Better data visualization
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https://autodeskresearch.com/publications/samestats

X Mean: 54.26
Y Mean: 47.83
X SD : 16.76
Y SD : 26.93
Corr. : -0.06
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Why visual data communication?

INFORMATION
DENSITY

better at summarizing
large amounts of
information




All the slides and all the links:

baryon.be/dataviz-resources



https://baryon.be/dataviz-resources

Introductions

2004 - 09
Engineering physics (UGent)

2009 - 13
PhD in physics (UGent)

2013 -18

Post-doctoral researcher
Grants & incentives consultant
Founded Baryon

2019 - now
Expanding Baryon as an
information design agency

koen@baryon.be



Principles

How charts work

Creating charts

Improving charts

What is a good data visual?

Telling a story

Visual variables
Chart types
Beyond charts

Tools

Signal-to-noise ratio
Design components

Visualizing uncertainty



Principles



Why visual data communication?

ATTRACTIVE

better at catching
the reader’s

attention

INFORMATION
DENSITY
better at summarizing

large amounts of
information
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Why visual data communication?

ATTRACTIVE

better at catching
the reader’s

attention

INFORMATION
DENSITY
better at summarizing

large amounts of
information

EASIER TO
UNDERSTAND

thanks to dual
coding and better
knowledge retention



DUAL-CODING THEORY

a combination of
visual stimuli (pictures) and verbal stimuli (words)
stimulates the brain to make connections
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Flattening the curve

Delay outbreak
peak
Daily i
number of
cases

Reduction in peak of
outbreak

Cases without
protective measures

Health care system capacity

Cases with protective

measures

Time since first case

Source: CDC W




How should I protect myself?

There are some basic precautions you can take, which are the same as

what you should be doing every day to stave off other respira

Cover your nose and mouth when you sneeze. And when yo | I,]I_{ FLATTEN ]TH E CUFVE EXPLANATION
stay home from work or school and drink lots of fluids. =1

diseases. You've seen the guidance before: Wash your hands

The CDC recommends washing with soap and water for at l¢]
seconds after using the bathroom, before eating and after blg
nose or sneezing. It also advises not to touch your eyes, nose

and to clean objects and surfaces you touch often.
Read more about preparing for coronavirus here.
Return to top
TIME SINCE 15t CASE

FOX40 NEWS THAT MATTERS

#FLATTENTHECURVE

Where has it spread in the world?

Reported deaths Reported cases

997,000 33,087,000

Cases 1 for p i Raw

® Count Change over time
Recovered 72
Healthy 12
[ O -
Sick 116
. ]
R
. o
. i * . .
@ :
@@
Change from Sept. 21
Country Reported cases ¥ Total Pct. Deaths
us. 7,082,976 272,069 +4% 204,370
India 6,074,702 587,122 +11% 95,542
Brazil 4,732,309 ~187,680 +4% 141,741
Russia 1,154,299 249,251 +4% 20,299
Colombia 813,056 47,980 +6% 25,488
Peru 800,142 . 31,247 +4% 32,142

Mexico 730,317 229,737 +4% 76,430

Health

Why outbreaks like coronavirus
spread exponentially, and
how to “flatten the curve”

By Harry Stevens

PLEASE NOTE
The Washington Post is providing this story for free so that all readers have

access to this important information about the coronavirus. For more free
stories, sign up for our daily Coronavirus Updates newsletter.

After the first case of covid-19, the disease caused by the new strain
of coronavirus, was announced in the United States, reports of
further infections trickled in slowly. Two months later, that trickle

has turned into a steady current.

[Lea en espatiol | Leggi in italiano | 4 slu Jid! 1ds (4| Lire en
| HAGE Tt | e w4 | Leia em portugués |
o pyccku | Lesen Sie auf Deutsch | Lees in het
| Precitajte st po Slovensky | 13T/ "G | f?a‘?ﬁfuéj

»2,179
the U.S. cases

Feb.1 Feb. 15 March 1 March 13

lore the number of cases over time.

ed exponential curve J has experts worried. If the
cases were to continue to double every three days, there
would be about a hundred million cases in the United States by

May.
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The Washington Post to expand graphics and
design teams with 14 new positions

The new roles will allow The Post to produce more visual journalism in response to news
developments.

News Opinion Sport Culture Lifestyle

By WashPostPR & O O
June 26, 2020

The Washington Post today announced plans to add 14 new positions to tl DE
design teams, expanding its visual journalism to communicate informatio mjp
and powerful ways. The job postings will be accessible at careers.washingt

the coming weeks NIEUWS > DOSSIERS

o Hetjaarin datajoumaHSﬁEk Guardian Masterclasses
The Economist @ ... [ps of explaining com Data visualisation: A six-week visual storytelling
@TheEconomist or readers, said Mar progl’amme
raphics editors and d

Over six consecutive weeks, this high-impact and practical
workshop will give you the tools to transform your datasets into
stunningly memorable visuals - with experts Adam Frost and

Off the Charts launches next week. It's a newsletter

s, strengthening our
containing the best of our data journalism from the 8t 8

< that is driven by raj

team behind @EconDailyCharts, Sign up: econ.st Telsasseuce

Online workshop
/ 3 q haNGW Dates: Six consecutive Thursdays, from 4 November until 9
Tweet vertalen December 2021

Times: 2pm-5pm (GMT)

We're launching a
data newsletter

©Mediafin

28 december 2020 12:02

Off the Charts
De beste datavisualisaties en -analyses waar De Tijd dit jaar aan gewerkt heeft.




journalists

financial institutions
researchers
marketing agencies
organisations
governments
technical start-ups
food producers

mobile health apps

complex insights

large amounts of data

technical information

readers

clients

general public
platform users
members
consumers
patients
students

management



What is a good data visualization?

MATCH ANALYSIS
IN PROFESSIONAL FOOTBALL
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What is a good data visualization?
Group exercise (20 minutes)

Fach group receives 8 data visuals to discuss

As a group, choose your most and least favorite data visual and explain why



What is a good data visualization?
Group discussion



A good chart shows the data,
a great chart tells a story



d}é — +  story

US per capita consumption of poultry and livestock Americans are eating more chicken than ever before
B Pork H Beef M Chicken U.S. per capita consumption of chicken has more than doubled since 1965.
100 pounds 100 pounds Chicken
80 80
60 60 BEEf
40 40 Pork
20 20
0 0
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Data: National Chicken Council Data: National Chicken Council

makeovermonday.co.uk



There’s no such thing as
an objective data visual
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https://www.standaard.be/cnt/dmf20201221_98018740
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Which chart do you want?

AS NEUTRAL
AS POSSIBLE

objective (I D subjective




Please approve the hire of 2 FTEs

to backfill those who quit in the past year

Ticket volume over time

i 2 employees quit in May. We nearly kept up with incoming
volume in the following two months, but fell behind with the
increase in Aug and haven't been able to catch up since.

W
o
o

202

Number of tickets
1v] ™
o [#)]
<) o

? .
Received

1o Processed

140

100 126 124

104

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014

Data source: XYZ Dashboard, as of 12/31/2014 | A detailed analysis on tickets processed per person
and time to resolve issues was undertaken to inform this request and can be provided if needed.




Which chart do you want?

AS NEUTRAL A PERSUASIVE
AS POSSIBLE CALL-TO-ACTION

objective (I I B subjective

A-COMPLETELY AN INTERESTING
OBJECTIVE VISUAL STORY




Asia-Pacific will continue to be t
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So, what’s your story?

define your goals
define your audience

define your message



Who is my audience?
What do they want to know?
What do they need to do?
How much time do they have?
What are their biases?

How frequently will they look at this?



So, what’s your story?

define your goals
define your audience

define your message

\. limit yourself!



(GRAPHIQUE 24 - Dette des administrations publiques
en pour cent du PIB
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105 Figuur 2: Veranderingen in koopkracht, 2014-2020 (in %
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How charts work

Creating charts

Improving charts

Visual variables
Chart types
Beyond charts

Tools

Signal-to-noise ratio
Design components

Visualizing uncertainty



How charts work



graphical
representation
categories

What do we want to do
with our data?

visual
variables
How can we turn

raw numbers
into shapes?



Number of compounds

The graphical
representation e

3+
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afterglow 44
duration (h)

part-to-whole comparison :

distribution

correlation
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Global convergence in male life expectancy at birth since 1950
UNPD World Population Prospects 2015 Revision, via wpp2015
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5 50
Male life expectancy at birth
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The visual
variables

size

The world’s Asia
wealth -

Africa

Latin America

. North America

The United States are richer than
Africa and Latin America combined!




The visual
variables

color hue

Grootste partij
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The visual
variables

color brightness

s = A 4
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N 1,000+
I 100-999
[ 10-99
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O Wuhan
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@,;_- | Source: National Health Commission of the PRC. Data correct as of January 26, 08:30 P.M. ET
=W Graphic: Natalie Leung and Henrik Pettersson, CNN




The visual
variables

position

-
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WORLD HEALTH CHART

This graph is like 2 world map for
health and wealth. North and south
mean healthy and sick. East and
west mean rich and poor. The bubb-
les show all countries’ average
lifespans and incomes in 2017.
Try to find your country to see
who are the neighboring countries
with similar incomes and health.

COLOR: REGION

SIZE: POPULATION

. -

The world changes. For an updated
version of this graph with the latest
data, use this free online tool which

also shows the amazing improve- -

ments that all countries made over
the past 200 years to reach where
they are today:

www.gapminder.org/whc

51,000 52,000

SOURCES—INCOME: World Banks GDP per capita, PPP (201 intemnationsl ) excended from 2008 with IMF projecions
Based on IHME GBO- 2017, ectended cneyear by Gapminder, MORE INFO AT: weww.gapminderorgfwhe. LICENSE:
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5. Syria wes estimated by Gaprinder. ¥-acis uses log-seale fo make 8 doubling income show same distance on all levels — POPULATION: Data from UN, World Population Prospects
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EU regions, by economic development
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The visual
variables

43%\
37% football

\ I I —_— . Soccer is rapidly growing
%

the fourth favorite sport to watch

2007 2017

orientation




The visual
variables

o

shape

Population and Live Stock
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less polluted more polluted

Coloured according to 10-point scale (only 6 bands used)

Bonfire Night,
with the highest
levels in 2014 Each segment
is labelled
Weekend
Bonfire Week

firework displays

4-10 November

http://www.stefanieposavec.com/airtransformed



http://www.stefanieposavec.com/airtransformed

The visual
variables Malaria Cases in Africa

texture




The visual
variables

numerosity




The visual
variables o

AFGHANISTAN

INDIA PAKISTAN CHINA
DISPUTED AREAS MAP

-
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Common chart types



Common chart types
Bar charts: comparison using size

annual revenue
Dow Chemical l
United States

ol |
United States $30.1 bn
Herke I
Germany $21.0 bn
Huntsman
United States - $ 9.7 bn
Wacker Chemie - $61bn

Germany

Avery Dennison -
United States $6.1bn

Sika
Switzerland - $6.0bn

RPM International .
United States $ 4.8 bn

MAPEI
United States l $2.7bn

Bostik I $22bn

France



Where did you learn your skills?

92.2% 60.4% 39.1% 26.4% 2.8%

On the job

Self study

Professional training

Higher education

Other

On the job

Self study

Professional training

Higher education

Other

Where did you learn your skills?

92.2%

60.4%

39.1%

26.4%

2.8%



Pitfall

Bar chart not starting from zero

12 - Total Power Consumption (VW) 12 System ldle Power Consumption (W) ™ Total Power Consumption (W)

10
f N
1] 5
f .
nlll f
10 0

System Idle Chrome 10 Firefox 4 Opera 11 Safaris Chrome 10 Firefox 4 Opera 11 Safaris



Alternative solution

Use a dot plot

United States

Soviet Union

Panama

Cuba

Jamaica

Greece

South Africa

Spain

National men’s long jump records
in meters

8.73

o
8.71
o
8.69
@
8.66
o
8.65
@
8.56
o

8.86

8.95

8.5 8.6 8.7 8.8

8.9

9 meters




Pitfall

Equidistant labels for non-equidistant data

Number of passengers at Brussels Airport

30 million

25 million

20 million
15 million
10 million
5 million l

2000 2005 2010 2015 2016 2017 2018 2019 2020

o




Alternative solution
Use non-equidistant labels

Number of passengers at Brussels Airport

30 million

25 million
20 million
15 million
10 million
5 million
0

2000 2005 2010 2015 2020




Pitfall

Equidistant labels for non-equidistant data
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Economic impact of aging population
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Alternative solution
Use non-equidistant labels

Economic impact of aging population
30

25| I I I

20 B Other social expenses

M Child benefits

B Unemployment

% of BNP
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Alternative solution
Use an area chart or line chart

Economic impact of
aging population in Belgium

SCvV reference scenario, July 2020
in % of bnp

29,8% 29,1%

30%

—e TOTAL

25%

20%
Healthcare

15%

10%

13,5% Pensions

5%

0%
2019 2025 2040 2070



Common chart types
Line charts: evolution using position and orientation

WORLDWIDE SMARTPHONE 0S MARKET SHARE bron: Gartner

90 market Share
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40%
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Pitfall
Line graph spaghetti

A spaghetti chart of baby names popularity

~ 100000 .
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—— Deborah
— Dorothy
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T —
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year

https.//itsmecevi.github.io/dataviz/caveat/spaghetti.html



https://itsmecevi.github.io/dataviz/caveat/spaghetti.html

A spaghetti chart of baby names popularity

Alternative SOIUtion Amanda Ashley Betty Deborah
Make one line stand out " 100000

75000

50000
25000 ’ \ ’ \
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Coronavirus deaths in Italy and Spain are increasing much more rapidly
than they did in China

Cumulative number of deaths, by number of days since 10th death

éﬁ
& _
3,000 a8 Chinahad 2663 000
2,000 - Italy deaths at 35days 2,000
1,000 1,000
500 500
200 200
100 100
@5 Korea
50 50
20 20
19 5 10 15 20 25 30 35 10

MNumber of days since 10th death ———

FT graphic: John Burn-Murdoch / @jburnmurdoch

Source: FT analysis of Johns Hopkins University, CSSE. Data updated March 15, 17:00 GMT
8 FT

Financial Times,
March 15, 2020



Coronavirus deaths in Italy, Spain, the UK and US are increasing more
rapidly than they did in China

Cumulative number of deaths, by number of days since 10th death

Nationwide lockdowns: ¥ EVERY -EVERY,
2 DAYS, -’ 3 DAYS.-”
10,000 DEATHS DOUBLE, . .7 10,000
EVERY DAY,

5,000 .

5,000

Italy locked down ——e
China had 2,715 2,000

2,000 after’800 deaths
,’ deaths at 35 days
1,000 Spain & France locked LQQQ
down affer around Uk~ G e
500 200 deaths 'N‘érhejﬁ(;‘n'ds _,g\{%‘f“—{ WEES- 500
4 X aGe’rma‘rj;f et
200 7 £~ _-SSwitzerland | 200
CHina begat s S __.--5—-@S Korea: early and large-scale testing and
its lockdowns ~ ,* =" tracing helped authorities 100
after around ~ /4 —— get the outbreak
30 deaths o= -=--® Japan under control 50
1 10 15 20 25 30 35 &

Belgium’s lockdown Number of days since 10th death ———p

FT graphic: John Burn-Murdoch / @jburnmurdoch
Source: FT analysis of Johns Hopkins University, CSSE; Worldometers; FT research. Data updated March 26, 19:00 GMT
©FT

Financial Times,
March 26, 2020



Daily death tolls are still accelerating in most countries

Daily deaths with coronavirus (7-day rolling average), by number of days since 3 daily deaths first recorded
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Ll 000 e ltaly o 1,000
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10006;&%@{" Z«F\»K\é\ Financial Times,
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Source: FT analysis of European Centre for Disease Prevention and Control; Worldometers; FT research. Data updated April 05, 19:00 GMT
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Common chart types

Pie charts: part-to-whole using size

Type of employment

No answer
1.2%

Freelancer
15.8%

Employee
46.8%

External
consultant

36.3%



Pitfall
It doesn’t add up

x\fhat apps do users use each week?

Sound

Text




Alternative solution

Use a bar chart

Business Process Model
and Notation (BPMN)

Unified Modelling
Language (UML)

Entity-Relationship
Diagram (ERD)

Entity-Relationship (ER)

ArchiMate

Decision Model
and Notation (DMN)

Data Flow
Definition (DFD)

Case Management Model
and Notation (CMMN)

other

69.6%

41.5%

28.7%

21.6%

18.1%

10.5%

6.4%

5.8%

3.5%



Pitfall

Too many categories

Flyer 3.7%
Existing Client
Commercial / 11.2%
4.7% .
Radio 5.6%
Inbound Call
Article 4.7% ~ 5.6%

~ Tradeshow
7.5%

» Web Site 5.6%
Search 4.7% - 3
Walk-In 0.9% P Cold Call 1.9%
I
Partner 4.7 Referral 6.5%
Reference 3.7% -

Conference ~ Previous Client

4. 7% B.5%
Associate 5.6%

Magazine 3.7% —

Gold T 5 6% © Silver Team
o eam Sy



Alternative solution
Group categories together

Nearly 6 out of 10 nights are
spent by Belgian tourists

UK
5%
France Fgeg Belgium
Germany 56%

Netherlands



Pitfall

Difficult to compare

Fully Fully
agile waterfall




Alternative solution

Use a bar chart
Fully Fully
agile waterfall

Fully
waterfall

\J

Fully
agile

1.8%

12.3%

17.0%

23.4%

27.5%

14.0%

4.1%




Pitfall
3D pie charts
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The chartbuster rules.
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Alternative solution
Use a bar chart

@ FTEW FHINENIG
MY LMNGAI new aosss TS
Sunny
Vento 29,545
Rapid 25,822
22,162
SX4
10,069
Scala
3172

Verna
56,486

City
32,404

JAN-DEC 2012 Cumulative Sales Figures

Source: SIAM Data

Thy ran PR SRR
LrE=r2rJs-o
It sets you thinking

The chartbuster rules.

The Verna stays the undisputed No. 1 in its segment.
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Common chart types
Scatter plots: correlation and distribution using position

peak area ratio
0.14 .
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DEVELOPED
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Children surviving to age 5
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CHILDREN DYING
Percent dying before their fifth birthday

1800 1900 2000
Source: Gapminder{6] based on UN-IGME & HMD

HUNGER

Share of people undernourished

28%
1970

1%
2015

1970 1980 1990 2000 2010
Source: Gapminder] | 8] based on FAO[I,3]
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Less common chart types



Parsllel Sats

Arc Diagram Area Graph Bar Chart Box & Whisker Plot Brainstorm Bubbie Chart Open-high-low-close
Chart
Scatterplot

unction ) View by List
X0
OXOX
ox X
&) b4
Pictogram Chart Pie Chart Paoint & Figure Populstion Pyrarid
Chart

o

Sankey Diagram

Radisl Bar Chart Radial Colurnn
Chart

Radar Chart

Proportional Area
Chart

Chord Disgram

O

Candlestick Chart

Calendar

Bullet Graph

Stacked Bar Graph Stemn & Leaf Plot Stream Graph

Spiral Plot Stacked Area Graph
Treemap

Tree Disgram

Bubble Map
Q%)
oL
s
Donut Chart Dot Map Dot Matrie Chart

Density Plot

Connection Map

Circle Packing
Error Bars Flow Chart Flow Map Histogram
'
’ wel 2™
Metwork Disgram Nightingsle Rose MNon-ribbon Chord ‘Wenn Disgram ‘iolin Plot Word Cloud
Chart Disgranm

Timetable

Timeling

Taily Chart

Sunburst Disgram

Fagi Chart

|lustretion Disgram

E

Multi-set Bar Chart

Marimekko Chart

Line Graph

www.datavizcatalogue.com



http://www.datavizcatalogue.com/

Treemaop

Description

Treemaps are an alternative way of visualising the
hierarchical structure of a Tree Diagram while also
displaying quantities for each category via area size. Each
category is assigned a rectangle area with their
subcategory rectangles nested inside of it.

When a quantity is assigned to a category, its area size is
displayed in proportion to that quantity and to the other
quantities within the same parent category in a part-to-
whole relationship. Also, the area size of the parent
category is the total of its subcategories. If no quantity is
assigned to a subcategory, then it's area is divided equally
amongst the other subcategories within its parent category.

The way rectangles are divided and ordered into sub-
rectangles is dependent on the tiling algorithm used. Many
tiling algorithms have been developed, but the "squarified
algorithm" which keeps each rectangle as square as
possible is the one commonly used.

Ben Shneiderman originally developed Treemaps as a way
of visualising a vast file directory on a computer, without
taking up too much space on the screen. This makes
Treemaps a more compact and space-efficient option for
displaying hierarchies, that gives a quick overview of the
structure. Treemaps are also great at comparing the
proportions between categories via their area size.

The downside to a Treemap is that it doesn't show the
hierarchal levels as clearly as other charts that visualise
hierarchal data (such as a Tree Diagram or Sunburst
Diagram).

Anotomy

Functions

Similor Charts

258)

Circle Packing Marimekko Chart ~ Sunburst Diagram

Exomples

Region-wise Literacy Rates in 2015, World Population -
FusionCharts

Top 10 Chinese Exports to the World - AnyChart

Treemap - Datamatic

Tools to Generote Visuolisation

AnyChart (code)
amCharts (code)
D3 (code)
Datamatic

Google Charts (code) or Google Docs
Infogram

jChartFX (JavaScript plugin)

RAWGraphs
Slemma

Vega (code)
Vizzlo

ZingChart (code)

Need to access this page offline?
Download the eBook from here.

) Merchandise & other related dataviz
products can be found at the store



ALL FAMILY ~ INPUT ¥ FUNCTION -~ SHAPE - Q o

Alluvial Diagram Sankey Diagram Donut Chart Line Graph
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Polar Area Chart Pictorial Fraction Chart Radial Histogram Exploded View Drawing
vvvvvv 75% -.,\.n { .
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Flow Map Sunburst Diagram Treemap Bar Chart (Vertical)

datavizproject.com

Radial Bar Chart

Sorted Stream Graph

Pictorial Stacked Chart

e A 20%


https://www.datavizproject.com/

(+) THE CHARTMAKER DIRECTORY

= Filt art nam K Reference Type: O Example @ Solution | Chart Families: @ Categorical @ Hierarchical @ Relational @ Temporal @ Spatial
Amazon QuickSight ArcGIS Chartjs Charticulator D3.js Data lllustrator Datawrapper Flourish FusionCharts Gephi Google Charts  Google Data Studio Highcharts Infogram JetPack Data Jmp Keshif Kibana Leaflet.js Mapbox Matplotlib
@ @ @ )
® ® (] O O O
o%e
Clustered bar chart ® ® e) ) [o) o) .. OO ® Y ) Y
O °®
Connected dot plot .. (@) ... [ )
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O
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° ° 0% o o e ° ° °
o0 © >
@
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http://chartmaker.visualisingdata.com
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What would you like to show? = — . Let your data speak
dos  don'ts

‘Show in context
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Less common chart types
Walffle charts

I Subdued

Of 120 surveyed Syrian teenagers:

R R R R R
+4 444444+ +4 4444+ 4++
R AR Raaae G aRaRd
AR AAaaad R R R RS
44444444 4444444 R R aRd
44444444+ 4444444 RO
L4444 4444+ L4444+ L4444 4444
+4+4+ 444444 +44++ 4444 2000000000 +H+4+ 444444
% 74 8% 61%
8 0 0 0 (o] 1 0
don't go out do no activities engage in would like to do
after dark other than school political discussion activities but
and social movements, are prevented by
including online* safety concerns

Source: Mercy Corps *Economist estimate based on the report

Economist.com

economist.com



Less common chart types

Strip charts

endurance sports
football

explosive sports

SLOW-TWITCH

TYPOLOGY

INTERMEDIATE-TWITCH

TYPOLOGY

Z-SCORE

FAST-TWITCH

TYPOLOGY

+2

+3



Less common chart types
Beeswarm plots

Which counties reduced travel the most
-=— Less travel Change in distance traveled (Feb. 28 to Mar. 27)

More travel —=

Avg.

Counties
with stay-at- i
home orders : Sue ’ p : Fl
by March 27

Avg.

Counties
without stay-at-
home orders

by March 27

https://www.nytimes.com/interactive/2020/04/02/
us/coronavirus-social-distancing.html



https://www.nytimes.com/interactive/2020/04/02/us/coronavirus-social-distancing.html

Less common chart types
Slopegraphs

The market demand for construction sealants
IS the second largest and fastest growing

250 kton

automotive 230

180 kton
construction
packaging 150

110 kton
100 kton
other 90 kton
footwear

industrial adhesives

wood & furniture 20 ¢ ® 20 kton

2017 2022

(expected)



Less common chart types

Sankey diagrams

I Shifting allegiances

Votersin the US 2012 presidential election and which candidate they support in 2016, % of total
2012 2016*

Hillary Clinton [ZE}

2%l Barack Obama

Donald Trump

7/ Mitt Romney

Not sure/

other candidate 9

Gary Johnson E

2 B Jill Stein ¥4
Source: YouGov *At August 2016

Economist.com



Estimated U.S. Energy Consumption in 2019: 100.2 Quads Lawrence Livermore
9y P Q National Laboratory

Net Electricity 0.05

Solar 0.65 Imports —

1.04 : S

Nuclear
8.46

Hydro

25
417 Rejected

Energy
67.5

Residential

Wind
2.74

Geothermal
0.209 . E Commercial
9.41

Natural Gas
321
Industrial
26.4 Energy
) Services

32.7

Biomass
4.98 Transportation

28.2

Petroleum

36.7

Source: LLNL March, 2020. Data is based on DOE/EIA MER (201%). If this information or a reproduction of it is used, credit must be given to the Lawrence Livermere Mational Laboratory

and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. ETA

reports consumption of renewable resources (i.e., hydre, wind, geothermal and sclar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant heat rate. The

efficiency of electricity production is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is

estimated as €5% for the residential sector, €5% for the commercial sector, 21% for the transportation sector and 49% for the industrial sector, which was updated in 2017 to reflect
DOE's analysis of manufacturing. Totals may not equal sum of components due to independent rounding. LLNL-MI-410327



Chart type exploration
Group exercise (15 minutes)

Explore one or more of the following chart type collections:

www.datavizcatalogue.com

http://chartmaker.visualisingdata.com

https://chart.guide/

Browse around, get familiar, explore examples

Discuss: Which chart types could be relevant for your daily practice? Why?


http://www.datavizcatalogue.com/
http://chartmaker.visualisingdata.com/
https://chart.guide/

Beyond charts



Do | really need a chart?

INVESTMENT BANK INVESTMENT BANK INVESTMENT BANK

Lets’s simulate your returns Lets's simulate your returns Lets's simulate your returns

starting

starting starting
amount

amount amount

manthly manthly monthly

investment — ()

risk 4
profile i profile

profile

€ 54 880

expected
by June 2029

€54880 €

by June2029 el

€45339 €75903
better better
€45339 €54880 £75903 than expected than expected

better expected better
than expected by June2029 than expected

& % & 10V % & 10V %




Maybe a table is sufficient?

England: Premier League

UPDATED JAN. 12, 2021, AT 12:03 AH

Club Soccer Predictions

Forecasts and Soccer Power Index (SPI) ratings
for 39 leagues, updated after each match.

Seealso: How this works Global club soccer rankings

Standings Matches

i
@ PREMIER LEAGUE
2020-21

TEAM

England
Updated Jan. 4, 2021, at 4:56 p.m.

END-OF-SEASON PROBABILITIES

@) Man. City - ...
@ Liverpool == -
@ Man. United = .
; Tottenham -0 -
Chelsea ¢ i«

(2) Leicester =2 i

Aston Villa 25 .-

a Everton 2o i

w Arsenal 2 -

AVG. SIMULATED
TEAM RATING SEASON
GOAL

SPI OFF. DEF. DIFF. PTS. EVERY POSITION
201t fst |
037 @@ | 0 e ]

88.6 @004 | .36 7
0

84.5 (2808 |23 72
—

8l1.6 23 06 +23 65
—— N

85.8 24 05 +25 64
—

79.1 21 06 +14 A
S

78.5 22 .07 +16 60
..

14.5 20 07 +3 58
...

80.5 22 0.6 +8 57

More info: fivethirtyeight.com



https://projects.fivethirtyeight.com/soccer-predictions/premier-league/

ONCI SR
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LatestWeek
Volume

16,356,600

195,375,400

198,068,600

60,965,900

6,393,500

288,745,200

92,925,900

228,612,200

PriorWeek

Volume

8,707,400

103,700,700

174,145,400

29 933,500

8,870,600

199,505,500

20,509,900

161,738,200

Change

7,649,200

91,674,700

23,923,200

31,032,400

2477100

89,239,700

2,416,000

66,874,000

% Change

B7.85%

88.40%

13.74%

103.67%

27.92%

44 73%

4.78%

41.35%

Volume Trend Last 31 days
as of 31-10-2018



Unemployment rate in selected countries

January-August 2020, sorted by the unemployment rate in January.

country o Feb Mar Apr May Jun Jul Aug
Japan 2.4% 2.4% 2.5% 2.6% 2.9% 2.8% 2.9% 3.0%
Netherlands  3.0% 2.9% 2.9% 3.4% 3.6% 4.3% 4.5% 4.6%
Germany 3.4% 3.6% 3.8% 4.0% 4.2% 4.3% 4.4% 4.4%
Mexico 3.6% 3.6% 3.2% 4.8% 4.3% 5.4% 5.2% 5.0%
Us 3.6% 3.5% 4.4% 14.7% 13.3% 11.1% 10.2%

ﬁg‘rgg 4.0% 3.3% 3.8% 3.8% 4.5% 4.3% 4.2% 3.2%
Denmark 4.9% 4.9% 4.8% 4.9% 5.5% 6.0% 6.3% 6.1%
Belgium 5.1% 5.0% 5.0% 5.1% 5.0% 5.0% 5.0% 5.1%
Australia 5.3% 5.1% 5.2% 6.4% 7.1% 7.4% 7.5% 6.8%
Canada 5.5% 5.6% 7.8% 13.0% 13.7% 12.3% 10.9% 10.2%
Finland 6.8% 6.9% 7.0% 7.3% 7.5% 7.8% 8.0% 8.1%

Source: OECD - Get the data - Created with Datawrapper



Day

Monday
Tuesday
Wednesday
Thursday
Friday

Average

Proportional

390,209,000
112,371,000

Fat

70g

65g

88g

57g

73g

74g

Carbs

94g

85g

71g

102g

96g

85g

Protein Name (Symbol)

81g

SkyHighCorp (SHC)
95g

LowDownlnc (LDI)

105g

ValueNowlnc (VNI)
78g

DoinBadlyCorp (DBC)
84g
88g

O

O

Tabular sepx | [
390,209,000

112,371,000 .

O

O

The Ultimate Guide to Designing Data Tables

Invoice

#09293

#98273

#19293

#12839

81727

Div

2.35

1.00

Invoice date

05/10/2019

05/10/2019

05/10/2019

05/11/2019

05/11/2019

Vol

3143

2735

1894

7601

Due date

05/10/2019

05/10/2019

05/10/2019

05/11/2019

05/11/2019

Yid

5.7

4.5

P/E

76

Status

Unpaid

Paid

Paid

Unpaid

Day Last % Change
21.25 +.25
41.00 -.50
22.00 +.10
33.50 -75

Amount
$2,350.00
$750.83
$1,200.00
$2,500.00
$3,200.00


https://medium.com/design-with-figma/the-ultimate-guide-to-designing-data-tables-7db29713a85a

What is a good data visual?

Telling a story

Visual variables
Chart types
Beyond charts

Tools

Signal-to-noise ratio
Design components

Visualizing uncertainty






Which tools do you currently use
to produce data visuals?



designing
graphs

Oioe

|

e —

complex
to use *E': to use
12050 %
R
creating

graphs



online drag-and-drop tools

designing
graphs

Infogram, Piktochart, Visme

easy complex
to use R to use

creating
graphs



Canva
lots of templates, fonts, images,... - also in free version
easy to use - drag and drop

very limited chart options

Infogram
better for charts, even real-time/interactive

no downloads in free version

Piktochart
pretty complete for starters, good chart options

limited number of visuals in free version

Visme
not too expensive, similar options to Piktochart

limited number of visuals in free version



designing

office tools graphs
PowerPoint
i

easy " complex
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Excel

creating
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Available tools

Excel
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Evolutie van de budgettaire kosten

van de vergrijzing op lange termijn

Volgens het SCvV-referentiescenario van juli 2020
in procent van het bbp

2040-2070
0% 29.8% 29.1%
2019-2040 —R—
25%
Overige sociale uitgaven
20% Werkloosheid
10.0%
Kinderbijslag
[ Arbeidsongeschiktheid
15%
mm Gezondheidszorg
[ Pensioenen
10% —TOTAAL
5%
0%

2019

2040 2070

Evolutie van de budgettaire kosten van
de vergrijzing tussen 2019 en 2070

Volgens het referentie- en alternatieve scenario's
in procentpunt van het bbp

Macro-economische factoren

Hogere werkloosheidsgraad

Lagere groei arbeidsproductiviteit

Lagere groei arbeidsproductiviteit
en hogere werkloosheidsgraad

|

|

|

Demografische factoren :
|

Hogere vruchtbaarheid :

|

Lagere vruchtbaarheid

: Referentiescenario
" +4.3%
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Alternative: PowerPoint or similar



designing
graphs

online chart tools @

p ||
J|_infogram _ *

Datawrapper,
LocalFocus, Flourish

—

complex
to use

‘ﬁ RAWGraphs R
creating
graphs




RAWCraphs 2.0 beta

1. Load your data

DATA PARSING OPTIONS
Column \t Tab .
separator

Thousands separator .
Decimals separator

Date Locale

DATA TRANSFORMATION

Stack on Column -

< Reset

O Change data

2. Choose a chart

# year
1 1976
2 1976
3} 1976
4 1976
5 1976
6 1976
7 1976

It Aa state

Alabama

Alabama

Alabama

Alabama

Alabama

Alabama

Alabama

I

Aa state_po

AL

AL

AL

AL

AL

AL

AL

AT ma party_simplified T

Aa  party_detailed

About  GitHub

T # number of votes T

Democrat Democrat 659170
Republican Republican 504670
Other American Independent 9198
Othexr Prohibition 6669
Othexr Communist Party Use 1954
Libertarian Libertarian 1481
Othexr 308

4287 rows (30009 cells) have been successfully parsed, now you can choose a chart!

T T T T T T T T T 1
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Beeswarm plot

It displays the distribution of items over a

continuous dimensions. Each (line) is

represented with a dot placed on the
horizontal axis. The vertical dimension is
used to avoid overlaps among circles,
showing their distribution. The area of dots
can be used to encode a further quantitative
dimension and a quantitative or categorical

dimension with color.

o Code o Tutorial

Alluvial Diagram
Correlations, proportions

Multi-set bar chart

Correlations, proportions

Box plot

Distributions

Circle Packing
Hierarchies, proportions

Convex hull
Correlations, proportions

Line chart

Time series, correlations

Arc Diagram
Networks

Stacked bar chart

Caorrelations, proportions

Bubble chart

Caorrelations, proportions

Circular dendrogram
Hierarchies, proportions

Linear dendrogram
Hierarchies, proportions

Matrix Plot

Caorrelations, time series, proportions

Show Al charts

Bar chart
Correlations

Beeswarm plot

Distributions, time series, proportions

Bumpchart

Time series, correlations, proportions

Contour plot
Correlations, distributions

Hexagonal binning
Correlations, distributions

Radar Chart

Correlations

great for

out-of-the-box

chart types

https://app.rawgraphs.io/



https://app.rawgraphs.io/

Interactivity

Datawrapper
datawrapper.de

Datawrapper

Enrich your
stories with charts,

in seconds.

https://baryon.be/files/MM/2020/W04/

https://baryon.be/data-visualization-tools-datawrapper/

k great for tooltips and maps

Flourish
flourish.studio

4,000,000
- ||‘|I||I|III
e IIIIIIIII'

Measles, tetanus and Hib have
also killed millions, but the
number dying has fallen
substantially

K great for storytelling



https://baryon.be/files/MM/2020/W04/
https://baryon.be/data-visualization-tools-datawrapper/

easy
to use

designing
graphs

creating
graphs

Q

U

JavaScript

BE Gioe

programming
languages

o

complex
to use



R

ggplot2

https://r4ds.had.co.nz/data-
visualisation.html

https://www.cedricscherer.com/
2019/08/05/a-ggplot2-tutorial-
for-beautiful-plotting-in-r/
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https://r4ds.had.co.nz/data-visualisation.html
https://www.cedricscherer.com/2019/08/05/a-ggplot2-tutorial-for-beautiful-plotting-in-r/

Python

Matplotlib

https://matplotlib.org/

Seaborn

http://web.stanford.edu/~mwask

om/software/seaborn/index.html

Plotly

https://plot.ly/python/

Am Cm Bk Cf Es Fm Md

: 1 \ s x{:;
\

1
\

= X
///,/ /r H"\



https://matplotlib.org/
http://web.stanford.edu/%7Emwaskom/software/seaborn/index.html
https://plot.ly/python/

JavaScript
d3.js

https://d3js.org/

) Data Dnven Documents

T— — — T %y’ TRy

Highcharts

https://www.highcharts.com/
docs/index

Chart.js

https://www.chartjs.org/

Leaflet

https://leafletjs.com/



https://www.highcharts.com/docs/index
https://d3js.org/
https://www.chartjs.org/
https://leafletjs.com/

designing advanced design tools

graphs

Photoshop,

Paint.NET, GIMP . l ‘

lllustrator, Affinity, Inkscape

complex
to use

creating
graphs



EMITTED CO2

ND-GAIN INDEX SCORE thousand metric tons of carbon

A
® 40 : less
* vulnerable

MAP NATIONS EMITTING

AND VULNERABLE

w' CO2 EMITTING NATION

S ‘ IRAQ
VULNERABLE NATION =
) g W NiGERIA
o €02 EMITTING AND VULNERABLE NATION )
=
m - .
NEITHER CO2 EMITTING NOR VULNERABLE NATION Milken Institute School

of Public Health

THE GEDRGE WASHINGTON UNIVERSITY

SOURCES: CARBON DIOXIDE INFORMATION ANALYSIS CENTER; RESEARCH INSTITUTE FOR ENVIRONMENT, ENERGY AND ECONOMICS; ND-GAIN INDEX
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New York, USA

151 AURFATES BOBN HERE

= B ® o F3 @ B [

Adobe lllustrator

“industry standard”

extremely powerful

steep learning curve
expensive subscription



Vé_ L\FFINIT.V
'S Designer

Bring your visions to life with the ultimate
graphic design and illustration app.

g

R
o
A
S ‘\:

2 .
S =

macQOS Windows iPad

ONLY €54.99 ONLY €54.99 ONLY €21.99

BUY NOW BUY NOW | BUY NOW

Alternative: Affinity Designer

nearly as powerful as Adobe Illustrator

still a steep learning curve
one-off payment (approx. €55)



INKSCAPE

v @V’C{M) 5@'(28[3{. [ Search website Q ]

ABOUT DOWNLOAD NEWS COMMUNITY LEARN CONTRIBUTE DEVELOP

INKSCAPE @3

Draw Freely.

GNU/Linux Windows macOS (10.11-10.15) Source Archive

Linux based Free Desktop ..' Microsoft's Windows Desktop .’ disk image (dmg) X xz tarball

Systems [ J

Inkscape 1.0.1

All Platforms

Release Notes

Inkscape 1.0.1 is mainly a stability and bugfix release. It also comes with a few new features that hadn't

been stable enough to make it into Inkscape 1.0. Responsible People

Manager: Marc Jeanmougin
New Features

Ravicinnc

Alternative: Inksca pe https://inkscape.org/release/inkscape-1.0.1/


https://inkscape.org/release/inkscape-1.0.1/
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Alternative: Paint.NET or similar https://www.getpaint.net/



https://www.getpaint.net/

TIMES MONTH WAS SEASON PEAK SINCE 1982

OCTOREL NQVEMEEE PECEMEEL
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TANUARY  FesuAlY  MARCH

Mona Chalabi



4. ARTCBIECT
THE OIL PAINTED CANVAS
BECOMES ART FORT-

ABLE. LOMMODITY INTERHAL, FORMAL 4 AUTONOMOUS ART WoRLD:

2. DETACHED FROM e
: {RRELEVANT 7
CHURCK AND STATE, ART ARTWORK. 5 pvawt saroe i3
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Ward Shelley
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Die Kinder und Eltern der Musiker

Bei 16% aller Musiker
sind beide Elternteile
ebenfalls Profimusiker.

Bei 16% dller Musiker,
die Kinder haben,
musizieren die Kinder nicht.

situation mitzuteilen. 75 Musiker sind Eltern und haben zusammen 171 Kinder.

In Deutschland kamen 2012 im Schnitt 1,38 Kinder je Frau zur Welt.
Mit je 1,71 Kindern liegen unsere Musiker damit weit ber dem Durchschnitt.

100 Musiker des Orchesters waren bereit, uns etwas ber ihre Familien-
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7 Kinder

Reihe 1:

Musiker 1 bis 48

Eltern

Raihe 2:

Musiker 49 bis 74

L.h..ri.-f._-.?.-

ikers ein
wenn auch nicht als Profimusiker.

Dieser Musiker hat sieben Kinder,

von denen sechs ebenfalls ein
{orange) wollen auch Profimusiker

werden. Ein Kind musiziert nicht,

aber dafiir haben die Eltern des

Instrument spielen. Funf Kinder

LESEBEISPIEL

Raihe 3;
- Musiker 75 bis 100

Ein Viertel der Musiker
hat (noch) keine Kinder.
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LEGENDE

Kind spielt ein

Musikinstrument

VATER MUTTER

Kind will auch Prefimusiker werden

Die Eltern der Musiker sind oder
waren ebenfalls Profimusiker

Kinder

Kind spielt Musikinstrument, weil aber
noch nicht, ob es Profimusiker werden will

Bei 18%
aller Musiker
haben die Eltern

21 von 100 Mittern sind

oder waren Profimusiker.

nicht musiziert.

39 von 100 Vatern sind oder waren Profimusiker.

Die Eltern der Musiker haben
&in Instrument gespielt.

Kind spielt kein Musikinstrument,
ist zu jung oder keine Angaben

Jan Schwochow
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(+) THE CHARTMAKER DIRECTORY

= Filt art nam K Reference Type: O Example @ Solution | Chart Families: @ Categorical @ Hierarchical @ Relational @ Temporal @ Spatial
Amazon QuickSight ArcGIS Chartjs Charticulator D3.js Data lllustrator Datawrapper Flourish FusionCharts Gephi Google Charts  Google Data Studio Highcharts Infogram JetPack Data Jmp Keshif Kibana Leaflet.js Mapbox Matplotlib
@ @ @ )
® ® (] O O O
o%e
Clustered bar chart ® ® e) ) [o) o) .. OO ® Y ) Y
O °®
Connected dot plot .. (@) ... [ )
oce
O
Proportional shape [ ) [J
° ° 0% o o e ° ° °
o0 © >
@
(0] CJ

http://chartmaker.visualisingdata.com



http://chartmaker.visualisingdata.com/

Demo



Visuallzlng 40 Years of Music Industry Sales
@) o
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MUSIC REVENUES PEAK VALLEY
Adjusted for Inflation, 2017 Dollars $21.5B $6.9B
$20B
In 2002, CDs made up
$18B 95.5% of the recording
Industry’s revenue.
$16B
$14B
5129 For the first time
this millennium,
muslc revenue
$1OB Is growing again.

CASSETTE : &
$8B ‘

COMPACT DISC
$6B
$4B

$2B

8-TRACK RINGTONE

$0

1977 1980 1985 19390 1995 2000 2005 2010 2015 2077



The Data Visualisation Catalogue

About - Blog « Shop « Resources

Stream Groph

Description

Also known as a ThemeRiver.

This type of visualisation is a variation of a Stacked Area
Graph, but instead of plotting values against a fixed,
straight axis, a Stream Graph has values displaced around
a varying central baseline. Stream Graphs display the
changes in data over time of different categories through
the use of flowing, organic shapes that somewhat
resemble a river-like stream. This makes Stream Graphs
aesthetically pleasing and more engaging to look at.

In a Stream Graph, the size of each individual stream

shape is proportional to the values in each category. The
axis that a Stream Graph flows parallel to, is used for the
timescale. Colour can be used to either distinguish each

Functions

Similar Chaorts

Stacked Area
Graph

Anaotomy

. Category A Categor, Exam P les

The Ebb and Flow of Movies: Box Office Receipts
1986-2008, The New York Times

Want your work linked on this list? Click Here

Tools to Generote Visualisation

Bob Rudis' GitHub (code)

D3 (code)

Infogram

JSFiddle (code)

Lee Byron's GitHub (code)
NVD3.js (code)

plotDB

RAWGraphs

Stream graph generator (code)

Need to access this page offline?
Download the eBook from here.

( Merchandise & other related dataviz
@ products can be found at the store



RAWGraphs

RAWGraphs 2.0 beta

2. Choose a chart

T T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010 2015

Streamgraph (area chart)

It allows the comparison of multiple

categories over a continuous dimension.

w Code o Tutorial

Alluvial Diagram
Correlations, proportions

Multi-set bar chart

Correlations, proportions

Box plot

Distributions

Circle Packing

Hierarchies, proportions

Convex hull

Correlations, proportions

Hexagonal binning
Correlations, distributions

.
LR

Arc Diagram

MNetworks

Stacked bar chart

Correlations, proportions

Bubble chart

Correlations, proportions

Circular dendrogram

Hierarchies, proportions

Linear dendrogram

Hierarchies, proportions

Horizon graph
Time series, correlations

Show  All charts

Bar chart

Correlations

Beeswarm plot

Distributions, time series, proportions

Bumpchart
Time series, correlations, proportions

Contour plot

Correlations, distributions

Gantt chart

Time series, correlations

Line chart
Time series, correlations

Ab






Time to play

Individual exercise (15 minutes)

Download the data file
https://baryon.be/files/workshop/wealth.xlsx

Use RAWgraphs and PowerPoint
to mimic the chart on the right

Or feel free to play around and
explore a tool of your choice

The United States are richer than
Africa and Latin America combined!

The world’s
wealth

Africa

[ ]
.
.
.
¢ '
°

Latin America

‘ North America


https://baryon.be/files/workshop/wealth.xlsx




What is a good data visual?

Telling a story

Visual variables
Chart types
Beyond charts

Tools

Signal-to-noise ratio
Design components

Visualizing uncertainty



Sighal-to-noise ratio



GPS



CPU performance vs. power
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Latest PC
laptop chip

POWER CONSUMPTION [LOWER IS BETTER)

Up to

2X

faster CPU
perfarmance!

Matches peak PC
performance using
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of the power’




“Maximize the data-ink ratio”




Output power [W]

1.0

0.8

0.6

0.4

0.2

0.0

1

E—l + measured
; — calculated
: ]g* -
:Hﬂmfﬁﬁizz T -H—HJ-HE
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Frequency [GHz]

Output power
650 mW

Jean-Luc Doumont, Optics & Photonics Focus 2010

measured

16 17.2 GHz 19



CPU performance vs. power
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Noise = physical noise

elements which are on the visual
but are not helpful

+ mental noise

thinking work required
from your audience



Cum Survival

0-6
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0-2

00

‘so what'
ORIGINAL COHO@ title
Increased injury rates in athletes with

fast-twitch muscle typology

Original cohort

. . gridlines help
80% of athle O reading the data
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World carbon dioxide emissions from the consumption and flaring of fossil fuels
Million metric tons of carbon dioxide, in 2006

China: 6017

India: 1293

Japan: 1246

South Korea: 514
Iran: 471

USA: 5902

Canada: 614

Russia: 1704
Germany: 857
United Kingdom: 585

Rest of the world: 9987

Source: Energy Emission Administration

Global share of CO, emissions (2006)
Carbon dioxide emissions are dominated by China and the USA

Rest of the world: 34.2%

China: 20.6%
P

— India: 4.4%

- Japan: 4.3%

UK: 2.0% /¢
2"
i
/

Germany: 2 9% ™ South Korea: 1.8%
Iran: 1.6%
Russia: 5.8% 4
USA: 20.2%

Canada: 2.1%

Source: Energy Emission Administration




What would
you change?

Increasing San Diego County's Water Supply
Reliability through Supply Diversification

1991 Estimated 2020
28 TAF
e 80 TAF
5% T A ?;AF
550 TAF
: 95% ’
150 TAF
Total = 578 TAF : 26% .
3 Projected 2035
2015 80 TAF  2XTAE 50 TAF
80 TAF Total= 587 TAF T 7% 7%
OBTAE 5% 27 TAF 12% 30 TAF
0% 5% 18 TAF 4%
3% . 50 TAF
5 TAF 200 TAF 7%
1% 30%
304 TAF 120 TAF
57% 18%
Total= 534 TAF Total= 680 TAF
D Metropolitan Water District D Recycled Water D Local Surface Water

. Imperial Irrigation District Transfer

Potable Reuse (Includes
- conceptual and planned projects)

E Seawater Desalination
- All American & Coachella Canal Lining E Groundwater

TAF=Thousand Acre-Feet




Supply diversification will increase

San Diego County’s water supply reliability
680 TAF

— potable reuse

578 TAF

— local surface water
groundwater

seawater desalination

recycled water

all american &
coachella canal lining

imperial irrigation
district transfer

metropolitan
water district

1991 2015 2020 2035

(estimated) (projected)



Desigh components



THE IMPORTANCE OF

SUNSET




background

color

thematic/structural
color

harmful pesticides are
banned or being phased out
in the European Union
only 37 |p
in the United States §

‘ gZhina

k0

71

in Brazil

harmful pesticides are banned
in all four major economic regions

Europe leads the way
in banning harmful pesticides

A #MakeoverMonday visualization

— by Koen Van den Eeckhout (@koen vde)
Source: Donley, M. The USA lags behind other

agricultural nations in banning harmful pesticides. Inspired by David McCandless' Reasons for Being
Environ Health 18, 44 (2019) doi:10.1186/512940-019-0488-0 visualization: infarmationisbeautiful.net
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What do colours mean?




trust,
stability

energy,
passion

friendly,
natural

history,
intelligence

happiness,
warmth

sensitive,
love

rich,
mistery

neutral,
calm



coolors

coolors.co

#D2BF55

< Export & Save


http://coolors.co/

Clever color use

The digital divide

In most countries, men have better access to the internet than women

Pakistan o
has the largest gender gap The indicator shows the
P 0.7 gap between female and
. male access to the internet.

. India P':)sitiveI values indicats
Compared to other common host materials, - formale sccess e
+— Bangladesh negative values indicate

the I’litl‘idO-SﬂicateS are Vel‘y Stable H female access is greater.
0.5 The gender gap ratio is

and hence well suited for in vivo applications. calculated as (% Male

L access - % Female access) /
In Nigeria, a country with % Male access.

nearly 200 million people, 0.4
| only 7,5% of households
B has internet access

0.3
SrAl,O,:Eu,Dy I« I
2%4= -529
524, 0.2 In China, the world's largest
. country, women have better
Y,0,S:Eu,Ti,Mg I access to the Internet than men

0.1
Sr,MgSi,05:Eu,Dy 35% \

0
CaZS|5N8: Eu,Tm country population

-2% -0.1
after 2 years reference —  — ehippines —
. 0% 50% 100% of hous_eho!ds has
Storage 1n water Sample access to the internet

Source: The Economist Intelligence Unit Inclusive Internet Index 2020, A #MakeoverMonday visualization
International Telecommunication Union, Gallup World Poll by Koen Van den Eeckhout (@koen_vde)




Datawrapper

Home Contact

Search

What to consider when choosing colors for
data visualization

Welcomel!

VISUALIZATION TYPES ) . . ) )
Data Visualisation can be defined as representing numbers with shapes — and no matter

Bar Charts what these shapes look like (areas, lines, dots), they need to have a color. Sometimes
colors just make the shapes visible, sometimes they encode data or categories
themselves. We'll focus mostly on the latter in this article. But we'll also take a general look
at colors and what to consider when choosing them:

Column Charts
Line & Area Charts

Pie & Donut Charts

Scatterplots

https://academy.datawrapper.de/article/140-what-to-consider-
when-choosing-colors-for-data-visualization



https://academy.datawrapper.de/article/140-what-to-consider-when-choosing-colors-for-data-visualization

gray is the most powerful color

NOT IDEAL BETTER



Daily death tolls are still accelerating in most countries

Daily deaths with coronavirus (7-day rolling average), by number of days since 3 daily deaths first recorded

Most western countries are on tl

Algena Argentina Austria Belgium Brazil Canada China
4 000 N Ital n—u 1,000
and Singapore have limited the ,é\l\ %\ Kx ﬁ\ f\ é Z\ .
. S Korea~China /_\, 10
Cumulative number of cases, by number of "
60 O 60 O
Number of days since 3 daily dea1hs first recorded —»
Czech Rep Denmark Dom. Rep. Ecuador Egypt France Germany
1, 000 . italy 1,000
30,000 -
S Korea h'na R 10
50 0 60 0 *
Number of days since 3 daily dea1hs first recorded —»
Greece India Indonesia Iran Irag Ireland Italy
1 000 Spain < taly 1,000
100
5 Korea hme 10
60 0 60 0 i
Number of days since 3 daily deams first recorded —r
Bel Malaysra Mexico Morocco Netherlands Pakistan Panama
:g 1. 000 e Italy . 1,000
100
S Korea h'"a 10
50 0 60 0 3
Number of days since 3 daily deenhs first recorded —»
Phrhppmes Poland Portugal Romania Russia Serbia
1,000 N« Italy 1,000
100 ' 100
10 S Korea™China_ 10
5 50 0 50 0 1

Number of days since 3 daily dea1hs first recorded —»

Spain Sweden Switzerland Turkey
Number ¢ 1000 Spain

*—. [taly ,— i
FT graphic: John Burn-Murdoch / @jburnmurdoch ém*f é Z\\' Zj\ é\ é\

Source: FT analysis of Johns Hopkins University, CSSE; Wor
©FT 60 0 60 0O 60 O 60 O
FT graphh’.. John Bum Murdoch / @Jbummufdoch
Source: FT analysis of European Centre for Disease Prevention and Control; Worldometers; FT research. Data updated April 05, 19:00 GMT
©FT




use consistent colors

\ =

NOT IDEAL BETTER



‘ B GOOD

NOT IDEAL

Bl FOREST

Bl FEMALE
Hl MALE

use logical colors

BETTER

Bl FEMALE
Hl MALE



don't use gradient colors for categories

NOT IDEAL BETTER



Different types of color scales
Categorical eeeee —— different hues
Sequential ~eeee® . from Jight to dark

Diverging ee e® . qork-light - dark



dark colors = high values*

LOW POPULATION HIGH

NOT IDEAL BETTER

*on a light background



38.227.970 CONFIRMED CASES

1,000,000+ CASES
500,000+ CASES
100,000+ CASES

SOURCE: NBC NEWS | UPDATED 8/25/2021 3:09 AMET




rainbow scales can be confusing

NOT IDEAL BETTER



Helpful tools

chroma.js: a nice tool to create
a sequential color scheme

Chroma.js Color Palette Helper

This chroma.js-powered tool is here to help us mastering multi-hued, multi-stops color scales.

What kind of palette do you want to create?

Palette type: diverging | Number of colors; 10

Select and arrange input colors

crea

+ This palette is calorblind-safe.

simulate: ml deut. | prot. | trit.

Check and configure the resulting palette

correct lightness bezier interpolation

lightness saturation hue
80
80 320
60
0 310
50
40 _l_'_'_,_.—-—-—l_ 300 k__'_'_'_'_'_|_
50
250
40 20
20 o 280
20 270

chroma.js palette helper (vis4.net)

Color Brewer: a good source for
strong color schemes

Number of data classes: |3 v i

Nature of your data:

|

® sequential O diverging O qualitative

Pick a color scheme:
Multi-hue:

fiiiii

Single hue:

L]

Only show: i
D colorblind safe

[ print friendly
O photocopy safe

Context:
[ roads
D cities
borders

-

Background:
® solid color

O terrain
—

color transparency

3-class BuGn

#e5f5f9

#99d8c9
#2ca25f

@4 OE
HEX v

180d

[T

& Cynthia Brewer, Mark Harrower and The Pennsylvania State University

) souree code and feedback
Back to Flash version
Back ta ColorBrewer 1.0

{& axismaps

https://colorbrewer2.org



https://colorbrewer2.org/
https://vis4.net/palettes/#/10|s|c7c8f3,4761b5,332a5f|ffffe0,ff005e,93003a|1|1

Use diverging scales when
there's a logical ‘middle point

’

MORE MORE
REPUBLICAN DEMOCRATIC
VOTES VOTES

-20% 0% +20%

NOT IDEAL

MORE MORE
REPUBLICAN DEMOCRATIC
VOTES VOTES
-20% 0%  +20%

BETTER



...or when you want to highlight low
values or details

The internet was mostly used by the Western World in 2015

Share of individuals who have used the Internet in the last 3 months (via a computer, mobile
phone, personal digital assistant, games machine, digital TV etc.), in selected countries, 2015

B
0% 100%

m

Map: Lisa Charlotte Rost, Datawrapper « Source: Our World in Data + Get the data - Created with Datawrapper

In most African and Asian countries, less than half of the
population was using the internet in 2015.

Share of individuals who have used the Internet in the last 3 months (via a computer, mobile
phone, personal digital assistant, games machine, digital TV etc.), in selected countries, 2015

E -
0% 50% 100%

Map: Lisa Charlotte Rost, Datawrapper - Source: Our World in Data - Get the data - Created with Datawrapper




Final remarks

Population, m* 7.0m

Jews

Israel

East West
Jerusalem Bank

——

1998 2008 18 21
Forecast

Use hues to distinguish between categories,
and shades to distinguish between subcategories

East Jerusalem

1998

2008

18 21
Forecast

Population in
occupied territories,
grouped by religious
affiliation, by The
Economist (PDF)



Final remarks

« Classed scale: easier to read data
« Unclassed scale: easier to do your own interpretation

1-3% 3-5% 5-6.9% 6.9-9% 9-11% 9-14%

South Dakota and surrounding states. Left: map with six classes. Right: unclassed map.




Final remarks

« Accessibility: check whether your color scheme
is suitable for colorblind people

] =
o =
. o
= =
-l =
original deuteranomaly s =
(s 4 o
o o
= =
protanomaly tritanomaly
- !
o o
o o
= =
< <
(s 4 o
w w
- -
= =
w w
(=] (=]
original deuteranomaly
= =
o o
o o
= =
< <
protanomaly tritanomaly o &
(a4 o
o o

NOT IDEAL BETTER



Final remarks

« Read https://blog.datawrapper.de/category/color-in-data-vis/ ,
it's the ultimate source for information on color use in dataviz

— A B 2B s m

When to use quantitative
and when to use
qualitative color scales

March 16th, 2027 by Lisa Charlotte Muth 17 min

When to use sequential and
when to use diverging
color scales

March 16th, 2027 by Lisa Charlotte Muth 7 min

When to use classed and
when to use unclassed
color scales

March 16th, 2027 by Lisa Charlotte Muth 12 min

How to pick more beautiful
colors for your data
visualizations

September 4th, 2020 by Lisa Charlotte Muth 17 min

What’s it like to be

colorblind



https://blog.datawrapper.de/category/color-in-data-vis/

Q research

Results for “research”

8,721 icons

2 @ @ B ¢ &
3 @ = IO

thenounproject.com



https://thenounproject.com/

d

68%

2018

< +O
O
=
2
z

2017
2016
2015
2014
2013
2012
2011
| 2010

10 jaar minimum 2009
80% 60% 40%  20% 20% 40% 60%  80%

|

|

I

[
||

10 'jaar minimu

1
M

I



DE BELANGRIJKSTE USE GASES VOOR 3G
"~ VOLGENS TELECOM PROFESSIONALS

Autonome voertuigen

Industry 4.0 en
connected health

Verbeterde stabiliteit en lage latentie

maken toepassingen in de
gezondheidszorg, nutsvoorzieningen en

bedrijfskritische processen mogelijk.

Betere mobiele data

Snellere overdracht met minder
vertraging maakt streamen van
UHD en VR-beelden mogelijk,
maar meer antennes zullen nodig
zijn voor goede connectiviteit.

Internet of Things

5G kan enorm veel apparaten efficiént
met elkaar verbinden, maar zal
moeten opboksen tegen bestaande
systemen als Wi-Fi en ZigBee.

Vaste draadloze toegang

Fixed Wireless Access (FWA) als
alternatief voor bekabeld internet,
vooral in regio’s waar nog geen
fiber to the home bestaat.

u‘l:)-

duval unicn
bron: Informa, McKinsey ff”“ innovative marketing

* The most important use cases for 5G



TYPOGRAPHY
Typography

Typography
TYPOGRAPHY

T ypography
Jypegraphy



What is important
for a good dataviz font?



ORIGINAL REPLICATION csrures  COMBINED
COHORT COHORT ouhiues  COHORT

80% of athletes injured 80% of athletes injured 80% of athletes injured FAST-TWITCH

l / 78% injured
FAST-TWITCH
60% " 64% injured 60% 60% /
/ INTERMEDIATE (
49% injured

f INTERMEDIATE SLOW-TWITCH /
40% " 43% injured 40% 4:8% injured 40%

SLOW-TWITCH
20% 20% 20% 26% injured
SLOW-TWITCH
/ 15% injured

| | | | | | \ I \
400 800 DAYS OF 0 400 800 DAYS OF

INTERMEDIATE
43% injured

| |
400 800 DAYS OF

o
o

EXPOSURE EXPOSURE EXPOSURE




Some personal favorites

Assistant
Bahnschrift

Lato
Noto Sans
Roboto

Source Sans Pro



Google Fonts

Viewing 809 of 809 font families

Roboto [+] shiikhand [+] Open Sans [+)
Christian Robertson (12 styles) Jonny Pinhorn (1 style) Steve Matteson (10 styles)

All their Ared flair | watched the
equipment and silhouettedthe storm, so
instruments are Jjaggededgeof Dbeautiful yet
alive. a wing. terrific.

Lato [+] Prociono [+] Oswald [+)
tukasz Dziedzic (10 styles) Barry Schwartz (1 style) Vernon Adams (3 styles)

A shining crescent It was going to be a  Mist enveloped the
far beneath the lonely trip back. ship three hours out
flying vessel. from port.

fonts.google.com


http://fonts.google.com/

Font hierarchy

Lorem Ipsum Dolor

Lorem ipsum dolor sit amet, consectetuer adipiscing elit

Lorem ipsum
Dolor sit amet, consetetuer
adipiscing elit for demunt

3145 3146 3147 3148 3149 3150 3151 3152 3153 3154 3155 3156

Notes: wikipedia and census.org

Header Text

Merriweather, 22px/26px,
black

Subheader Text
Source Sans Pro, 14px/18px, regular

Callout Text
Source Sans Pro, 14px/18px, mixed

Label/Axis Text
Source Sans Pro, 14px/18px, regular

Notes/Sources Text
Source Sans Pro, 14px/18px, regular, #777




Annotations

Well-crafted titles, captions and annotations can make a visual ‘self-contained’

Average turnout for the voting eligible population in the 2006, 2010 and 2014 midterm elections.

30% turnout 40% 50%




Font size

Adapt to the situation — a presentation is different from an article, a poster or a social media post!

Changing the excitation temperature TLintensity 100,

. . (arb. units)
reveals non-first order behaviour
80
TL 455 K for higher excitation temperature:
intensity 60
decrease in TL intensity
due to lower fraction of filled traps
' 40
s shift of peak location
increasing )
o to higher temperatures
excitation 201
temperature
30°C .
300 350 400 450 500 550
temperature (K)

350 400 450 500 550
temperature (K) higher order kinetics or
multiple traps are required

Figure 5.19: TL intensity of CaAl,O,:Eu,Nd for various excitation tempera-
tures, T, as indicated. Samples were excited at T,,. by 365 nm
light for 60 s. The TL measurement started 5 s after the excitation

to describe the TL behaviour at a heating rate of 5 K/s.

e®® OO0 0O



Visualizing uncertainty



mean butterfat contents
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Friesian



“dynamite” plot

500 — 500 —
.
H
400 — 400 — °
°
°
°
H
300 300 .
°
¢ . o ee®eee
200 — 200 : 0%e%¢®
° °
i seee
100 — 100 —
0 0
A B C D A B C D

http://biostat.mc.vanderbilt.edu/wiki/Main/DynamitePlots



http://biostat.mc.vanderbilt.edu/wiki/Main/DynamitePlots

Study Participants by Age Study Participants by Age

90 years old 90 years old
Box plots make
80 the two groups 80
ook almost .
70 identical... 70 .
‘___‘./ ::1-
60 60 :
-t
20 50 ':j
s
40 40 'l":
':.f-.
30 30 o
“u
20 20 -
.
10 10
0 0
Test Control Test
group group group

I’ve Stopped Using Box Plots. Should You? | Nightingale (nightingaledvs.com)

ry

%

e

W but they

'i_' definitely
aren't

P

ru

e

Control
group


https://nightingaledvs.com/ive-stopped-using-box-plots-should-you/
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100 -

80
60

This looks 40
lfke a small
quantity... ,

1

0

90 to <100
80 to <90
70 to <80
60 to <70
50 to <60
40 to <50
30 to <40
20 to <30
10 to <20

0 to <10

but it’s
actually

large :~(

=

10

20



Student Test Scores by Class Student Test Scores by Class

100% (test score) 100% (test score)
- m o 1 m B
w . oo s =
70% . 70% .
60% 60%
50% 50%
Mrs. Majab's  Mr. Monroe's  Mr. Ortiz's Mrs. Najab’s Mr. Monroe's  Mr. Ortiz's
class class class class class class

I’ve Stopped Using Box Plots. Should You? | Nightingale (nightingaledvs.com)



https://nightingaledvs.com/ive-stopped-using-box-plots-should-you/
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Stephen Curry

GOLDEN STATE
POINT GUARD
27 YEARS 0OLD

WEIGHTED AVERAGE OF

WARRIORS

PAST THREE SEASONS @ Bap O avG. @ GOOD
PERCENTILE

VITALS 50TH

Height 6'3" @

Weight | 185 L ]

Draft position | 7 | .-

SCORING

True shooting % B2%

Free throw % | 90% L

Usage % | 28%

WINS ABOVE REPLACEMENT PROJECTION

90TH=

10TH=

CONFIDENCE INTERVAL

CATEGORY: MUP CANDIDATE +essseses PROJECTION
20
16| 8
.. 1487
13.9 oo ll |
ks .‘.ia,a 1204
11.2 ... 0
®,.10.0
e | .0 4o )
‘®... BL 2
..."'-..
5 | .
0
2013 14 ‘15 gs '1y 1§ b Ygo gl a2

PERFORMANCE OF THE

https://flowingdata.com/2018/01/08/visualizing-the-uncertainty-in-data/

10 MOST COMPARABLE PLAYERS



https://flowingdata.com/2018/01/08/visualizing-the-uncertainty-in-data/

US mean rating

Switzerland I—i-:—l—_l—l—l

I
I

Canada L ————|
I

Austria I—_I_—|—|
I
I

Be|gium e — ) |

confidence level

Peru e — ey ————| I
! 80% 95% 99%

1050 -0.25 0.00 0.25
difference in mean rating

https://clauswilke.com/dataviz/visualizing-uncertainty.html



https://clauswilke.com/dataviz/visualizing-uncertainty.html

a : b
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https://clauswilke.com/dataviz/visualizing-uncertainty.html



https://clauswilke.com/dataviz/visualizing-uncertainty.html

LAST UPDATED AT 9:19 PM ET Median estimate:
271 delegates

|
Donald J. Trump bR (R CUCOU0E
157 delegates
1
Ted Cruz (T
106 delegates
|
Marco Rubio (e
24 delegates
|

John Kasich (@ g
12 delegates

Ben Carson  (( :{@

https://flowingdata.com/2018/01/08/visualizing-the-uncertainty-in-data/



https://flowingdata.com/2018/01/08/visualizing-the-uncertainty-in-data/

Akkervogels volgens de Algemene
Broedvogelmonitoring Vlaanderen

Publicatiedatum: 2022-03-24T10:00:00+01:00

De scorten van het landbouwgebied schommelden in de periode 2007-2012. Na een sterke daling in de periode
2013-2078, lijken de aantallen sinds 2019 heel langzaam wat te herstellen, maar ze bevinden zich nog ruim onder
die van de start van het ABV-project in 2007.

broedvogels van het landbouwgebied

504 —

-10% -

procentuele wijziging t.o.v. referentieperiode

-20% —

| I I I
2010 2014 2018 2022

geselecteerd referentiejaar: 2007

| | | | | | | | | | | | |
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 .
Akkervogels volgens de Algemene Broedvogelmonitoring

Gebruikte drempelwaarden classificatie: referentie = 0%, ondergrens = -6.6% en bovengrens = +7.0%. Vlaanderen | Instituut voor Natuur- en Bosonderzoek



https://www.vlaanderen.be/inbo/indicatoren/akkervogels-volgens-de-algemene-broedvogelmonitoring-vlaanderen

Percent Change in Gross Domestic Product (GDP), Year over Year

2006 2008 2010 2012
Prior bank estimates of growth : Projected growth
-« >

Published data

In any future
three-month
period, the
percent change
in GDP should
lie somewhere
in the red
shaded area

on 90 out of
100 occasions.




Fan Chart (Time Series)

1000 -
800 _
600 -

400 -

Also called: fan graph

A fan chartis a chart that joins a line graph for observed past
data, and a range area chart for future predictions.

Predictions are shown as ranges for possible values of future
data together with a line showing a central estimate or most
likely value for the future outcomes. As predictions become
increasingly uncertain the further into the future one goes,
these forecast ranges spread out, creating distinctive wedge or
“fan” shapes, hence the term. Alternative forms of the chart
can also include uncertainty for past data, such as preliminary
data that is subject to revision.

Read more about fan charts here

EXAMPLES

B e T

P gy e iy e

L e e P S S—

s

Bt Sw  wed  Nes e el e e

FAMILY

Plot
FUNCTION
Trend over time

SHAPE

1 |30 28




Thank you!

All the slides and all the links:

https://baryon.be/dataviz-resources

Koen Van den Eeckhout - koen@baryon.be - @koen_vde



https://baryon.be/dataviz-resources
mailto:koen@baryon.be
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