Effective Data Visualization

How to design impactful and aesthetically pleasing charts

Dr. Cédric Scherer
bespokeDS | September 28t 2020
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Scientist by ©&

— population and community dynamics, movement ecology, wildlife diseases i .
e Ph.D.in Ecology HE
e PostDoc in Computational Ecology :
@ Leibniz Insititute for Zoo and Wildlife Research (IZW) :.:; H
DataViz Designer by O B SRR
—analysist, designer, consultant, lecturer .' -
e Freelancing Data Visualization Specialist ' 2 :
e PostDoc in Computational Ecology i :
e Data Challenges and Personal Projects N

#TidyTuesday, #30DayMapChallenge, #MakeoverMonday, #SWDchallenge
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Data Visualizations for Scientific Publications & Talks
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Data Visualizations for Client Projects

Venture Capltal Investment Map Do you agree with the following statement?
Raised Funds in the United States from 1994 to 2014 “The price of banking services will fall.”

1007 | entirely disagree
| partly disagree

| partly agree

Data: Crunchbase.com Source: FrontPageData.com 2013 2014 2015 2016 2017

Ich bin bei diesen Betrieben bereit auf eine Riickerstattung zu verzichten.
(Mehrfacha hl m ch)
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Data Visualizations as Challenge Contributions
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Data Visualization

is any graphical representation
of information and data.



Data Visualization

Is part art and part science.

Claus 0. Wilke, "Fundamentals of Data Visualization”
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https://www.bial-r.com/2020/01/21/dataviz-quelle-valeur-ajoutee-pour-un-projet-big-data/
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https://www.studioterp.nl/a-view-on-despair-a-datavisualization-project-by-studio-terp/
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A View on Despair by Sonja Kuijpers/STUDIO TERP

Each element represents a person who
committed suicide in the Netherlands in 2011.
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https://www.studioterp.nl/a-view-on-despair-a-datavisualization-project-by-studio-terp/
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https://en.wikipedia.org/wiki/Charles_Joseph_Minard#The_map_of_Napoleon%27s_Russian_campaign

Carte figurative des pertes successives en hommes de I'Armée Frangaise dans la campagne de Russie 1812-1813 and

Carte figurative des pertes successives en hommes de 'Armée qu'Annibal conduisit d'Fspagne en Italie en traversant les Gaules (selon Polybe) by Charles Joseph Minard

o displays the progress of the troops of Hannibal (218 BC) and Napoleon (1812-1813) in the form of a stream

e often considered as the best statistical graphic ever drawn



https://en.wikipedia.org/wiki/Charles_Joseph_Minard#The_map_of_Napoleon%27s_Russian_campaign
https://patrimoine.enpc.fr/document/ENPC01_Fol_10975?image=54#bibnum

What Makes It a
Bad Data Visualization

— Aesthetic problems (bad design)
— Substantive problems (bad data)

— Perceptual problems (bad perception)



What Makes It a
Good Data Visualization

— Information (Integrity)
— Story (Interestingness)
— Goal (Usefulness)

— Visual Form (Beauty)






INFORMATION

Understand your data and be accurate




How to Steer Clear of Common Blunders When Working
with Data and Presenting Analysis and Visualizations

BEN JONES

Founder and CED, Data Literacy Wl LEY




Our data is never a perfect
reflection of the real world.




Choose a Borough

Where are New York's rats? O

About Maps

2010 2014 2015 2016 2017

o N AN

DATA SOURCE: NYC Open Data | DESIGNED BY: Andy Kriebel @VizWizBI




CHODSE SET OF BIKE ACCIDENTS

«/ ALLBIKEACCIDENTS | ACCIDENTSONROADS ACCIDENTS ON BICYCLE INFRASTRUCTURE

NUMBER OF BIKE ACCIDENTS

30 OR MORE
I 257029
207024
157019
1070 14
5709
1704

NO ACCIDENTS IN 2019

Leaflet | © OpenStreetMap contributors @ CARTO




The best use of data is to
teach us what isn't true.







STORY

Be clear about the message of your visualization




Who is my audience?

What am | trying to achieve with the visualization?




Warming Stripes by Fd Hawkins


https://showyourstripes.info/

Global temperature change (1850-2019)

1860 1890 1920 1950 1980 2010

Warming Stripes by Fd Hawkins


https://showyourstripes.info/

Talk Adore
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Sony Music Song Posters


https://www.visualcinnamon.com/2020/06/sony-music-data-art
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6. Padalka

Travelling to Outer Space

Cumulative time in outer space for all 565 cosmonauts
and astronauts who participated in space missions
between April 23,1961 an January 15, 2020, sorted by
the year of their first mission.
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BILL DIMENSIONS OF BRUSH-TAILED PENGUINS

Pygoscelis adéliae (Adélie penguin) + P. antarctica (Chinstrap penguin) + P. papua (Gentoo penguin)

A. Scatterplot of bill length versus bill depth (median +/- sd)
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https://raw.githubusercontent.com/Z3tt/TidyTuesday/master/plots/2020_29/2020_29_Astronauts_blur_color.png
https://raw.githubusercontent.com/Z3tt/TidyTuesday/master/plots/2020_31/2020_31_PalmerPenguins.png
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https://thecorrespondent.com/664/how-maps-in-the-media-make-us-more-negative-about-migrants/738023272448-bac255ba
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https://thecorrespondent.com/664/how-maps-in-the-media-make-us-more-negative-about-migrants/738023272448-bac255ba
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sea has been decreasing for years
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https://thecorrespondent.com/664/how-maps-in-the-media-make-us-more-negative-about-migrants/738023272448-bac255ba

GOAL

Select charts that successfully transport your story




Data visualizations map values into
quantifiable features (aesthetics)

Length (aligned)

A
Accurate ‘ |

Peter Aldhous based on experiments by William Cleveland and Robert McGill



https://paldhous.github.io/ucb/2019/dataviz/week2.html
https://courses.ischool.berkeley.edu/i247/f05/readings/Cleveland_GraphicalPerception_Science85.pdf

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

Burnt land and plume of smoke caused

hy the Australian bushfires in 2019/20
(as of 6t of January 2020)

63,000 km?

Area hurnt

5,500,000 km*

Area covered with smoke




5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

Burnt land and plume of smoke caused

hy the Australian bushfires in 2019/20
(as of 6t of January 2020)
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Burnt Land and Plume of Smoke Caused
by the Australian Bushfires in 2019/20
in Comparison to European Countries
An area of bush, forest and parks larger than Latvia have been burned
during a series of massive bushfires across Australia. Thick smoke
covering about the area of Denmark (incl. Greenland and the Faroe

Islands), France, Spain, Sweden, Norway, Germany, Finland, Poland & Italy
has started drifting over the Pacific Ocean towards New Zealand.

Status: 6th of January 2020

Visualization by Cédric Scherer - Data by NASA FIRMS & The Independent

Area covered with smoke

#TidyTuesday contribution Week 2020/02



https://raw.githubusercontent.com/Z3tt/TidyTuesday/master/plots/2020_02/2020_02_AustralianFires.png

Not my cup of coffee...

Each dot depicts one coffee bean rated by Coffee Quality Institute's
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VISUAL FORM

Follow design rules and data visualization principles




Colors

and Common Pitfalls



Color Choice & Accessibility

What to consider when choosing colors for data visualization by Lisa Charlotte Rost/DataWrapper


https://blog.datawrapper.de/colors/

Color Choice & Accessibility

\ =

What to consider when choosing colors for data visualization by Lisa Charlotte Rost/DataWrapper



https://blog.datawrapper.de/colors/

Color Choice & Accessibility

What to consider when choosing colors for data visualization by Lisa Charlotte Rost/DataWrapper



https://blog.datawrapper.de/colors/

Journals & Magazines = IEEE Computer Graphics and Ap... = Volume: 27 Issue: 2 9

Rainbow Color Map (Still) Considered Harmful
Publisher: IEEE

m David Borland ; Russell M. Taylor li  View All Authors
172 3 9091

Medical Physics

Citations Citations Text Views
IMed Phys. 2015 Jun; 42(6): 2942-2954. PMCID: PMC5148121
Published online 2015 May 20. doi: 10.1118/1.4921125 PMID: 26127048
Effect of color visualization and display hardware on the visual assessment
of pseudocolor medical images
Silvina Zabala-Travers, Mina Choi, Wei-Chung_Cheng, and Aldo Badano®
10 March 2017

Interpretation of the rainbow color scale for
quantitative medical imaging: perceptually linear
color calibration (CSDF) versus DICOM GSDF

Frédérigue Chesterman; Hannah Manssens: Céline Morel; Guillaume Serrell: Bastian Piepers; Tom Kimpe



Estimated fraction of precipitation
lost to evapotranspiration 1971-2000
[ Joo-o09 [ 05-056 I 10-1.09
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FIGITRE 13, Estimated Mean Annual Ratio of Actunl Evapotranspiration (ET) to Precipitation (P for the Conterminous 1.8, for the Period
197 1-00000), Estimuates are hased on the regression equation in Table 1 that inchsdes lund cover, Caleulations of ET/P were made first ak the

A0 rescduthon of the PRISM climate data. The mean valiaes for the countied Tehown b were Ui caleulated by avermging the S00-m valies
within each mounty. Arcas with froctions =1 are agricultural counties that either import surfnee water or mine deep groundwater.

Source: eagereyes.org/basicss/rainbow-color-map
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Estimated fraction of precipitation
lost to evapotranspiration 1971-2000
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FIGITRE 13, Estimated Mean Annual Ratio of Actunl Evapotranspiration (ET) to Precipitation (P for the Conterminous 1.8, for the Period
197 1-00000), Estimuates are hased on the regression equation in Table 1 that inchsdes lund cover, Caleulations of ET/P were made first ak the

A0 rescduthon of the PRISM climate data. The mean valiaes for the countied Tehown b were Ui caleulated by avermging the S00-m valies
within each mounty. Arcas with froctions =1 are agricultural counties that either import surfnee water or mine deep groundwater.

Modlified from eagereyes.org/basicss/rainbow-color-map




true-colour Phil

Source: fabiocrameri.ch/batlow



rainbow Phil batlow Phil
is distorted is flawless

Source: fabiocrameri.ch/batlow



Color Choice & Accessibility

Choose color-blind friendly palettes:
projects.susielu.com/viz-palette

Test your final visualization:
color-blindness.com/coblis-color-blindness-simulator

Create a CVD-version of your ggplot in R:
github.com/clauswilke/colorblindr


https://projects.susielu.com/viz-palette
https://color-blindness.com/coblis-color-blindness-simulator
https://github.com/clauswilke/colorblindr

Color Choice & Accessibility

ndcolor s

VIZ PALETTE e-=gpes COLORS IN ACTION

Charts made with Semiotic

pI C K Color Population: Mo Color Deficlency - 267 Deuteranomaly - 2.7% Protanomaly - 0.66% Protanopia - 0.59% Deuteranopia - 0.56% Sreyscale

Use Chroma.js

Add Sample font

Use Colorgorical

Use ColorBrewer

E D I-I- 1@ #9700 & EY
2@ #tibide & *
75 & x
7 Colors -
s & %
Ad 5 & x
® #hex  Orgb & @ #ga0zar 2 %
hel 7 @ woooon £ *
# String quotes
G ET Object with metadata
[-#ffd7ee",
“sffbide”,
. "#faB775",
® £hax rgb “5easfad"
hel “ged34bs5”,
) “#9dezd7",
“egeeRfi”] r

projects.susielu.com/viz-palette



https://projects.susielu.com/viz-palette
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The Choice of the Font(s)

The font(s) should fit the topic and audience - context matters.
Avoid fancy fonts and squiggeled letters.
Use ways to visualize hierarchy.

Avoid using ALL CAPS.

Use amonospaced font with lining for numbers.



The Choice of the Font(s)

The font(s) should fit the topic and audience - context matters.
Avoid fancy fonts and squiggeled letters.

Use ways to visualize hierarchy.

Avoid using ALL CAPS.

Use amonospaced font with lining for numbers.

Consistency is key!



How to Visualize Hierarchy

| am important!

| am important, too!

Oh, hi there. Thanks for reading me...



How to Visualize Hierarchy

| am important!

| am important, too!
Oh, hi there. Thanks for reading me...

Yeah, | know | am kinda boring. Sorry.
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| am important, too!



How to Visualize Hierarchy

| am important!
| am important, too!

Oh, hi there. Thanks for reading me...
Yeah, | know | am kinda boring. Sorry.



How to Visualize Hierarchy

| am important!
| am important, too!

Oh, hi there. Thanks for reading me...
Yeah, I know I am kinda boring. Sorry.



How to Visualize Hierarchy

| am important!

| am important, too!

Oh, hi there. Thanks for reading me...
Yeah, I know I am kinda boring. Sorry.



How to Visualize Hierarchy

| am important!

I am important, too.

Oh, hi there. Thanks for reading me...
Yeah, I know I am kinda boring. Sorry.



Keep it Simple

Using lots of fonts
can make for a design

that is cluttered,

ovencomplicaled,

AND JUST NOT VERY NICE

Source: canva.com

But if you just use

a small selection,
you can keep your
design cleaner, clearer
and just much easier
to digest
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The 1I1 Test

Calibri
Open Sans
Roboto

Avenir Next Condensed

Lato
Oswald
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111

11l
111

Bitter

Monda
Chivo

Fira Sans

Noto Sans
Bahnschrift



Tabular (Monospaced) Numbers

321 5 ﬁi Montserrat
proportional numbers
32154 =
tabular numbers
2154
tabular numbers

So
urce: TiChoosing Fonts for Your Data Visualization by ffany France onviaedium.com


https://medium.com/nightingale/choosing-a-font-for-your-data-visualization-2ed37afea637
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Modified from Fundamentals of Data Visualization by Claus Wilke
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https://clauswilke.com/dataviz/
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Use Annotations
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Use Annotations

Weekend gross in million USD of popular blockbusters Weekend gross in million USD of popular blockbusters
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0 Overview

CEDRIC SCHERER

Computational Ecology & Data Visualization

13m a computational ecologist by desi
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https://github.com/Z3tt
https://cedricscherer.netlify.com/

CEDRIC SCHERER BLOG ABOUTME PUBLICATIONS  VISUALIZATIONS

Last update: 2019-11-01

INTRODUCTORY WORDS

Begin of 2016, I had to prepare my PhD introductory talk and I started using (ggplotz) to
visualize my data since I never liked the syntax and style of base plots in R. Because I was
short on time, I plotted these figures by try’n’error and with the help of lots of googling.
The resource I came always back to was a blog entry called Beautiful plo

cheatshe oss, posted on 4. August 2014, updated last in January 2016.

After giving the talk which contained some quite beautiful plots thanks to the blog post, I

decided to go through this tutorial step-by-step. I learned so much from it and directly
started modifying the codes and over the time I added some additional code snippets,

chart types and resources.

Since the blog entry by Zev Ross was not updated for some years, I hosted the updated
version on my GitHub. Now it finds its proper place on this homepage! (Plus I added some
updates, for example the fantastic ter ) and packages. And pie charts

because everyone looooves pie charts!)

‘Some exemplary plots included in this tutorial.

LINKS

CEDRIC SCHERER BLOG ABOUTME PUBLICATIONS VISUALIZATIONS

(oamviz) (TUTORL) (AMMATIONS ) (GGPLOTEVOLUTION) (R) (GéPLOT2) (TIOVVERSE) (TIDYTUESDAY)

THE EVOLUTION OF A GGPLOT CEP. 1)

POSTED BY CEDRIC ON FRIDAY, MAY (7,208 @ .~/ . <

The Evolution of a ggplot
Europe- _[D_
North America - —‘ | '_

South America -

Oceania -

Africa -

« B2 Aim of this Tutorial

Let The Plot

W Bonus: Add a Tile Map as
« & The Final

for Final Plot

n versus Median

AIMOF THIS TUTORIAL

In this series of blog posts, I aim to show you how to turn a default ggplot into a plot that
visualizes information in an appealing and easily understandable way. The goal of each
blog post is to provide a step-by-step tutorial explaining how my visualization have
evolved from a typical basic ggplot. All plots are going to be created with 100%

and 0% Inkscape.

In the first episode, I transform a basic boxplot into a colorful and self-explanatory

combination of a jittered dot strip plot and a lollipop plot. I am going to use

LINKS




Hands-On Coding

Year-over-year percent change in spending by essential category
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https://z3tt.github.io/bespokeDS/docs/workshop_jpm/workshop_jpm.html
https://z3tt.github.io/bespokeDS/docs/workshop_ddh/workshop_ddh.html

z3tt.github.io/bespokeDS



https://z3tt.github.io/bespokeDS

