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Facts, truth, and beauty




What is truth?

Core principles of the universe?
Underlying trends in society?
Something transcendental?
Reality?



How do we find truth?

Science!

Neil deGrasse Tyson & o
: @neiltyson

The good thing about Science is that it's true whether or not you
believe in it.

10:41 AM - Jun 14, 2013 - TweetDeck

14.3K Retweets 8.3K Likes
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Beware of scientism!

"... promotion of science as the best or only

objective means by which society should determine
normative and epistemological values"
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Science is not the only way

Art
Music
Literature
Religion

Nature
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...but it all reveals truth
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Facts # truth



Where does truth come when

there are no facts?

Beauty



Beauty in science

. This is also true for
SEAUTIEUL science and math
QUESTION and other more

factual realms

FINDING NATURE'S DEEP DESIGN
WINNER OF THE NOBEL PRIZE IN PHYSICS

1 /56



Rhetoric and beauty

AOoyoc -« AEiC

Logos < Lexis

Res -+ Verba

Essence < Structure

Content ¢ Form

Truth < Beauty




Content + form

Art is how we translate core,
essential content (or truth!)
to different forms
for specific audiences.



Truth is beautiful

Truth # facts

Truth comes from aesthetic
combination of content and form

Facts require beauty to be true



Data and beauty




Just show me the data!

head(my_data, 10)

## # A tibble:

##
##
##
##
##
##
##
##
##
##
##

©C VW ~NOOUDhWNLR

+
3+
=

X

10 x 2
y

<db1l> <db1l>

55

.4
51.
46.
42.
40.
38.
35.
33.
29.
26.

N O R O)N 00 00N O

97.
96.
94,
91.
88.
84.
79.
7T.
74.
71.

2

A OTOOO O WSO O

mean (my_data$x)

Seems reasonable

## [1] 54.26327

mean (my_datasy)

Seems reasonable

## [1] 47.83225
cor (my_datas$x, my_dataSy)
No correlation

## [1] -0.06447185
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https://www.autodeskresearch.com/publications/samestats

Raw data is not enough

Each of these has the same mean, standard deviation, variance, and correlation
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Humans love patterns

lrontiers in REVIEW ARTICLE %ﬁ
NEUROSCIENCE doi- 10,2080/frin 2014, 00265

Superior pattern processing is the essence of the evolved
human brain

Mark P Mattson "2#*

T Laboratory of Neurosciences, National Institute on Aging Intramural Research Program, Baltimore, MD, USA
2 Department of Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD, USA

Edited by: Humans have long pondered the nature of their mind/brain and, particularly why its
J. Michael Williams, Drexel capacities for reasoning, communication and abstract thought are far superior to other
University, USA species, including closely related anthropoids. This article considers superior pattern

https://doi.org/10.3389/fnins.2014.00265
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https://doi.org/10.3389/fnins.2014.00265

(Sometimes we love them too much)

Pareidolia: seeing patterns that aren't there.




Beauty is necessary to see patterns

Table 2: Mean values and differences in means for amount donated in “crackdown” (treatment) and

A
“no crackdown” (control) conditions; values represent posterior medians
Crackdown -
Hlb AmountTreatment AmountControl A %A P(A * 0) No crackdown
Humanitarian
Crackdown - No crackdown 16.34 12.93 3.39 26.3% 0.97 assistance -
Humanitarian assistance - Human 14.06 14.85 -0.82 -5.5% 0.67 Humgq ”Glthts
. rivate -
rights Government @
Private - Government funding 15.13 13.71 1.42 10.4% 0.79 funding I
Hap and Hyp, Amountcrackdown AMOUNtN crackdown A %A P(A * 0) $-5 $0 $5 $10
Human rights issues 17.4 14.86 2.54 17.2% 0.83 Difference in amount donated
Humanitarian assistance issues 15.91 11.68 43 36.9% 0.95
Government funding 13.83 12.24 161 13.1% 0.74 B - _ ) )
X X Human rights issues Humanitarian assistance issues
Private funding 18.95 14.23 4.62 32.4% 0.97
H,p and Hsy, (nested) Amountcackdown AMOUNtNG crackdown A %A p(A = 0) Crackdown - *
Human rights issues, Government 10.56 15.15 -4.46 -29.5% 0.91 No crackdown
funding $-5 $0 $5 $10 $15 $-5 $0 $5 $10 $15
Human rights issues, Private funding 23.76 14.5 9.19 63.8% 0.99 c
Humanitarian assistance issues, 21.42 11.89 9.35 77.9% 0.99 Government funding Private funding
Governrner?t fund!ng ' Crackdown - ]
Humanitarian assistance issues, 15.69 15.72 -0.05 -0.3% 0.51 No crackdown —
Private funding $-5 $0 $5 $10 $15 $-5 $0 $5 $10 $15
Difference in amount donated
D
Human rights issues Human rights issues
Government funding Private funding
Crackdown -
No crackdown = ®
Humanitarian assistance issues Humanitarian assistance issues
Government funding Private funding
Crackdown - e ——
No crackdown
$-10 $0 $10 $20 $-10 $0 $10 $20

Difference in amount donated

Point shows posterior median; thick black lines show 80% credible interval;
thin black lines show 95% credible interval
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Beauty Is necessary for truth



What makes a good visualization?

No substantive issues
No perceptual issues
Honesty + good judgment

Good aesthetics

Kieran Healy, Data Visualization: A Practical Introduction



What's wrong?

(f) Distribution of Genus

 Acaryochionis @ Aromatoleum @ Carboxydothermu @ pesulfarculus
@ Achromobacter @ Arthrospira @ Caulobacter @ Dosulfatibacillun
® Acidiphiium @ Azoarcus @ Chitinophaga @ Desulfitobacterit
@ Acidobacterium @ Bacillus @ cChiorobaculum @ Desulfobacteriur
@ Acidovorax @ Bactoeroides @ Chlorobium ® Desulfococcus
PR @ Acinetobacter @ Bordotella @ Chloroflaxus @ Dosulfetomacult
__—_.ZL-ﬁ_ ® albidiferax @ Bradyrhizobium @ Chtheniobacter @ Pesulfovibrio
. @ algoriphagus 0 Burkholderia = Clostridium @ Dosulfuromonas
@ Alkallimnicola @ Caldanaerobacter @ Cupriavidus ¥ Dietyoglomus
@ Allochromatium @ Caldicellulosiruptor @ Cyanothece @ Dyadobacter
@ Ammonifex @ Candidatus Accumulip® Cytophaga @ Flavebactardum

® Anabaena @ Candidatus Desulforuc® Dechloromonas @ Frankia
 Anaerclinea @ Candidatus Koribacter @ Dehalococcoides @ Gemmata
@ Anzeromyxobac Candidatus Solibacter @ Deinococcus @ Goobacillus

® Geobacter © Methylacidiphilum @ Nodularia @ Pszeudomonas '@ Sphingomonas @ Thermodesuffovibrio

® Glozobacter @ Methylibium ® Nostoc ® Ralstonia @ Spirochaeta ® Thermomicrobium

® Haliangium @ Methylobacterium @ Opltutus @ Rhizobium @ Spirosoma @ Thermosinus

@ Heliobacterium @ Methylococcus @ Oscillatoria @ Rhodopireliula ‘@ Stigmatella ® Thermosynechocoteus

@ Herpetosiphon @ Microcoleus @ Oscilochloris @ Hhodupsuutiumc. Streplomyces @® Thermotoga

® Isosphaera @ Microcystis @ Pacnibacilus @ Rhodospirlium @ Symbicbacterium @ Thermus o Kaunie
® Ktedonobacter @ Microscilla ® Podobacter @ Rhodothermus '@ Synechococcus @ m;wma“,ibﬁu. I;fg?f;?;‘:
® Leadbetterella @ Moorelia ' Pedosphaora @ Roseiflexus @ Synechocystis ® Thiobacilus @ ynclassifiec
i Leptospira ® Mycobacterium @ Pelobacter ® Roscomonas @ Syntrophobacter @ Trichodesmium  from

® Leptothrix ® Myxococeus @ Pelolomaculum @ Rubrobacter @ Syntrophus @ Truepera Deltaprote
® Lyngbya @ Nirosococeus @ Pirellula ® Shewanella @ Thermaerobacter @ variovorax Cther

B Maonetosoirillum @ Nitrosomonas @ Planstnmurne  #8 Qidarmwdane @ Thermincola B Uarminanhrnharar
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What's wrong?

_._'F-‘ercent of total U.S. population by race and ethnltm_.r HBBD EIJEEF

L e

| Sai ponascon e - -unNmHﬂ_r};.
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What's wrong?

How Prison Works

Recidivism Rate of Prisoners
Released in 1994

ALL RELEASED
PRISONERS

67.5%

VIOLENT
OFFENSES

PUBLIC-ORDER
OFFENSES

ed on 4 sludy racking

r-';l|:'.|.. 1 03
272,111 prsoners m 15 states
Source: U5, Depariment of Justice Statistios
Hesnlry Ingnds in the Linited Sisips
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Design and beauty




Why even care about design?

wwwww

irite?
n. amirl
¢ is Times New Roman,
a
How g1¢€

a
Plus, Avatar uses Eeﬁni‘ce\Q great
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’ ime with design.
. My data ang findings wil
i \ “‘ Speak for themselves.
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Beauty, stories, and truth

Truth comes from aesthetic combination of content and form.
Raw facts must be communicated through some form.

Beauty shapes that form.

There are aesthetic principles we can

follow to create beauty—and truth.

29 / 56



Principles of design

There are thousands of books and
centuries of debate and theory about
what makes good design.

The easiest

and most memorable distillation
of these principles is CRAP.




Use these principles as a
checklist when creating and
critiquing designed objects:

R
A,
“R0-WNNING, gEsT-SELING BOOK ABour
Sy
Ny

Repetition
DESIGN AND TYPOGRAPHIC PRINCIPLES
FOR THE VISUAL NOVICE
Alignment |
ROBIN WILLIAMS

Buy this book and your life will change forever. 31/ 56



If two items are not exactly
the same, make them different.
Really different.




Typographic contrast: Family

Use contrasting type families

Serif + Sans serif ~ Scwpt+ Serif ~ Slaly + Sans serif  etc.

Serif
Sans serif

Slab serif
Script
Monospaced

Sphinx of black quartz, judge my vow

Sphinx of black quartz, judge my vow
Sphinx of black quartz, judge my vow

Sphinn of black quarty, judge my vou
Sphinx of black quartz, judge my vow

33 /56



Typographic constrast: Family

Add contrast in family

Here’s a heading

Lorem ipsum dolor sit amet,
consectetur adipisicing elit, sed
do elusmod tempor incididunt ut
labore et dolore magna aliqua.

Here's a heading

Lorem ipsum dolor sit amet,
consectetur adipisicing elit, sed
do eiusmod tempor incididunt ut
labore et dolore magna aliqua.

34 [ 56



Typographic contrast: Weight

Use contrasting weights in same type family

Bold + Regular

Regular + Extra light Black + Light etc.

Extra light
Light
Regular
Semi bold
Bold
Black

S
S
S

9

D

D

ninx of black quartz, judge my vow

ninx of black quartz, judge my vow

hinx of black quartz, judge my vow

Sphinx of black quartz, judge my vow

Sphinx of black quartz, judge my vow

Sphinx of black quartz, judge my vow

35/56




Typographic constrast: Weight

Add contrast in weight

Here’s a heading

Lorem ipsum dolor sit amet,
consectetur adipisicing elit, sed
do eiusmod tempor incididunt ut
labore et dolore magna aliqua.

Here’s a heading

Lorem ipsum dolor sit amet,
consectetur adipisicing elit, sed
do eiusmod tempor incididunt ut
labore et dolore magna aliqua.

36 /56



Color contrast

Color theory



https://color.adobe.com/

Color contrast

Colors extracted from an image at color.adobe.com
38 /56


https://color.adobe.com/

Usability and accessibility

Perceptually uniform colors

Values close to each other use similar colors,

and values far from each other use different colors

Colorblind-safe colors

8% of men & 0.05% of women have some form of color blindness

Colors should be distinguishable by people
with common forms of color blindness

39 /56



Perceptually uniform colors

rainbow

heat

lot default

brewer blues

brewer yellow-green-blue

viridis

magma

Traditional palettes vs. viridis

rainbow

heat

lot default

brewer blues

brewer yellow-green-blue

viridis

magma

Traditional palettes vs. viridis as seen with deuteranopia

40 [ 56



Perceptually uniform colors

AT LT 4
i 1 i N

A S NEAN
-.‘a;i_»:a‘.:;»
ungires’ o

Shp%b"

e it
V-.I..l“‘g ’.

Georgia counties filled by area, Georgia counties filled by area, Georgia counties filled by area,
rainbow palette (NOT GOOD) viridis:viridis palette viridis::iinferno palette

41 [ 56



Repetition

Repeat some aspect

of the design throughout
the entire piece.




Things to repeat

Families, weights, sizes

Graphical elements




WE HELP PEOPLE BUILD
BETTER FUTURES FOR

THEMSELVES

Dxfam provides grants and technical support to local organizations around the world to support
long-term solutions that help people grow nutritious food, access land and clean water, and—
as one of our programs in Jordan illustrates—obtain decent work and fair wages.

MORE THAN A PIPE DREAM

Water scarcity is 8 major problam in Jordan. Aging water
infrastructure and a rapidly increasing population—the con-
flict in Syria has driven mora than 650, 000 Syrians to sottle

in Jordan—have created a situationwhere every drop counts.

Currantly, mora than 40 parcant of Jordan’s water laaks out
of broken pipes, so knowing how to fix them is critical. When
Oxfam and its partners started a program in northern Jordan
to improve the watar sector, we made training plumbers—
particularly women—a priority.

Funding from the Canadian government helped us equip mora
than 400 woman with basic plumbing skills not only to fix
leaks in their homas but to acquire anough plumbing know-
how to anter the labor market.

Mariam Taw feeq Matlag. 44, picked up awranch fiveyears ago
and started her own busingss north of Amman soon aftor. “As
=zoon as | recaived the training to be a plumber, | had a dream
to opan a shop,” she says, though itwasn't easy to gat off the
ground. “There ara negative percaptions of a woman plumbing
in my community. The competition betwaen ma and the male
plumbers can be difficult.”

Still, she says, “'ve proved it to peopla, my community, and
the world around me that women can do anything. whather
it is comventional or not.”

Matlag has trained many woman and recommends them for
jobs when she can.

“Women herawant to work.” she says. “We want opportuni-
ties. but often thare aren't amy for us. We nead support from
organizations to keep growing these opportunities.”

ABOVE. TOP: Mariam Tawfaaqg Matleq fixas the wetar tankan har raaftopin
Tema, north of Amman, Jordan, after recaiving training from O fam on ba-
sic plumbing =killz. Now she's training otherwomen to become plumbers.

ABIVE. BOTTOM: Matlag apaned her hardware store aye er ago inZerga and
amploy s sevaral mala plumbers who work acrosa the city.

OPPOSITE: "I hew e been & plumbar for fiva yeara now. [liks it a lot—|
eepacially like the challanges | fece,” Matlag says.

PHOTDS: Abihiz Trayler-Smithy Defam

COCFAM AMERICAANNUAL REPORT 2018 5

WE SAVE LIVES IN
DISASTERS AND CONFLICTS

We work with local organizations to provide assistance during conflicts and disasters, but we
also partner with community and national advocates to change the conditions that create them.
That's the case in Central America and Mexico, where Oxfam has worked for many decades.

LITTLE CHOICE BUT TO LEAVE

Last fall, Nelson Chavez laft his home in El Salvador bacausa he
couldn’t make enough money to support his family. Heworked
for a honey producer. bottling honey and selling it from his
hiomea. But his incoma only covered half of what his family neads.

Chevez was one of thousands of people flesing El Salvador.
Guatemala, Honduras, and Mexico to look fora better lifa in the
Unitad States."What we have in common is the necessity to
migrate,” he said. “The majority of us do hard work like construc-
tion andfarm labor, andwe are poor. We live on what we make
each day.”

[ fam and its partners provided immediate help to Chavez
and others in Buatemala with food packages. portable toilsts,
drinking water, vitamins and rehydration drinks, canopies. and
mygiena kits—which included information about how to report
acts of violence and human trafficking. In Mexico, wa distrib-
uted water, thermoses, pots of Vaseline for sore feet, and oral
refydration salts.

Butwa also provided financial support to local migrants' rights
organizations and shelter networks, and called on the govemn-
mants of Guatemala, Mexice. and the US to protect and guaran-
taa tha rights of asylum-seakars and ensura that children aren’t
saparated from their familias.

Oufam Prasident and CED Abby Maxman visited Tijuana, Mexico,
in January to meet with migrants, asylum-saekers, and partnar
organizations. “The migrants | met in Tijuana are no diffarant
than the peopls who first built our country and what generations
of Americans have done: arrive with aspirations to build a better
life,” she said. "We should live up to our legacy as awelcoming
nation that was built ontha hard work of immigrants, rather than
demonize and criminalize tham.”

ABOVE, TOP: Nelson Chevez, from El Salvedor laft his home and wslked
to the Gustemale-Maxico border. *Thare are almost no oppartunities to
warkin my country.” Elizabeth Stevens/xfam

RABOVE, BOTTOM: 0xfam staff AlsjandroOrozeo end Sherry Toc daliver
eninflatabla mattress to a man ariving et & ehettarin Tecdn Umén,
Buatemala. Alyssa Eissnstein/Oxfam

DPPOSITE: Paople from L Trinided, Guatemals, evacuate thair community

eftertha aruption of Fuegovolzana lest June. lkfam helped those who
wana displaced. James Rodrigue/Panos for kfam Amenica

UXFAM AMERICA ANNUAL REFORT 2008 &[4/} / 56



Alignment

Every item should have a

visual connection with
something else on the page.




Example 6: Value of a resistor in an electrical circuit.

Find the value of a resistor in an electrical circuit which will dissipate the charge 1o 1 parcent
of its original value within one twentieth of a second after the switch is closed.

Switeh-=

Battery Ca pacitar [C]

nductor

Resistor

iR

al=
qlt=
I=
L=

4 wolts
009 wolts
005  seconds

§ henrys

0.0001 farads

[ 300 | ohms

ULc_]
[R_i(2=L~2
SORT(B15-816)
COS(T*81T)
R_*TAZL)
00+EXP (B 19)

1250

351 5625
29973047
0.07208653
-0.9375
3.52445064

Bad alignment

Example 6: Value of a resistor in an electrical circuit.

Find the value of a resislor in an electrical circuit which will dissipate the charge to 1 percent
of its original value within one twentieth of a second afier the switch is closed.

Good alignment—everything is connected to something

i al= 9 wyolts
g alt)= 009 wolits
t= 0.05 seconds
L= 8 henrys
Battery Capacitor [C] Inductor [L] L= 0.0001 farads
R= IEMimms
Resistor _
[R] =
=€ 1250
IR_2*Li)"2 3515625
SORT(B15-B16) 20 973947
COST*BIT) 0.07203653
-R_*THz*L) -0.9375
Q0=EXP (B 19) 352445064

46 [ 56



Example B: Value of a resistor in an electrical circuit.

Alignment + repetition

Share lines and repeat alignments where possible.

Find the valwe of a resistar in an electrical circwuil which will disfipate the charge to 1 parcent
of its original value within one twentieth of a second after the sWitch is closed.

Switch-=

Ba

ttery Ca pacitor [C]

Resistor

Inductor

4 vertical alignments; 3 horizontal alignments

[R]

IL*C_]

[R_i(2*L))~2
SORT(B15-816

COS(T*BIn
R_ATAL

(Q0+EXP (B 18]

1250
351.5625
29973047
0.07 203653
-0.9375
3.52445064

qitl=

(.23 BHY

vilts
volts
seconds
hafrys
farads

ahms

Example B: Value of a resistor in an electrical circuit.
Find the value of 2 resistor in an electrical circuit which will dissipate the charge to 1 percent
of its original value within one twentieth of a second after the switch is closed.

. gl= 9 wlts
SWILER-> glt)= 0.08 wolts
i= 0.05 seconds
L= & bhenrys
L = 0.0001 farads
Battery Capacitor [C] Inductor [L] ’
R= 300 | ohms
Resistor
[R] S 0.253889
LG | 1250
[R_AZLA2 351 5625
SORTIR15-B16) 29973947
COS{T*BIM 007803653
-R_*TH2*L) -0.8375
Qb+EXF (B 19) 3.52445064

1 shared vertical alignment; 2 horizontal alignments
47 [ 56



Alignment + contrast

Center + left is super common, but has weak contrast

Mixing left and right alignment provides stronger contrast

Chapter 1 Chapter 1

Here's a title Here's a title

Lorem ipsum dolor sit amet, consectetur Lorem ipsum dolor sit amet, consectetur adi-

adipisicing elit, sed do eiusmod tempor pisicing elit, sed do eiusmod tempor incidi-
incididunt ut labore et dolore magna aliqua. dunt ut labore et dolore magna aliqua.

48 [ 56



Group related items together.



Use white space, color, location, contrast, repetition,
alignment, etc. to make visually distinct groupings

Ralph Roister Doister (717) 555-1212

Mermaid Tavern

Ralph Roister Doister

Mermaid Tavern

916 Bread Street

London, NM

(?]?) 555-1212
916 Bread Street London, NM

Bad proximity; no logical groupings Good proximity; information visually grouped

50 / 56



Contrast
is Your Life

raising three children
as a single mom

Repetition

Your Attitude
is Your Life

raising three children
as a single mom

Robin Williams

CRAP review

Robin Williams

Alignment

Your Attitude
is Your Life

raising three children
as a single mom

Robin Williams

Your Attitude
is Your Life

Lessons from
raising three children
as a single mom

Robin Williams
Qctober @

51/ 56



Life expectancy

CRAP in action

Here's a cool title
And here's a neat subtitle

2002 2007
3 o
80~ @
° o %’ S o ‘.... °
. : ‘. Y .". S .
Pe® . ¢ * o
a’e ™, [ ) e %
° o S SeP o o .'{ ®e
70 - N ' v & O
e %o ° A
° b '
° °
e ° .. ® .. .
L ]
> .
60 9 [ J ® e O [ ] [ ] o
o . % o ©® L4
] ° ® ° LI .
™ . °
[ ° [ ] [ ] o
L/ [ ] o [ ] p L]
[ ] ° Y
50 - ® .u’ ° . . oo . °
[ ] oe [ ]
™
~ [ ] L e e o ]
[ ] ®e ° — ®
... L ] [ ]
® ‘ e [ ]
[ ] { ]
40 - [ ] ° °
300 1000 3000 10000 30000 300 1000 3000 10000 30000

GDP per capita

Source: The Gapminder Project

Population
® 2.50e+08
@ 5.00e+08
@ 750e+08

@ 1.00e+09
@ 125:00

Continent
® Africa
® Americas
® Asia
® FEurope

® QOceania
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CRAP in action

Here's a cool title
And here's a neat subtitle

2002 2007
iy Population
‘é Q 7 P
g % . -.t. r o ‘..‘QO @® 250,000,000
Q L ]
= . % Be ‘S Qe . @ 500,000,000
o ...... °* ... % .
8 ¢ e e w ) o @ 750,000,000
= /0 e 85 o. . * @ 1.000,000,000
® [ ]
cal o o-@® @ 250,000,000
® 9
60 ° '0 - ..°o . °
[ ] .
0", e . $ % . . Continent
0%, o . ° ceo° ° )
d ° () » ° . ® Africa
50 [ ] O.' PY ® (X ] L4 .
) ° . ® ® Americas
° ® [ X [ ]
° .:0 .. ® e . °.° o ® Asia
o0, ° ® @ °
s o ¢ oo ® Europe
40 ¢
* * Oceania

$300 $1,000 $3,000 $10,000 $30,000 $300 $1,000 $3,000 $10,000 $30,000

GDP per capita
Source: The Gapminder Project 53/ 56



Moral of the story




Moral of the story

Facts require beauty to be true
You can (and should) develop these skills!

Care about design.



andhs.co/umontreal-dataviz




