lenath = mia i B “"‘mf ® l srwona
M,o?/ Mzt SP‘?:‘[F" *» ask fo »jmh A am 1 v{:f:bb 7
ekl imbinel FLIR
5 M’m \./:Qu to lat/o‘nhk-_-‘_—::.‘—

fdm"

———— .w'mww falar

66 Dea Tafa
wEeTt% LAwggetars

HOWTo READ IT:

wal T was in Jol e[ .- ?
S 11;'0-61415 g-u of the 42 —.
@ ,&\M f-h_S T had ﬂad- 4 "v.x"
frdy and motice
al(T V‘;z T3 5’ N s L / ‘;&.‘Q‘/{q‘%#
Aemnd fronk others. Q;;:Q’k

O %y
eam e D @ A
ifa X al =
e langtus T lagieas T
I vopad
frenk %‘tﬁ',’?"' ; P%ml éf& en %MI ek

.

!

JEND To-
STEEANIE Powcc’

_LONDON _ [haddyitnsy
= Uk.’

_“ENGLAND

a fitih '“““",3,‘;2 ;mfé oA e g:“m“dmm_@[nll St

SE’T\D To*

Dear Data

'.'”I',__upi & S. Posavec

+ IT MADE

. N WENGHIN G-
UP OF M\l ornmu BECIBING DOESN'T
COVNT AsS lNDECOSION)

How 7o reAn 1T @ DECISIONS ARE ORGANISED

IN CHRONOLO(ICAL ORDER BY |
457 MOMENT OF INDECISION, |

BY ONE VERTICAL Lwe.:;:Au_

T0 THE DECISION ARE INDICATED)
@ becision-makiye BY NUMBER oF Ling SEGMENTS |

PROCESS STARTS AT BeTTem TIPES OF DECKoNS: — g
TS

MD MOVES UPWARD )
Pyl A3 —prewds 0

CALGHDA
l& LiNe T T3 oF PAGE IF _sociAL & St aere

[
RS | s ot K. b
4—LINE ENDS mo il [t -souAg MNA (n s

NG INSTAN(;  ABY

—uu buusvom
- L uu‘,‘m

onarT ~BEAVTY /APPEARANKE
(QwxF lerru; W EXEROSE
ALY PRy / ey Food [ DEINK

S ED
4-—!"-:-«.»«,~ e ,_:‘ PART - nm

OF INDECH o -Q'E_Eluuh sm“‘“’““ﬁ

@ EACH DeciSIOV 1S R_Er‘ﬂaumgb

INSTANCES OF INDECISION RELATED

REAST ’)

From:
C.PeSAVEC

LONDAN o

L

™ GIORGIA LUF]

T e -

BROOKLYN, NY iy
USA

BY AIR_MAIL

par avion

Royal Mai*®

R | R S L

TSN
m“"’ ‘%Nk ure

H; ’
E 5§

< \‘ 7"

DEAR DATA - Week 43

“,\ A CARD Agouvr

A WEEK OF LAUGHTER
ABout THE BATA: I TRIED TO CAPTURE My eof o,
TLAUGHS wiich WAS REALWN HARD + Gor A
\N THE WAN OF ENTONING LIFE, HENCE THE

DATA yeids Y
How TO READ IT: Aot Ao
=N <m.ono OROE R

EACH REPRESENTS
STARK: A LAVGH  OR
s MOMENT b
LAVGHIER,

\ALL LAVGHS ARE
4+ END DRAWN IN CHRINO-
LOGICAL oRDER FROM
INDICATE END LR AS ' F voup
REGINNINGOF READ A Rook

MARKERS
oFf ONE DAY*

oTRER. \F MARKER IS
HAD A

AN D THE FolLewiNG.
1~ DATA VoIb DVE T0 ° v B-DAY DINVER

INSPEN~ 1T MEANS I

DRINKING W Fglemx MY DAV

\z€ OF LAVGH. C mg mvmmu I w"“b!ﬁ!‘llh.

006 P Szt nain

2 N woo GENES !»
RGE 4 ‘ HssAND

k(om numn ! =
Rees R ot ¢
M, A °°r . FRIEND "’:":"‘fq-uut |

= #= neang DEAR PATA
4 ' . q.. . SNDI‘:F—-v AU TAND
AL
uuwme&momb How QoRevt SF !
WATR AT PgopLe

P o e e S S T

LAvOHTEES £ AM | CAR L m
SAD Afogr Hew THI JEL

FrRom:

GIoRGIA Lup)

WWM
BReokLYN, NYW
USA

(139 L (we
- FR) "5 ooz s €38 m'“)
3l uwut\ RoHAviovh 2

RO TO
Mess wi
WY DATAL)

A
-:;?J .ai«-" _ e oy e o e T e T L L
\n.lﬁu -\ @ -S"‘_A.:E:Lzﬂ'-‘un\)\ )‘ L ittt

Newly discovered
Athougs deeadly releaued in 1972,
Stovesan from Cuvid Bowie b the
Hghest new sorg in 5 Det, It never
speated n e previous 17 oditons
of the Top 2000 and erriered In 2014
on pesiton 220,

N\
\

\

Bobemian Pnprndy
1 Quen 1975

Stairway to Ho ven
3 Lef Zpyen 1971

Prince

Anather lsgend w0 pased ey n
20068 bon Apri 21001 M soorm that
e pea phe dwcoverad his works,
with ol 9songs hl were in 2015
Pt ridrg signiDcantly 3nd 0l mare
sargs g in 2014,

6 Avond
Euadeens e Limxd 19/

Hotel Califormsa
logle 1977

N-rml
va:law 0w

—— Wish you were here
9 Plek Flopd 1573

\
The Beatles 4|0una Man
oy o 2974
Na ather artist or bond how mare songs
it the Taz 2000 as the Boaties, VWien — B A4 ln Piena

2016

&

Now You See Me 2 The Legend of Independence Day: Central Intelligence
Tarzan Resurgence
Terminator Genisys Straight Outta Ant-Man Mission: Impossible
Compton - Rogue Nation
Teenage Mutant 22 Jump Street Dawn of the Planet Transformers: Age
Ninja Turtles of the Apes of Extinction
Qg W4
‘World War Z Monsters University Gravity Man of Steel
W4 V-4
Ice Age: Continental Ted Brave The Amazing
Drift Spider-Man

David Bowie
Paszing asndy 0nly Soys Mer the

Pokémon
Alresdy nihelBtin2015
soc b media Carpagn. rot

Mag Ik dan bijjou
8 Ceatadeive) 2011

domy Uhe rrpuct el Pobdy
movwy pecple s dady Ives In
Gotto cateh ‘em ok by Necr)
M spct ta posiion 337

relaze of his new af bum Bkeckrtar on

Jorwary 106 2016, Hislegend

rerrain strasg wth 24 sangs in the

Top 2000 Hs most popul song

Heroes furegn fram 34 40 postion 7.

Qg
Finding Dory

Qg

Minions

Guardians of the
Galaxy

g
Despicable Me 2

g
The Dark Knight
Rises

Italy
313.83
T. Cagnotto & F. Dallapé

An epicbattle ensues
between Goku and

Vegeta lasting several

episodes

e .

e e * 8

Namek Saga

~+ +h
iIrt o1 the

episodes 36 - 67

Data Sketches
N. Bremer & S. Wu




(Ve YATAAY Y A

.:«.E» VAV s..:.ﬁ
WA | R
: —1;15-—4 bqpup AL

/ I Y
J n.-_;.ﬂ

«\...
) ﬁ

.

ouocﬂ 14 Reviews

Postino Cafe & Lounge

t

L
.

BN

E m"w" C.j...a

ironmen

>
C
LL
>
i
<




Data «— Insights «— Messages

Exploratory Beyond Exploratory
» Data Centered * Human Centered
* Domain Experts * General Audience
* Analysis » Communication

* Desktop » Off-Desktop

* In-Lab * In-the-Wild



Toplics

Visualization for communication
Telling compelling stories with data
Story Points and Dashboards in Tableau



Visualization for Communication



Visualization for Exploration

Faster and accurate reading
Rapidly generate many visualizations
No titles, annotations, embellishments



Visualization for Communication

Good headlines

Annotations and highlights

Redundant encodings

Pictograms and useful embellishments
Explanations (e.g., legend, source)
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GENDER EQUALITY IN LABOR FORCE PARTICIPATION

RATIO OF FEMALE TO MALE
LABOR FORCE PARTICIPATION (%)
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GENDER EQUALITY IN LABOR FORCE PARTICIPATION

CHINA LEADS IN FEMALE LABOR FORCE PARTICIPATION WHEREAS INDIA LAGS
SIGNIFICANTLY BEHIND AMONG OTHER ASIAN-PACIFIC COUNTRIES IN 2013.
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GENDER EQUALITY IN LABOR FORCE PARTICIPATION
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LIFE EXPECTANCY VS ECONOMIC GROWTH
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Source: World Bank national accounts data, and
OECD National Accounts data files (2013).
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LIFE EXPECTANCY VS ECONOMIC GROWTH
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LIFE EXPECTANCY VS ECONOMIC GROWTH

RELATION BETWEEN LIFE EXPECTANCY AND GROSS NATIONAL INCOME OF
ASIAN-PACIFIC COUNTRIES IN 2013
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LIFE EXPECTANCY VS ECONOMIC GROWTH
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™ with greater income
- 25

0
$0 $13,750 $27,500 $41,250 $55,000

Gross National Income per capita (US$S)

Source: World Bank national accounts data, and
OECD National Accounts data files (2013).
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VERY FEW WOMEN ARE STUDYING COMPUTER SCIENCE

% of bachelor degrees awarded for women
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Source: National Student Clearinghouse Research Center (2014).
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VERY FEW WOMEN ARE STUDYING COMPUTER SCIENCE

% of bachelor degrees awarded for women
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PERCENTAGE OF UNINSURED AMERICANS

% of uninsured people in the U.S.
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Source: CDC/NCHS, National Health Interview Survey, 2010-2015
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% of uninsured people in the U.S.
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AMERICA’S UNINSURED RATE DIPS BELOW 10%
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Source: CDC/NCHS, National Health Interview Survey, 2010-2015
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Telling Stories with Data



Vicualizationg can be effective in showing data,

Bach et al. CG&A’17




but a gingle picture alone may not be e
able to explain nor to engage an How do we engage an

audience in decoding a mesgage. | audience? y,

- — /How do we break '

down complexity?
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Bach et al. CG&A’17
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Use of elements from storytelling
to convey compelling data stories

4 ™ .\'
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https://www.youtube.com/watch?feature=player_detailpage&v=hVimVzgtD6w#t=159s

Data Storytelling Process:
transforming data into visual stories.

Explore data Make a story Tell a story

‘ Gather facts \

Data Analyst Scripter Editor Presenter & Audience

/‘,\ /—\\Prcvide iInput

Exzerpts — Ston‘ Pleces — Storq Maferal ﬁ Sha_red Sfon‘ +

Make logical Build Share
connection presentation story

cxplore & Analyze Order story pieces

Respond to input

4 4 4

External Factors

.{ Se'ttings ‘ —

) { T

Target Audience ﬂ Medium ‘

[B. Lee et al 2015]



https://www.microsoft.com/en-us/research/publication/telling-story-closer-look-process-transforming-data-visually-shared-stories/

Data Storytelling Process:
transforming data into visual stories.

Explore data

[terative exploration:
Traditional visualization process



https://www.microsoft.com/en-us/research/publication/telling-story-closer-look-process-transforming-data-visually-shared-stories/

Data Storytelling Process:
transforming data into visual stories.

Make a story



https://www.microsoft.com/en-us/research/publication/telling-story-closer-look-process-transforming-data-visually-shared-stories/

Data Storytelling Process:
transforming data into visual stories.

Tell a story

| Per
Share
story \L_/

Respond to input

[B. Lee et al 2015


https://www.microsoft.com/en-us/research/publication/telling-story-closer-look-process-transforming-data-visually-shared-stories/

Genres of Data Stories
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Narration Styles

Author-Driven Reader-Driven
+ Strict ordering of scenes + NoO prescribed ordering
+ Heavy messaging * NO messaging

* No Interactivity * Free Iinteractivity



Narration Styles

Author-Driven + Reader-Driven

- Linear ordering of scenes  + No prescribed ordering
+ Heavy messaging * NO messaging
* No Interactivity * Free Iinteractivity



Author-Driven
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https://www.youtube.com/watch?feature=player_detailpage&v=hVimVzgtD6w#t=159s

Reader-Driven



DATA

Which dataset do
you want to use?

&

Ratio of training to
test data: 50%

Noise: 0O

Batch size: 10

—

REGENERATE

Epoch

000,000

FEATURES

Which properties do
you want to feed in?

< [T
i

X,

&

Learning rate

0.03

.

+ -

4 neurons

[NRER RN

TS

- -

s is the output
£ ro
rom onNe neuron.
Hover 1o see it

larqer.

Activation Regularization
Tanh v None
— 2 HIDDEN LAYERS

The outputs are
mixed with varying
weights, shown
by the thickness

£ +h ———
Oof the lines.

+ -

2 neurons

L
-

Reqularization rate

0 -

OUTPUT

Test loss 0.513

Training loss 0.50

Colors shows
data, neuron and
weight values.

Show test data

Problem type

Classification v

Discretize output

3
|
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http://playground.tensorflow.org/

Author-Driven + Reader-Driven
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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 2H4 5| 6| NEXT)

Past forecasts

Even that may be an

SO0

understatement. In the
last 30 vears, about 80
percent of four-year
deficit forecasts have
been too optimistic.

The early Chinton 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

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

W TWITTER

m LINKEDIN

trillion

SHARE



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

US.GUNDEATHSIN 2013 2010 OCTOBER

8,902 = 379,491

PEOPLE KILLED STOLEN YEARS

£7 0\ aceo ' S 1 108


http://guns.periscopic.com
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http://www.fallen.io/

Visual Narrative Design



Employ Narrative Structure

l

But gtorytelling ie an old art
and learning from the magterg

Climax

Riging Falling

Introduction  Denouement

- M —

. can help to create truly

—— — o —— g

dramatic walkthroughs.

Bach et al 2017
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Use Multiple Charts

o break down the complexity of the story and progressively

reveal different facets of the gata.

Detail-to-Detail

Level-of-Detail

S mpires
;_ &
¥ ‘. . .

|

Data-to-Data

Visualization-to-Context

=

Bach et al 2017




C1.1 Same Field,

Same XY Scale
A 1007 A 100-
50 - 50 -

0 - 0 -

C1.2 Same Field, Same
Values in Same Order

N blueberry7 N blueberry-
banana - banana -
apple - apple -

C2.1 Different Fields,
Different XY Domains

A 1007 B 9-
50 - 6 -
0 - 3 -

C2.2 Different Fields,
Different Nominal Values

N blueberry7 M cloudy-

banana - rainy -

apple - sunny-

C1.3 Same Field, Same
Quantitative Color Scale

C.,. _
D @S /'

60 -
50 -

- 40
-30
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30 -

C1.4 Same Field, Same
Value-Color Mapping

N )
blueberry . - blueberry
banana banana
apple . . - apple

C2.3 Different Fields,
Non-Overlapping Hues

Ala‘l \‘wl

B

C2.4 Different Fields,
Non-overlapping Palettes

N M

blueberry . cloudy
banana rainy
apple . . . sunny

C2.5 Non-overlapping
Nominal and
Constant Colors

N
.blueberry
banana
I T

Keeping

MVultiple Views
Consistent

Qu et al 2018



Storytelling, Double-edged Sword?



Iraqg’s bloody toll
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Iraqg’s bloody toll Iraq: Deaths on the decline
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Same Data,
Different Stories



Presentation & Storytelling
in Tableau



Dashboard



Annotation



Story Points



Sankey Diagram Alluvial Diagram Donut Chart Matrix Diagram Radial Bar Chart
o

Radial Histogram Sorted Stream Graph Matrix Diagram (Roof Shaped) Fishbone Diagram Pictorial fraction chart

Wi, K o

7N

Isoline Map Flow Map Arc Diagram Exploded View Drawing Pictorial Stacked Chart

N ext —

Advanced visualizations




5 min break



