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Plan for today

Why visualize data?
Types of visualizations
Aesthetics and design

How do | do all this?



talks.andrewheiss.com/wcnpd18



Why visualize data?



Theories are only stories
until you have some data.

Data alone cannot tell
stories or prove theories.




X Yy X Yy X Yy X Yy

10 8,04 10 9,14 10 7,46 8 6,58

8 6,95 8 8,14 8 6,77 8 5,76

13 7,58 13 8,74 13 12,74 8 7,71

9 8,81 9 8,77 9 7,11 8 8,84

11 8,33 11 9,26 11 7,81 8 8,47

14 9,96 14 8,1 14 8,84 8 7,04

6 7,24 6 6,13 6 6,08 8 5,25

4 4,26 4 3,1 4 5,39 15 12,5

12 10,84 12 9,13 12 8,15 8 5,56

7 4,82 7 7,26 7 6,42 8 7,91

5 5,68 5 4,74 5 5,73 8 6,89

SUM 99,00 82,51 99,00 82,51 99,00 82,50 99,00 82,51
AVG 9,00 7,50 9,00 7,50 9,00 7,50 9,00 7,50
STDEV 3,32 2,03 3,32 2,03 3,32 2,03 3,32 2,03






Never trust summary statistics alone

100

40

20

.0 %e
* 9 .
.. ‘.. L
K "
S g v 2.
L o ® . %
° TN N .
Cecee e* ° - 2
. o AL 5..
0. o‘.:.’ e
e ® o* .0 e
® o000 '
.. LN J
.dza’“

:5..oogooo

20 40 60 80 100

X Mean:
Y Mean:
: 1b,
* Z2h
.0642526

X S
X s
LOFEL

56
. 831394949

41

26509224

1649829
9342120



frontiers in REVIEW ARTICLE %
published: 22 August
NEUROSCIENCE doi: 10.338%/fnins Zr..?;'d 00265

Superior pattern processing is the essence of the evolved
human brain

Mark P Mattson™**

' Labaratory of Neurasciences, National Institute on Aging Intramural Research Program, Baltimore, MD, USA
 Departrmant of Neuroscience, Johns Hopkins Univarsity Schoal of Medicine, Baltimors, MO, USA

Edited by: Humans have long pondered the nature of their mind/brain and, particularly why its
. Michael 'f"""'iﬂms; Drexal capacities for reasoning, communication and abstract thought are far superior to other
Linm it \'_’I . . . . . . . .

University, US species, including closely related anthropoids. This article considers superior pattern




Intercept

Crackdown (yes)

Issue (humanitarian)

Funding (private)

Crackdown x Issue

Crackdown x Funding

Issue x Funding

Crackdown x Issue x Funding

Prior favorability towards humanitarian NGOs

Give to charity once a month-once a year

Give to charity at least once a month

Volunteered in past year

Follow current political evens often

Liberal political views

Bachelor's degree or higher

Attend religious services at least once a month

m
20.207
(1.597)

3.797

(2.254)

(2)
20.641

(2.239)

2,636
(3.055)
-0.993
(3.094)

2418
(4.366)

)
22,033
(3.049)
-2.692
(4.337)
-4.030
(4.312)
-2.867
(4.444)
15.090
(5.969)
10.831
(6.274)
6.595
(6.013)
-25.544
(8.628)

(4)
4.32
(4.51
3.17

(210

1.22
(3.69
8.65
(3.18
7.43
(3.68
5.

2.2
2.8
(2.7
8.2
@
2.
.2

(5) (6)

Crackdown (yes)

Issue (humanitarian)

Funding (private)

Crackdown = Issue

Crackdown * Funding

Issue x Funding

Crackdown = Issue x Funding

-60

Prior favorability towards humanitarian NGOs
Give to charity once a month-once a year
Give to charity at least once a month
Volunteered in past year

Follow current political evens often

Liberal political views

Bachelor's degree or higher

Attend religious services at least once a month

Income $50,000 or higher

Age 35 or higher

O s u sl s = =
[

-40  -20 20 40 -10 0 10 20

Posterior median estimate + 90% credible interval

- Basic model - Full model

90% credible intervals shown in black. Solid vertical line = median; dotted vertical line = 0

9.817
(2.696)

9.833 9.230
(2.724) (2.796)
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The War Of 1 81 2 (the European one)

Long distance!
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The War Of 1 81 2 (the European one)

Very cold!
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The War Of 1 81 2 (the European one)

Very sad!

Napoleon’s Grande Armée

= Died = Survived
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Characteristics of graphical excellence

1. “... the well-designed presentation of interesting
data—a matter of substance, statistics, and design.”

2. Complex ideas communicated with
clarity, precision, and efficiency.

3. That which gives the viewer the greatest

number of ideas in the shortest time with
the least ink in the smallest space.

4. Nearly always multivariate.

5. Requires telling the truth about the data.



What makes Minard's graph so great?

InkData

Data:Ink ratio =
InkTotal



“YOUR SCIENTISTS WERE SO PREU CUPIED WITH WHETHER
THEY|COULD THEY DIDNFFSTOP T0 THINK IF THEY SHOULD e

-DR IAN MALCOLM




(f) Distribution of Genus

® Geobacter

® Gloeobacter
® Haliangium

® Heliobacterium
® Hemetosiphon
® Isosphaera

® Ktedonobacter
® Leadbetterella
9 Leptospira

® Leptothrix

® Lyngbya

2 Maanetosoirillum @ Nitrosomonas

,z

" Acaryochloris @ Aromatoleum

@ Carboxydothermu @ pesulfarculus

@ Achromobacter @ Arthrospira @ Caulobacter @ Desulfatibacillun

® Acidiphiium @ Azoarcus @ Chitinophaga @ Dosulfitobacterit

‘ @ Acidobacterium @ Bacillus @ Chiorobaculum @ Desulfobacteriur

@ Acidovorax @ Bacteroides @ Chlorobium @ Desulfococcus

— @ Acinetobacter @ Bordetella @ Chioroflexus @ Desulfotomacult
__—’_-';’"-—'é @ Albidiferax ® Bradyrhizobium @ Chthoniobacter @ Desulfovibrio

= ‘% @ Aigoriphagus @ Burkholderia & Clostridium @ Dosulfuromonas
" @ Akalilimnicola @ Caldanaerobacter @ Cupriavidus @ Dictyoglomus
@ Allochromatium @ Caldicellulosiruptor @ Cyanothece @ Dyadobacter

' Methylacidiphilum @ Nodularia
@ Methylibium ® Nostoc
@ Methylobacterium @ Opitutus
@ Methylococcus

® Microcoleus ® Oscillochloris
@ Microcystis @ Pacnibacillus
@ Microscilla ® Pedobacter

® Moorella @ Pedosphaera

@ Mycobacterium
® Myxococcus

@ Nitrosococcus @ Pirollula

® Ammonifex
@ Anabaena

@ Oscillatoria

® Pelobacter
@ Pelotomaculum @ Rubrobacter

@ Planctnmurne M Cidarmviidanc

@ Pseudomonas ® Sphingomonas
® Ralstonia @ Spirochaeta

@ Rhizobium @ Spirosoma

@ Rhodopireliula @ Stigmatelia

@ Rhodopseudomc® Streptomyces

® Rhodospirillum ® Symbiobacterium
® Rhodothermus '@ Synechococcus

@ Roseiflexus @ Synechocystis

® Roseomonas @ Syntrophobacter
@ Syntrophus

® Shewanella @ Thermaerobacter
@ Thermincola

@ Candidatus Accumulib® Cytophaga
@ Candidatus Desulforuc® Dechloromonas @ Frankia

@ Anzerolinea @ Candidatus Koribacter@ Dehalococcoides @ Gemmata
@ Anaeromyxobacll Candidatus Solibacter @ Deinococcus

@ Flavobacterium

® Geobacillus

@ Thermodesulfovibrio
@ Thermomicrobium

@ Thermosinus

® Thermosynechococcus

Thermotoga
it » @ Xanthomor
® Thermus

: @ unclassifie
@ Thioalkalivibrio  from Bacte
@ Thiobacillus @ ynclassifie
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@ Truepera Deltaprotec
@ Variovorax Other
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f}{_‘CHANGING FACE OF AMERICA

N Percent of total U S: populatlon by race and ethmcuy 1960-2060

2060
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How Prison Works it

Recidivism Rate of Prisoners
Released in 1994

ALL RELEASED
PRISONERS
67.5%

VIOLENT
OFFENSES

PUBLIC-ORDER
OFFENSES

Based 00 a study tracking
272,111 prnsoners in 15 states
Source: U.S, Department of Justice Statistics

Reentry Trends In the United States



Summer Olympic Medal Count*

Gun deaths in Florida (Up to August 2004)

Number of murders committed using firearms
0

200

2005
Florida enacted

i its ‘Stand Your

Ground’ law

600

4. France ’ 523
5. Gemanyw 499

;73 “This medal count was based on the records of Agence France-Press

800

News service and may vary from ofher accounts. Initaly, the
Imermational Olympic Commitiee fromned upon national medal counts

1,000

1990s | 2000s 12010s end early reports are ncomplete. In fact, from 1896 1% 1905, athletes
registered a5 indwi ommon
Source: Florida Department of Law Enforcement n:mmd;hﬁgm,!msmum MEESSE by oo

C.Chan 16/02/2014 £ REUTERS




Types of visualizations



Exploratory visualizations

Academic-ish
Quick scatterplots, histograms, other
charts to help understand your data

Explanatory visualizations

Publishable
Consumable by the general public; Vox, NYT,
Washington Post, FiveThirtyEight, etc.



Exploratory Ml Explanatory

Visualise

7

Import — Tidy — Transform —— Communicate

‘\ Model

Explore

Program



Exploratory data analysis

Visualize every variable individually

0.0-

resp

24

Variable

Details

Amount hypothetically
donated (%)
Gender

Age

Income

.
]

Median: 10 | Mean: 22115 | Std. Dev.: 25.56

Female (297; 54.4%) | Male (246; 451%) |
Other (1; 0.2%) | Prefer not to say (2; 0.4%)

Under 18 (1;0.2%) | 18 - 24 (47; 8.6%) | 25-
34 (214;39.2%) | 35 - 44 (131; 24.0%) | 45 -
54 (92;16.8%) | 55- 64 (44; 81%) | 65-74
(16:2.9%) | 75 - 84 (1; 0.2%)

Less than $10,000 (35; 6.4%) | $10,000 -
$19,999 (43;7.9%) | $20,000 - $29,999 (51;
93%) 1$30.000 - $39.999 (81: 14.8%) |




Exploratory data analysis

Visualize relationships between each variable

¢
0.0




Explanatory

data analysis

Annotate and
tell a story

Republicans Shift to the Right, Democrats to the Left

Distribution of Republicans and Democrats on a 10-item scale of political values

1994

MEDIAN

Democrat

Consistently
liberal

70% of
Democrats

Consistently
liberal

64% of
Republicans

Consistently
conservative

MEDIAN
Republican

Consistently

Consistently
Conservative

2004

MEDIAN
Democrat

Consistently
liberal conservative

MEDIAN
Republican

68% of
Democrats

Consistently Consistently
liberal conservative

Source: 2014 Political Polarization in the American Public.
Notes: [deological consistency based on a scale of 10 political values questions (see Appendix A). Republicans include Republicandeaning
independents; Democrats include Democratic-leaning independents (see Appendix B).

PEW RESEARCH CENTER

2014

MEDIAN
Democrat

92% of
Republicans

are more
conservative
than the median
Democrat

Consistently Consistently
liberal conservative

MEDIAN
Republican

94% of
Democrats

are more
liberal than
the median
Republican

Consistently Consistently
liberal conservative



Perceptions of Probability

Explanatory

Almost Certainly

d I - Highly Likely
ata ana VSIS Very Good Chance
Probable

Likely

AnnOtate and We Believe

Probably

Better Than Even

te” a StOry About Even
We Doubt

Improbable

Unlikely
Probably Not
Little Chance

Almost No Chance
Highly Unlikely
Chances Are Slight

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Assigned Probability

created by /u/zonination



Which chart type do | use?

datavizcatalogue.com



Dataviz gotchas: multiple y-axes

Spelling Bee winning word

15 letters

10 letters

5 letters

1999

1999

Letters in Winning Word of Scripps National Spelling Bee

2000

2000

correlates with

Number of people killed by venomous spiders

Correlation: 80.57% (r=0.8057)

2001 2002 2003 2004

2001 2002 2003 2004

-8~ Number of people killed by venomous spiders

2005 2006 2007

2005 2006 2007

-+~ Spelling Bee winning word

2008

2008

2009

2009

quinN

15 deaths

10 deaths

5 deaths

0 deaths

sJapids snowouan Aq paj| 3|doad jo Ja

tylervigen.com



Dataviz gotchas: multiple y-axes

Conception Risk

0.10 6
x
0.08 - S
4
0.06 - > E B
4§ & 5
@ o
0.04 - 5 3 ’
L 3 (&) < _
aie ) § Eo Tier 1
- - E’ Act Tier 2
000 Conception Risk -2 3 = Watch List
.00 - —e— Political Conservatism a = Tier 3
T T T T T T T T T v v 1

2 4 6 8 10 12 14 16 18 20 22 24 26 28
Menstrual Cycle Day

Partial criminalization Full criminalization

; ; _—
2000 2005 2010
2000 2005 2010

2015
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Dataviz gotchas: multiple y-axes

It's okay if both axes measure the same thing

0% 20% 40%

Partner with domestic NGOs

Maintain a physical office staffed Py
primarily by people from target_country

Maintain a physical office staffed ®
primarily by foreigners

Provide funding to domestic NGOs =~ =eil)

0 100 200 300

Times selected



Percent of the time

100.0

99.5

99.0

98.5

98.0

Is truncating the Y-axis misleading?

NO

Dataviz gotchas:
truncated y-axes




Truncation is okay sometimes!

..when small movements matter

US GDP US GDP

$16 trillion $15.00 trillion
12 14.75

8 14.50

4 14.25

0 14.00

‘08 ‘09 10



Truncation is okay sometimes!

..when zero values are impossible

Oral temperature Oral temperature
W Sara M Bob B Sara B Bob
1000 100.5°
99.5
75
98.5
50
975
25 96.5
0 95.5

9am 10am 11am 12pm 1pm 2pm 3pm 4pm 5pm 6pm 9am 10am 1lam 12pm 1pm 2pm 3pm 4pm Spm 6pm



Truncation is okay sometimes!

..but never on bar charts!

0 BA MACA H E E N R 0 L L M E N T gnl(jg ;ﬁsﬁﬁnct aliaGn:’SCHOOL GRADUATION

RATE IS THE HIGHEST IT'S EVER BEEN

AVERAGED FRESHMEN GRA

TRADUATION RATE
81%
80%

DIVERGEN S&PFUT A 10.50 2007-08 2008-09 2009-10 2010-1 2011-12

MARCH 31
MARCH 27 GOAL

SOURCE: HHS




Aesthetics and design



Nice sans serif fonts; move away from Arial

Design principles

e

® . . . L] a
R0 kil is Your Life is Your Life is Your Life
Lessons from Lessons from Lessons from L &
raising three children raising three children raising three children - ests:ns :r;:’
as a single mom as a single mom as a single mom rals;:g sinrzlee ;:)mren
Robin Williams Robin Williams Robin Williams R°gi" \)gilligms
October 9 October 9 October 9 ctober

Repetition Alignment



Be aware of colorblind users!

Chart Title Chart Title
90 90
80 80
70 70

60 60
50 50
40 40
30 30
20 20

0 0

Thing 1 Thing 2 Thing 3 Thing 4 Thing 5 Thing 1 Thing 2 Thing 3 Thing 4 Thing 5



Choose universally accessible palettes

rainbow rainbow
heat heat

lot default lot default

brewer blues brewer blues

brewer yellow-green-blue

viridis viridis

magma

magma



How do | do all this?



Flexibility
and power

Barrier to entry (amount of coding required)



Take a sad plot
and make it better



talks.andrewheiss.com/wcnpd18



