Data Visualization

EXAMPLES (2)

Tea Tusar, Data Science and Scientific Computing, Information retrieval and data visualization



Good visualization design is

1. Trustworthy

2. Accessible

3. Elegant

A. Kirk. Data Visualization, SAGE Publications, 2016.



Accessibility
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_DOFJ .m; _@

Make design choices that
facilitate understanding




Napoleon's Russian campaign
of 1812
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On their way: The journey of
foreign fighters
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On their way: The journey of
foreign fighters

How toread it

yellow line

amount of returnees

black line
amount of foreign fighters

Name of the country leaving their country

size of rhombus
Muslim population  <30K 10M 50M 100M >150M
for each country

horizontal distribution ©
distance from destination in km

vertical distribution
country's overall
population

color value

ratio of foreign fighters
to Muslim population,
darker color means more
foreign fighters over

the country's Muslim
population




Extent of sea ice in the last 40

ARCTIC BASIN SEA ICE

Beaufort + Chukchi + East Siberian + Laptev + Central Arctic
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Causes of death in the US
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Here’s every total solar eclipse
happening in your lifetime

Tokyo
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there will be 56 more total solar eclipses worldwide in your lifetime. Many will be
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Britain is phasing out coal

Daily share of Britain's power generated by burning coal
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Power generation in EU
countries

Power generation by source (2000-2018)
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Leonardo DiCaprio’s girlfriends

LEONARDO DICAPRIO REFUSES TO DATE A WOMAN OVER 25

Leonardo's Girlfriend's Age

Leonardo's Age

Made in
MS Excel!

/ 1
o Gisele Blake Erin Toni Kelly Nina Camila
prio Bundchen Refaeli Lively Heatherton Garrn Rohrbach Agdal Morrone

ODePEOOEG®DH

www.reddit.com/r/dataisbeautiful/comments/azjti7/leonardo dicaprio refuses to dat

e _a_woman_over 25/



Diversity of ageing

Legend
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Diversity of ageing (redesign

Surprising variety in

Ageing

HOW Rising
HUMANS MORTALITY
AGE

Many animals show an
ageing pattern similar to
humans.

The probability to die of ageing
stays fairly constant, but then

Example:
Homo Sapiens
Japanese, 2009 rises rapidly with increasing age.

DEMOGRAPHIC TRAJECTORIES

Relative mortality (solid areas) and
fertility (diagonal hatching) as functions
of age, from maturity to the agewhen
only 5% of the adult population is still
alive; mortality and fertility are scaled
relative to their means

We reach our peak of
fertility in young ages

|<— Age of maturity

KILLER WHALE NEMA-

YELLOW BABOON

5 Years 24

The nematode worm has
an almost perfectly linear
increase in mortality over
the course of its life.

isk ata given age

mean value over lifetime

Age when only 5% of the —|
population are still alive

Constant

MORTALITY HYDRA

GREATTIT

o Centuries 1u

The hydra can live for centuries,
fresh (and as fertile) as on day
one.

o Years 4

For some animals, however,
mortality risk does not change
with age.

Declining

MORTALITY

Some plants and animals are
even less likely to die, the older
they get!

DESERT TORTOISE NETLEAF OAK

Years 77

2 Vears 64 27




A nation divided

6 A &

Agriculture Plastic in German? Day Care

Average farm size in hectares, 2010 Word used regionally Percentage of children under two in day care, 2012 (gray: no data)

Plaste Plastik Tto16 upto25 upto35 upto44 upto53 upto63

upto48 up to 96 upto144 up to192 upto240 upto288

15




Quick, Draw!

Can o revrol network learn to recognize doodling?

Help teach it by adding your drawings to the
, shared publicly to help with
machine learning research.

The Quick Draw
Dataset is a collection
of 50 million drawings
across 345 categories,
contributed by players
of the game Quick,
Draw!

quickdraw.withgoogle.com/data




Averaging drawings

Another cultural link between Japan Traffic light in Japan Traffic light in Taiwan Traffic in the World
and Taiwan, they are the only
countries where traffic lights are

mostly drawn horizontally:

Australians draw boomerangs with the tip
upwards:

Boomerang in Australia Boomerang in the world




How do you draw a circle?




How do you draw a circle?

Distribution of circle direction by country @ Chinese-based writing

Vietnam Japan

O O O
Taiwan

O .Hong Kong

United States
0% clockwise 20% 30% 40% 50% 60% /0% 30%



Emotions in US presidential
inaugural addresses

positive i

+— happy neutral ; s
[end of.applause]
negative

— \ > surprised \

“no challenge can match the
heart and spirit of America™

100%- primary A primary emotion is the dominant
emotion fe:xla! ee:.otlc.m. \%Tr‘; pnmaz' is ‘
strength ) analyzed as ‘neutral,” the next dominant

. | secondary emotion—secondary—is shown.
O A '4 B d disgusted 0%~
ne ngr} lr “From this day forward,
N . it's going to be only
Emotional arcs of the past ten “Americs First™ sad
U.S. presidential inaugural addresses Thetimefor
P C G 0 g ar adc empty talk is over angry A T mpine
“we will make happiness

America safe again” \ /

Barack Obama 2013

7 George W. Bush 2001 -
]
* fear I anger
disgust
contempt

sadness




Shakespeare’s tragedies

Are Shakespeare’s tragedies all structured in the same way?
Are the characters rather isolated, grouped, all connected?
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Electric power generation

UNITED STATES

2004 2014

® 40% Coal

26% Natural gas

21 20% Nuclear

16

7 6% Hydro
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2004 2014
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22 23% Natural gas
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The baby spike
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7.3 babies born /i }
per minute { o) ot
Babies

Eat First +0 Born by Minute
More births of all types
occur right after lunch =
Day Shift
Births peak around 8 AM., v
then rise again between noon

and 1 PM. Hospitals typically
have more doctors and nurses
on hand during the morning

and fewer later in the day. Boom

The morning
peak is driven by
planned C-sections




The baby spike

The Average

447 babies born
per hour

Fewest Births

Sunday night between
2and 3 AM.

Mong
)
500 per hoyr Y

% Midday Special
2 On a typical Tuesday,
770 babies are born

from noon to 1 PM.

Babies
Born by Hour

4 »

P
%?,

day

Early Riser

More babies than average
are born on weekdays
during daylight hours. Fewer

q.
2] are born on weekends or at

night, primarily because fewer

hospital staffers are on duty,

so women tend not to schedule

their delivery then. Despite

ops, folklore, a full moon has no effect.

o
Satur




The baby spike

The Average
77,000 babies born
- per week
JanUJrv
No, Thanks e 90000 per wee
Moms do not schedule S - Y
C-sections around i - '6»,,)
Thanksgiving & » ‘ 60,000 2
_\“u
. e/ / .
Happy Holidays %
Babies seem to ?5,
arrive nine months "
after Christmas and =
New Year's Eve £ Babies
| fe) Born by Week
>0
9
Summer Son
Evidently, more people P @:“ .

have sex during colder
months, leading to more births
nine months later from July
through October, and less sex . ™,
during warmer months. Anf




oes size matter?
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Of all the people in all the
world

"~ ASTON VILLA VS BIRMINGHAM CITY
20/04/2008




Tracking the pace of social
change

Tracking the Pace of Social Change

Number of states that have removed a ban, by year
(Prohibition shows the number of states that enacted)

. Interracial marriage
[ Prohibition
. Women’s suffrage

. Abortion

. Same-sex marriage

. Recreational marijuana 1967 2015
1920 Loving v. Virginia Obergefell v.
=O Federal action taken 18th Amendment Hodges

==p No federal action

1920
19th Amendment 1973
States in U.S. Roe v. Wade

Legal in

rl-} 4 states

I I I I I 1 I I 1 I
1787 1800 1825 1850 1875 1900 1925 1950 1975 2000 2015




Battling infectious diseases in
the 20th century

Measles

Vaccine introduced

Alaska
Ark.
Calif.
Conn.
Del.

Okla.

Tenn.
Utah

1990 2000 2010

Note: CDC data from 2003-2012 comes from its Summary of Notifiable Diseases, which
publishes yearly rather than weekly and counts confirmed cases as opposed to provisional

ones.




Battling infectious diseases in
the 20th century (redesign)

Measles Cases per 100,000 Population
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Battling infectious diseases in
the 20th century (redesign

Weekly Measles Cases per 100,000 Population

= = TR [l {
il " et m r
ConnAL I ? [ ] .l || - |

Hl EEEn l.

-
NJ. I ]
NM. O -
NY.
o
| |
|
|

5 '.:I.." - 5

|
Tenn _ -l
ke | l -.-_- Hn . [ |
.
V. | u . ‘EEEm E»" N

ws.| I | I.- - o

T
1930 1940 1950 1960 Vax 1970 1980 1990 2000

Color is Weekly Incidence; size represents number of weeks of data

0 13 25 50 75




Asylum decisions in Europe

: Origin

Syria
51,515

Serbia
21,855

15,855

Eritrea
15,355

Pakistan
12,725

I Afghanistan

Albania
12,040

Kosovo
9,600

: Destination

Germany
58,805

Sweden
26,220

France
17,185

Switzerland
10,770

Britain 10,450

Italy 9,520

Belgium 5,995

Total
: decisions*

ACCEPTED
80,895

REJECTED
58,050

Decisions :
by origin :

Syria
49,170/ 2,345
-

Serbia
475 / 21,380

Afghanistan
11,535/ 4,320

Eritrea
13,740 / 1,615

Pakistan
4,025/ 8,700

Albania
1,035/ 11,005

Kosovo @
915/ 8,685

Alluvial
diagram




Government Budget in Alberta

Alberta Government Financial Flows, 2015-16

All values are in millions of dollars — From 3 Quarter Update

o

Inflows Outflows

Personal Income: 11,285

Health: 18,444
Taxes: 21,595

Corporate Income: 4,97

] Property: 2,253
—
I Other Taxes: 3,085 Revenue: 43,128 Education: 7,302
Operations: 43,244
Resource Royalties: 2,474
Spending: 49,443
Investment Income: 2,768 Adv Education: 5,201
Federal Transfers: 7,256 Human Services: 4,283 I

Treasury Board: 1,460 Wl
Justice: 1,351 Hl

Other Revenue: 9,035
Other Ministries: 5,203

Borrowing: 6,315 Other Spending: 6,199




Tax money spending in the US

Where does
tax money go?

HOW a U'S' fam}ly’s ta'X Ongoing Research, Military Atomic Defense-
ars i energy  related FBI

do“ are belng Spent equipment, weapons, salaries, defense activities,
i supplies construction benefits  activities other

By Katie Nieland | Tbune Newspapers $405.62  $339.94  $23178 2704  SILSO

Medicaid, Children's  Medicare doctor Health Disease COBRA tax
Health Insurance and prescription research, control, credit,
Program drug pay food safety public health other
$413.34 $397.89 $57.95 $38.63 $34.77

.
Military, civilian ~ Unemployment  Housing Foodand  Earned income, d Ia g ra l I I

employee insurance assistance, nutrition Making Work Pay,
retirement $169.97 other assistance  child tax credits
and disability $158.39 $139.07 $135.21
Sr

Supplemental

security insurance
$69.53
School funding, Income and NATURAL
financial aid, housing support, RESOURCES
Job training, health care, 2.1% Of
employment education and INCOME TAX
services training $81.
Water and land

management

International affairs, NASA, immigration,
agriculture, natural disaster relief




How hot it will get for
‘ootballers in Qatar?

How Hot Will It Get For Footballers In Qatar?
Average and record high temperatures in Doha, Qatar (1962-2013)

@ Record high @ Average high

°C m 2022 World Cup In Qatar | °F
50 21 Nov-18 Dec 12

45
40
35
30
25

20 :
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

SJOJO,

@statistaCharts Source: Qatar Meteorological Department StatISta 5



Lionel Messi’s efficiency

® Forward @ Midfielder  Defender

A Goals and assists
per 90 minutes

Cristiano Ronaldo @
(Real Madrid)

1.5
Neymar @
(PSG)

Lionel Messi @

1.0 Robert Lewandowski h e o
(Bayern Munich) . 4
[ ]
L ]
®
L ]
° o a o®
[ ]
05 ~ Eric Bailly (Man. Utd.) . ® ° >
is the only player who ° %
ran less than Messi on
ol )
average. i &
° oo .
0 o] ® T ) »

90 100 110

Philippe Coutinho e
(Liverpool FC)

James Milner @

L ]
a (Liverpool FC)
L4 . ® Thomas Miiller
. (Bayern Munich)
L ] L @
® L ]
e ® e o
o P

c L ° L] Y L ]

L ]

s > o« o -
[ ] - e o ° L L)

> ik e Ran the most of
o e” o0 @ °° .o all 219 players
n B J J R " with no points:

o ® o .... . ® o o B Cost

o .0 g, , . ° runo Costa
- . (Porto)
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Best in show

oMo o oW ow o2

H

Hound Non-sporting Sporting Terrier Toy —Working

Hot Dogs!

Miniature Schnauzer
Siberian Husky

INTELLIGENCE SIZE
Best in Show: The Ultimate Data Dog
Inexplicably Overrated popularity Beagle
S S JT
Great Dane \ erma DOP?:Q?%T tYorkshire Terrierh
Bulldog d@ﬁ?d%hg £ er Csh;gLeIZI Pomeranian,

Bernese
Mountain Dog

Bullmastiff
Mastiff

o

Saint Bernard

Bull Terrier
Bloodhound Ll

Alaskan 4
Malamute Pekingese

Scottish
Terrier’

Newfoundland

of

Stafford|
Bull Te

Boston
‘Temer

Basset Hound N
C

Italian Greyhound
Dalmatian

hire
rrier

Australian
Shepherd

hesapeake

O?f}rama Shetland
b hglis Cocker
Springer Spaniel
Spaniel

W. Highland White Terrier
Brittany

Bichon Frise Papillon

Bay Retriever

Samoyed

Irish Setter

thppet e Cairn Terrier

Apso English Cocker
Spaniel

—our data score

Q@ O

intelligence costs

4

longevity grooming

& -a

ailments appetite

Chow Chow
Old E
Irish Wolfhound

.

Afghan Hound

Borzoi

Giant Schnauzer

Kerry Blue Terrier

The Rightly Ignored

Greyhound

Engl\sh Setter
Flat-Coate

Retriever

Saluki

English
Spaniel
Clumber Spamel

Dandie Dinmont Terrier

Norfolk Terrier

o

Gordon Setter

Briarc

Brussels Griffon

v

Tibetan Terrier

Border Terrier

Tibetan Spaniel

AustralianTerrier

Welsh Springer Spaniel

Bedlington Terrier

Pharaoh Hound

Affenpinscher

Overlooked Treasures

DO.VId McCandless / informationisbeautiful.net

source American Kennel Club




Active volcanos

Volcanoes with eruptions since 1883 by elevation and type

VOLCANO TYPE ERUPTIONS SINCE 1883
A Stratovolcano M Shield *
MA Caldera M Other 1 20 40+
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Peak time of day for sports

and leisure

Playing billiards

Dancing

Softball

Bowling

Playing volleyball

Participating in martial arts
Playing racquet sports

Biking

Weightlifting/strength training
Doing yoga

Playing soccer

Playing football

Playing basketball

Playing baseball

Hunting

Vehicle touring/racing
Rollerblading

Participating in water sports
Fishing

Boating

Skiing, ice skating, snowboarding
Hiking

Golfing

Doing aerobics

Walking

Running

Working out, unspecified
Using cardiovascular equipment

evening
peak

S
A
. —
A\A

A

03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 03:00

@hnrkindbrg | Source: American Time Use Survey




Peak time of day for sports
and leisure

@hnrkindbrg | Source: American Time Use Survey

Playing billiards
Dancing

Working out, unspecified
Using cardiovascular equipment

Bowling Running
Softball Walking
Playing volleyball Doing aerobics

Participating in martial arts Golfing

Playing racquet sports
Playing soccer

Biking

Weightlifting/strength training
Playing basketball

Vehicle touring/racing
Hunting

Playing baseball
Doing yoga

00:00

Each activity is a line,

hitting the circle at the ~18:00 06:00
k ti f larity.

peak time of popularity. 15700

The length of the line to the left
of this point is the proportion of
time spent before noon, while the
ine to the right is proportion
spent from noon until midnight.

Peak time

Rollerblading

Fishing

Participating in water sports
Hiking

: Afternoon
Morning

The angle of the line is the linear
regression slope of each activity's
popularity (population minutes spent -4.7% / year
per day) between 2003 - 2015

+9.5% / year




Average pizza size

LEPROVINCE INDICEGENERALE o

Avg pizza size
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Are the richest Americans also
the best educated?

READING, riie
g - =l e A
AND EARNING MONEY ‘ B e'e b oo

BREATHITT COUNTY, KY
60% 9% 19 =

a ALACHUA COUNTY, FL
®---@

Acollaboration between GOOD and Gregory Hubacek
SOURCE: US Census




Soda/coke/pop map

Generic term for a sweetened carbonated beverage

r 4




Profiles of British voters

Build a British voter

A woman ~ aged between 45ands59 ~ years old who is
straight . She has a household income of

£35k to £50k , a post-graduate degree and lives
in the Midlands ~ in her mortgaged home.

She is moderately = engaged in politics, supported
Labour in 2015 and Labour againin

2017.

Likelihood of voting
85% 9% 6%

Remain May’s deal No deal

REMAIN 85%

Ao

So

25




Are the worst schools really in
the poorest areas?

LEFT: Child poverty « RIGHT: Schools that 'require improvement' or are 'inadequate’ according to Ofsted




Income from unemployment
benefits

1100000

2016 % FUENTE DE INGRESO
PRESTACION DE DESEMPLEO

4800000

4700000

4600000

500000

4400000

4300000

4200000

4100000

4000000




Android’s deadly
fragmentatlon

Tree
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The biomass distribution on
Earth

I Life as we know it
Estimated global biomass of selected taxonomic groups, gigatonnes
Viruses* 0.2

idl

Wild birds 0.002

Wild mammals 0.007
L

Terrestrial
arthropods*
0.21

*Micro-organisms fWorms
Source: “The biomass distribution on Earth” by Bar-On, Phillips & Milo, PNAS, 2018 HInvertebrates with hard exoskeleton

Economist.com




Severity of Aortic Regurgitation

Figure 2. Serial Echocardiographic Assessments of the
Severity of Regurgitation in the Pulmonary Autograft in 31
Patients.

The numerical grades were assigned according to the severity
of regurgitation, as follows: 0, none; 0.5, trivial; 1.0 to 1.5,
mild; 2.0, moderate; and 3.0, severe.

Months after Operation



/Zero information plot
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J. K. Wittke-Thompson, A. Pluzhnikov and N. J. Cox. Rational inferences about departures from 50

Hardy-Weinberg equilibrium. American Journal of Human Genetics, 76:967-986, 2005.



/Zero information plot
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To achieve accessibility

General guidelines
o Keep in mind
o The audience

o The presentation format
o The specifics of the data
o The message
o Strive for clarity, minimize clutter
o Take into account human visual processing abilities
o Careful choice of colors
o Use annotation
o Use uncommon charts only if they are “worth it”



To achieve accessibility

Design process guidelines
o Try different visualizations

o Show your visualizations to a friend—are they able to get to the
message?




