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Ever wondered what colors look like before you plot them?

Use scales::show_col() to preview them

Example:

colors <- c('lightblue', 'sienna', 'forestgreen', '#eae%ea') lightblue sienna
scales::show_col(colors)

#eae9ea



Today's data

wildlife_impacts <- read_csv(here:
federal_spending <- read_csv(here:
milk_production <- read_csv(here:
lotr_words <- read_csv(here:
ms leep <-— read_csv(here:

:here('data’,
:here('data’,
:here('data’,
:here('data’,
:here('data’,

'wildlife_impacts.csv'))
'federal_spending_long.csv'))
'milk_production.csv'))
'lotr_words.csv'))
'msleep.csv'))

New (?) package:

[install.packages('hrbrthemes')
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When Is it okay to to truncate an axis?

e When small movements matter U.S. GDP During 2008 Financial Crisis
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When Is it okay to to truncate an axis?

e When small movements matter
e When zero values are impossible

Vehicle fuel efficiency vs. power
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Source: 1974 Motor Trend U.S. magazine.
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Source: 1974 Motor Trend U.S. magazine.



When Is it okay to to truncate an axis?

LinkedIn shares tumble in extended trading

e \When small movements matter

e When zero values are impossible M“”\wwww
e When it's nhormal / a convention b S
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When Is it okay to to truncate an axis?

When small movements matter OWT

When zero values are impossible
When it's normal / a convention
Never on a bar chart

} 7,066,000 &

— e s

AS OF MARCH 31
MARCH 27 GOAL

SOURCE: HHS
mediamatters.arg
VHILE "MUPP DOW FUT 16,325.00
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You are most sensitive to changes
In angles close to 45 degrees
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You are most sensitive to changes
In angles close to 45 degrees

Good scaling Y scale too large X scale too large
1020 1200 1020
1010 1100 1010
1000 000 " 1000
990 900 990
980 800 980
Jun-01 Jun-02 Jun-03 Jun-01 Jun-02 Jun-03 May-01 May-15 Jun-01  Jun-15 Jul-01
dt dt dt
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You are most sensitive to changes
In angles close to 45 degrees

Bad Better

Delta Airlines wildlife impac Delta Airlines wildlife impacts, 2016

12

—_—
A 00 N

Number of incidents
o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Incident date

Number of incidents

0 Set image dimensions in R chunk header:

JarreMaApMayunJuAu§ecNoldedan
Incident date

e
#| fig.width: 5
#| fig.height: 3.1
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Consider setting dimensions to "Golden Ratio" (1: 1.618)

Approx. to golden ratio:

width height
5 31o0or3
6 3.7or4
a
[ / 4.3

Also check out Donald Duck in
Mathemagic Land
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https://youtu.be/U_ZHsk0-eF0?t=512
https://youtu.be/U_ZHsk0-eF0?t=512

Adjust axes with sca Le_ functions

Continous variables Common arguments for continuous variables
scale_x_continuous() scale_y_continuous(
scale_y_continuous()

limits = c(lower, upper),

Discrete variables
breaks = c(breakl, break2, etc.)

‘scale_x_discrete() ]

scale_y _discrete() expand = expand_scale(mult = c(0, 0.05))

)

Others

scale_x_logl0o()
scale_y_loglo()
scale_x_date()
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Adjusting continuous scales

milk_bars <— milk_production %>%
filter(year == 2017) %>% California _
arrange(desc(milk_produced)) %>% wisconsin [
slice(1:10) %%
mutate( New York |
milk_produced = milk_produced / 1079, daho [N
state = fct_reorder(state, milk_produced)) %>§ o Texas -
ggplot() + IS
geom_col(aes(x = milk_produced, y = state)) + ¢ Michigan -
theme_minimal_vgrid(font_size = 18) + Pennsylvania -
labs(x = 'Milk produced (billions of 1lbs)', _
y = 'State') Minnesota -
. New Mexico -
milk_bars Washington -

o
P
o

10 20 30
Milk produced (billions of Ibs)
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Adjusting continuous scales

milk_bars +

scale_x_continuous( California
breaks = c(@, 15, 30, 45), Wisconsin
limits = c(0 , 45),
expand = expand_scale(mult = c(0, 0.05))) New York

Idaho

Texas

State

Michigan

Pennsylvania

Minnesota
New Mexico
Washington

15 30 45
Milk produced (billions of Ibs)

o
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Adjusting discrete scales

milk_bars +

scale_y discrete( California
breaks = c('California', 'Wisconsin', 'Idaho')) Wisconsin
|daho

)

3

)

o

10 20 30 40
Milk produced (billions of Ibs)
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Adjusting log scales _ 6000
2
: £ 4000
Regular scaling 2
, 5 2000
plot <- ggplot(msleep) + 8
geom_point(aes(x = brainwt, y = bodywt)) + .
theme_half_ open(font size = 20) + Ot - |
labs(x = 'Brain wglght (kg)', 0 2 4
y = 'Body weight (k )') Brain weight (kg)
plot
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Adjusting log scales

Log scaling

plot +
scale_x_loglo() +
scale_y_loglo() +
labs(x 'Log brain weight (kg)
y = 'Log body weight (kg)'

)

’

Log-log relationship:
y=ax"
log(y) = nlog(z)

Body weight (kg)

0 2 4
Brain weight (kg)
1e+03 -

1e+01 -

1e-01 A o e
2

Log body weight (kg)

1e-04 1e-03 16-02 1e-01 1e+00
Log brain weight (kg)
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Example from Mini Project 2

Regular scaling

plot <— transit_cost %>%

filter(!is.na(length))
filter(length < 2500) %>%
mutate(cost = as.numeric(
ggplot(aes(x = length, vy
geom_point() +
geom_smooth(method = 'lm', se = FALSE) +
theme_half_open(font_size = 20) +
labs(x = "Length of Proposed Line",

y = "Real Cost in Millions USD")

[¢) o)
%>%

real_cost)) %>%
= cost)) +

plot

Real Cost in Millions USD

75000 ~

50000 -

25000 A

0 50 100 150 200

Length of Proposed Line
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Example from Mini Project 2

scale_x_loglo() +

-
n
-
& 75000 -
c
S
Log scaling = 500001 .
' 7
25000 1
plot + 8
@
&
ad

scale_y_loglo() + 0 - |
labs(x = 'Log length of proposed line', 0 50 100 150 200
y = 'Log cost') Length of Proposed Line
Log-log relationship: 1e+05 .
. .n
y=4< 1e+04 1

log(y) = nlog(x)

1e+03 -

Log cost

1e+02 .

1 10 100
Log length of proposed line
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Date scales can be confusing
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What's wrong with this chart?

0.8

0.7
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0.5
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0.3
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0.1

0.0

Your Monthly Usage (in 1,000 MCF increments)
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What's wrong with this chart?

0.8

0.7

0.6

0.5
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What's wrong with this chart?

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Your Monthly Usage (in 1,000 MCF increments)
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What's wrong with this chart?

Your Monthly Usage

MCFs (ROUNDED TO NEAREST HUNDRED)
800
700
600
500
400
300
200

100

Jun | Jul ‘ Aug ‘ Sep | Oct | Nov | Dec Jan ‘ Feb ‘ Mar | Apr | May ‘ Jun
2018 2019
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Adjusting date scales

Summarise the data

library(lubridate)

plot <— wildlife_impacts %>%
filter(incident_year == 2016) %>%
count(operator, incident_date) %>%
mutate(incident_date = ymd(incident_date))
ggplot() +
geom_co1(

aes(x = incident_date, y = n,
color = operator)) +

facet_wrap(~operator, ncol = 1) +

theme_minimal_grid(font_size = 16) +
panel_border() +
theme(legend.position = 'none') +

labs(x = 'Incident date (2016)",
y = 'Number of incidents')

plot

[}
>

Number of incidents

10

10

AMERICAN AIRLINES

kb "

DELTA AIR LINES

duikalid | mMMWuu.

SOUTHWEST AIRLINES

UNITED AIRLINES

Z |k shuckh oluk .J.iH.1.|LHNJIMMJ|.|WWMNJ[LIMI b

Jan 2016

Jul 2016 Oct 2016

Incident date (2016)

sai2h7/ 110

Apr 2016



Adjusting date scales

AMERICAN AIRLINES

plot + 10
scale_x_date( :
date_breaks = '1 month', “l
date_labels = '%b"') 0 u.m.lhahlm Ll.lll
’ DELTA AIR LINES

huika i | 1 Jilhmww.ulu.

SOUTHWEST AIRLINES

UNITED AIRLINES

Number of incidents

10

4]

|l kb .m.J.iH.MMMMmMNMMh.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec @8 / 110
Incident date (2016)



Adjusting date scales

'scale_x_date(
date _breaks = '1 month',
date_labels = '%b')
'date_breaks = '1 month' ] [date_labels = '%b'
e 'l day' Example date: March 04, 2020
e "10 days'
e "I month' o %Y =2020
e '3 months' e Sy =20
o 'l year' e %B = March
e '3 years' e %b = Mar
e %D =03/04/2020
e %5d = 03
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Use scales library to modify scale text
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sca les converts numbers to formatted characters

scales::comma(200000)

S
~—

#> [1] "200,000"

E—

scales::dollar(200000)

|

# [1] "$200,000"

|

~————

scales::percent(0.5)

#> [1] "50%"
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Use scales library to modify scale text

federal_spending %>%
filter(year == 2017) %>%
mutate(
department = fct_reorder( 5
department, rd_budget)) %>% S
ggplot() + = NAsA
geom_col(aes(x = rd_budget, y = department)) o Nsr I
scale_x_continuous( o USDA N
expand = expand_scale(mult = c(0, 0.05))) A 5 poc i
theme_minimal_vgrid(font_size = 16) + Q@ Other i
labs(x = 'Department’, 2wl
y = 'R& spending ($ Millions)') 23 interior |
poT |
DHs |
EPA |
0 10000 20000 30000 40000 50000

Department
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Use scales library to modify scale text

federal_spending %>%
filter(year == 2017) %>%
mutate(
department = fct_reorder( 5
department, rd_budget)) %>% S
ggplot() + = NAsA
geom_col(aes(x = rd_budget, y = department)) o Nsr I
scale_x_continuous( o USDA N
labels = scales::comma, 5 poc i
expand = expand_scale(mult = c(0, 0.05))) A g Other i
theme_minimal_vgrid(font_size = 16) + A 1ZY |
labs(x = 'Department', 23 interior |
y = 'R& spending ($ Millions)') poT |
DHs |
EPA |
0 10,000 20,000 30,000 40,000 50,000

Department
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Use scales library to modify scale text

federal_spending %>%
filter(year == 2017) %>%
mutate(
department = fct_reorder( =
department, rd_budget)) %>% S
ggplot() + = NAsA [
geom_col(aes(x = rd_budget, y = department)) o NSF ~
scale_x_continuous( o usoA [l
labels = scales::dollar, 5 poc i
expand = expand_scale(mult = c(0, 0.05))) A ¢ Other i
theme_minimal_vgrid(font_size = 16) + 2wl
labs(x = 'Department’, 5 Interior |
y = 'R& spending ($ Millions)') poT |
DHs |
EPA |
$0  $10,000 $20,000 $30,000 $40,000 $50,000

Department
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Check out this guide to scales:
https://ggplot2tor.com/scales

35/ 110


https://ggplot2tor.com/scales

Your turn

Adjust the scales in the code
chunk provided to match the
chart on the slides.

Repair costs of aircraft impacts with wildlife
Top 4 airlines

&
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Source: https://wildlife.faa.gov/home
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Text Is usually the single most important
component on your chart

38 /110




STEP |: Encoding

|0 SECONDS ® = eye fixation

Michelle Borkin, et al. (2015) Beyond Memorability: Visualization Recognition and Recall
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https://ieeexplore.ieee.org/document/7192646

Are Americans Falling Out
of Love With the Cinema?

Estimated number of tickets sold at the
North American box office since 1995

1,600m - l

800m
400m -
l
Om
1995 2000 2005 2010 2015 2020
Source: The Numbers
®06 statista %a

Titles matter

Source:
https://www.reddit.com/r/dataisugly/cc
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https://www.reddit.com/r/dataisugly/comments/odk65x/this_was_not_the_right_headline_to_go_along_with

ITow does the carbon looLprmLol prolein-rich [oods compar S gllOur World

in Data

100 grams of protem across a global sample

re shown pe

Bas ern onsE’r (,Tl ]IEH'—.II rlch e o

that specific footprint.

e = Good annotations
JA‘.__ should tell a story

Lamb

Farmed
shrimp

Porlk

Chicken
Eggs

Farmed
fish

Tofu

Beans

Peas

Nuts

i procuction xon 11 2nd 250 kg CO . rates 7 "o protein.
Jand 11 kg CO oq por 100g protein, ot3l, this is cquivalent ta 5 aillieon toanes of COLeg - this is mare than the CL s tetal cmissions
SJEJI"D of_arll : ' '
protein-ricn
foods g s - — S O u rCe :
6] 10 20 30

Greenhouse gas

https://ourworldindata.org/less-
meat-or-sustainable-meat
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https://ourworldindata.org/less-meat-or-sustainable-meat
https://ourworldindata.org/less-meat-or-sustainable-meat

labs (

x = 'Year',

y = 'Cost of incident repairs ($ millions)',

title = 'Repair costs of aircraft impacts with wildlife',
subtitle = 'Top 4 airlines’,

caption = 'Source: https://wildlife.faa.gov/home")

R=
—_
(o2}

3
—
1]

@«
I

©
o

Cost of incident repairs ($ millions)
&
o

Repair costs of aircraft impacts with wildlife
Top 4 airlines

L .
¢ . [1] . ® ™
. * o* .:.. .‘\. o 2 o
HIPRIE NI T S PO Sl YL CILOF SOy e TP
‘92 '95 '98 ‘01 '04 ‘07 10 13 16 19
Year

Source: https://wildlife.faa.gov/home
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Use mapped variables in aes () in labs()

milk_production %>%
filter(year %in% c(1970, 2017)) %>%
group_by(year, region) %>%

ungroup() %>%
mutate(
region =
ggplot() +
geom_co1(
aes(x = milk_produced,
y = region,
fill = as.factor(year)),
position = "dodge") +
scale_x_continuous(expand = expansion(mult = c(0, 0.05
theme_minimal_vgrid() +
labs (
X = '"Milk produced (billions 1lbs)"',
y = 'Region’,
title = '"Milk production by region',
subtitle = '1970 & 2017"')

fct_reorder2(region, year, desc(milk_produc

summarise(milk_produced = sum(milk_produced) / 1079) %

Milk production by region
1970 & 2017

Lake States
Pacific
Mountain
Northeast

Corn Belt

gion

& Southern Plains
Northern Plains
Southeast .
Appalachian

Delta States

10 20 30 40 50
Milk produced (billions Ibs)

as.factor(year)

0 1g70
B 2017
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Use mapped variables in aes () in labs()

milk_production %>%
filter(year %in% c(1970, 2017)) %>%
group_by(year, region) %>%

summarise(milk_produced = sum(milk_produced) / 1079) %

ungroup() %>%
mutate(
region =
ggplot() +
geom_co1(
aes(x = milk_produced,
y = region,
fill = as.factor(year)),
position = "dodge") +
scale_x_continuous(expand = expansion(mult =
theme_minimal_vgrid() +
labs (
X = '"Milk produced (billions 1lbs)"',
y = 'Region’,
title = '"Milk production by region',
subtitle = '1970 & 2017',
fill = "Year")

fct_reorder2(region, year, desc(milk_produc

c(@0, 0.05

Milk production by region
1970 & 2017

Lake States
Pacific
Mountain

Northeast
Year

1 1970
B 2017

Corn Belt

gion

&J Southern Plains

Maorthern Plains

Southeast .

Appalachian

Delta States

10 20 30 40 50
Milk produced (billions Ibs)
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Legends suck
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Milk produced (lbs)

Legends suck

Legends require look-up task Direct labeling 1s much better
Milk production in four US regions Milk production in four US regions
5e+10 Ve 5e+10 ¢ Lake States
4e+10 - \/ _ © 4e+10 1 \//
A_//\‘\v Region 5 Mountain
3e+10 - — Lake States 8 36410 Northeast
_\/’\. — Mountain _g —\/\
— Northeast o
2e+10 Pacific S 26410
=
1e+10 1 104104

1970 1980 1990 2000 2010

1970 1980 1990 2000 2010 2020
Year

Year
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Legends suck

Legends require look-up task

200

—_
()]
o

100

R&D Budget ($ Billions)

[4)]
(=]

Federal R&D spending, 1976 - 2017
Source: AAAS Historical Trends

1980

1990

2000

2010

Department

Other
B pop

R&D Budget ($ Billions)

Direct labeling is much better

200

—_
(%))
o

100

w
(=]

Federal R&D spending, 1976 - 2017
Source: AAAS Historical Trends

1980

1990

2000

2010
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Use annotate( ) to add text to chart

dod_spending <- ggplot(federal_spending_summary) +
geom_area(aes(x = year, y = rd_budget,
fill = department)) +

annotate(geom = 'text', X = 1995, y = 85, Federal R&D spending, 1976 - 2017
'Labe'l- = 'Othel"', 51ze = 6, COI.OI" = Ib'LaCkl) Source: AAAS Historical Trends
annotate(geom = 'text', x = 1995, y = 25, 200
label = 'DOD', size = 6, color = 'white') +

scale_y_continuous(

expand = expand_scale(mult = c(0, 0.05))) + § 10
scale_fill_manual(values = c('grey', 'sienna')) + g
theme_minimal_hgrid() + 3 .00
theme(legend.position = 'none') + ]
labs(x = NULL, o

y = 'R&D Budget ($ Billions)', T 5

title = 'Federal R& spending, 1976 - 2017°',
subtitle = 'Source: AAAS Historical Trends')

1980 1980 2000 2010

dod_spending
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Use geom_text () to add text to chart

dod_spending <- ggplot(federal_spending_summary) +
geom_area(aes(x = year, y = rd_budget,
fill = department)) +

geom_text (
data = data.frame(x = 1995, y = 85, label = 'Other
aes(x = x, y =y, label = label),
size = 6, color = 'black') +
geom_text (
data = data.frame(x = 1995, y = 25, label = 'DOD')
aes(x = x, y = vy, label = label),
size = 6, color = 'white') +
scale_y_continuous(
expand = expand_scale(mult = c(@, 0.05))) +

scale_fill_manual(values = c('grey', 'sienna')) +
theme_minimal_hgrid() +
theme(legend.position = 'none') +
labs(x = NULL,
y = 'R& Budget ($ Billions)',
title = 'Federal R& spending, 1976 - 2017°',
subtitle = 'Source: AAAS Historical Trends')

dod_spending

R&D Budget ($ Billions)

200

—
o
(=1

100

4]
=]

Federal R&D spending, 1976 - 2017
Source: AAAS Historical Trends

1980

1980

2000

2010
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Use geom_labe L () to add text to chart with a background

dod_spending <- ggplot(federal_spending_summary) +
geom_area(aes(x = year, y = rd_budget,

fill = department)) +
geom_label(

data = data.frame(x = 1995, y = 85, label = 'Other

aes(x = x, y = vy, label = label),
size = 6) +
geom_label(

data = data.frame(x = 1995, y = 25, label = 'DOD')

aes(x = x, y = vy, label = label),
size = 6, fill = "black", color = "white") +
scale_y_continuous(
expand = expand_scale(mult = c(0, 0.05))) +
scale_fill_manual(values = c('grey', 'sienna')) +
theme_minimal_hgrid() +
theme(legend.position = 'none') +
labs(x = NULL,
y = 'R&D Budget ($ Billions)',
title = 'Federal R&D spending, 1976 - 2017°',
subtitle = 'Source: AAAS Historical Trends')

dod_spending

R&D Budget ($ Billions)

Federal R&D spending, 1976 - 2017
Source: AAAS Historical Trends

200

150

100

4]
=]

1980 1980 2000 2010

50 /110



Use geom_curve() +geom_label() to direct attention

label <- "The Dept. of Defense R&D Budget
has made up nearly half of all
federal R&D spending"

dod_spending +
geom_curve(
data = data.frame(

x = 1981, xend = 1987, y = 160, yend = 25),
mapping = aes(x = x, xend = xend, y =y, yend = yend
color = 'grey75', size = 0.5, curvature = 0.1,
arrow = arrow(length = unit(0.01, "npc"),

type = "closed")) +

geom_label(
data = data.frame(x = 1977, y = 160, label = label),
mapping = aes(x = x, y =y, label = label),
hjust = @, lineheight = 0.8)

R&D Budget ($ Billions)

200

150

100

4]
=]

Federal R&D spending, 1976 - 2017
Source: AAAS Historical Trends

The Dept. of Defense R&D Budget
has made up nearly half of all
federal R&D spending

2010

1980 1980 2000
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Use annotate() to direct attention

Use geom = "rect" for box, geom

ggplot(mpg, aes(x = displ, y = hwy)) +
geom_point (
aes(fill = as.factor(cyl)),

color = 'white', alpha = 0.8,

size = 3.5, shape = 21) +
annotate(geom = "rect",

xmin = 5, xmax = 7.5,

ymin = 21, ymax = 28,

fill = "grey55", alpha = 0.2) +
annotate(geom = "text",

x =5, y =29, label = "Hybrid vehicles",

hjust = 0, size = 5) +
theme_half_open(font_size = 15) +

labs(x = "Engine displacement",
y = "Fuel efficiency (mpg)",
fill = "# cylinders',
title = "Vehicle fuel efficiency vs. engine displ
caption = "Source: U.S. EPA.")

Fuel efficiency (mpg)

"text'" for label

40 1

(8
[=]
L

[a~]
[=]
L

Vehicle fuel efficiency vs. engine displacement

# cylinders

* Hybrid vehicles 4

5
X 6
8

Engine displacement
Source: U.S. EPA.
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Find where to put annotations with ggannotate

Install:

remotes::install_github("mattcowgill/ggannotate") ]

Use:

library(ggannotate)

plot <- ggplot(mpg) +
geom_point(aes(x = displ, y = hwy, color = as.factor(cy
theme_half_open()

ggannotate(plot)
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https://github.com/MattCowgill/ggannotate

Your turn [2@:0@]

Use the Lotr_summary data frame to Speaking roles in the LOTR film trilogy was
create the foIIowing chart heavily biased towards male characters
) Female Male
Hints:
S 7,500
e For the geom_labe'l(), use these S
points: £
o X = 0.6 E
oy = 2100 °
e For the geom _curve(), use these £ rose TS, o]
points: z Emaie haohit. |
oXx = 1.2
0
o Xend = 1 Hobbit ~ Man Elf Hobbit
R f charact
o y — 1300 ace or character
o yend = 200
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Intermission

05:00

J
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Color is hard
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How do | know what colors look good together?

Use the color wheel

Image from this color wheel tool
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https://www.sessions.edu/color-calculator/

How do | know what colors look good together?

Use the color wheel

1. Complementary: High contrast

Image from this color wheel tool
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https://www.sessions.edu/color-calculator/

How do | know what colors look good together?

Use the color wheel

1. Complementary: High contrast

2. Analogous: Calm, harmonious

Image from this color wheel tool
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https://www.sessions.edu/color-calculator/

How do | know what colors look good together?

Use the color wheel

1. Complementary: High contrast
2. Analogous: Calm, harmonious

3. Triadic: Vibrant, contrast

Image from this color wheel tool
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https://www.sessions.edu/color-calculator/

Artists use color theory too!
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https://twitter.com/emeldraws/status/1151835561415495681?s=19

Steal colors with the eye dropper tool
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https://chrome.google.com/webstore/detail/eye-dropper/hmdcmlfkchdmnmnmheododdhjedfccka?hl=en

Using your own colors

Map color to variable

mpg_plot <- ggplot(mtcars, aes(x = mpg, y = hp)) +
geom_point/(
aes(color = as.factor(cyl)),
alpha = 0.8, size = 3) +
theme_half_open(font_size = 16) +
labs(x = "Fuel efficiency (mpg)",
y = "Power (hp)",

color = '# cylinders',
title = "Vehicle fuel efficiency vs. power",
caption = "Source: 1974 Motor Trend U.S. magazine

Power (hp)

Vehicle fuel efficiency vs. power

300 1
# cylinders
200 1 4
° ® 6
8
100 - r-

10 15 20 25 30 35
Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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Using your own colors

Map color to variable

mpg_plot <- ggplot(mtcars, aes(x = mpg, y = hp)) +
geom_point/(
aes(color = as.factor(cyl)),
alpha = 0.8, size = 3) +
theme_half_open(font_size = 16) +
labs(x = "Fuel efficiency (mpg)",
y = "Power (hp)",

color = '# cylinders',
title = "Vehicle fuel efficiency vs. power",
caption = "Source: 1974 Motor Trend U.S. magazine

Manually change colors

mpg_plot +
scale_color_manual(values = c(
'#a0522d', '#522da0Q', '#2da052'))

Power (hp)

Vehicle fuel efficiency vs. power

[ ]
300 -
@
o0 .
. o # cylinders
2004 ° 4
00 o ® 6
- © 8
LI ] °
[ &
100 1 ® oo
® @ o e
@

10 15 20 25 30 35
Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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Consider color blind friendly colors

Manually change colors

Deutanomaly

Vehicle fuel efficiency vs. power

mpg_plot_mycolors <— mpg_plot
theme_half_open(font_size
scale_color_manual(values

+

10) +
c(

'#a20522d"', '#522da@', '#2da052'))

3004

) @ # cylinders
2001 ® 4
® 6
@ 3

Power (hp)

Syt SF ®
®

Simulate color blindness with

colorblindr

o0
o * % o :

e © e

o

10 15 20 25 30
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.S. magazine.

35

Tritanomaly

library(colorblindr)

cvd_grid(mpg_plot_mycolors)

Vehicle fuel efficiency vs. power
300 1

# cylinders

® 4
S ® 6

Power (hp)

® @8
o0
1097 * % o °

e ©® (=

L]

0 15 20 25 30
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.5. magazine.

a5

Protanomaly

Vehicle fuel efficiency vs. power

3004

] # cylinders
o ® 4

SR Y ® 6

g ) 8

Power (hp)
g

o0
o * % o ¢

o

10 15 20 25 30
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.S. magazine.

35

Desaturated
Vehicle fuel efficiency vs. power
300 1
= ) # cylinders
= 7
= 2001 ® 4
= S g ® 5
o ® s
o S
[ L]
5]
1097 * % o
o o
L] o %®
1 15 20 25 30

35
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.5. magazine.
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https://github.com/clauswilke/colorblindr

Use palettes

Viridis

viridis

cividis

ColorBrewer

YIOrRd
YIOrBr
YIGnBu
YIGn
Reds
RdPu
Purples
PuRd
PuBuGn
PuBu
OrRd
Oranges
Greys
Greens
GnBu
BuPu
BuGn
Blues

Set3
Set2 |

Set| IHEENNEESS e

Pastel?
Pastel1

Paired B B B2 " BB =

DEWd L P

Accent

Spectral
RAYIGn I
RAY|Bu I

RAGy
RdBu I
PuOr I
PRGn IS
PiYG I
BrBG I
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https://cran.r-project.org/web/packages/viridis/vignettes/intro-to-viridis.html
https://www.datanovia.com/en/blog/the-a-z-of-rcolorbrewer-palette/

3 types of palettes
1. Sequential
2. Diverging

3. Categorical
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3 types Of palettes Sequential palettes

- el

1. Sequential |

2. Diverging —

° YIOrRd ..--
3. Categorical 2

@

Image from betterfigures.org 59 1110


https://betterfigures.org/2015/06/23/picking-a-colour-scale-for-scientific-graphics/

3 typeS Of paletteS Diverging palettes

. RdYIBu ... | ..

1. Sequential = R

2. Diverging N ~Em

) BrBG ... ...
3. Categorical

@

Image from betterfigures.org o 10


https://betterfigures.org/2015/06/23/picking-a-colour-scale-for-scientific-graphics/

3 types of palettes
1. Sequential
2. Diverging

3. Categorical

Categorical palettes

Pastell

Accent

This map identifies the status of
<ounties as either in
metropolitan areas (MAs) or not
in M for the 1890 and 2000
censuses. Beundaries of
individyal MAS 2re not shown.

Each MA contains & large
population tenter and adjacent
Lommunities that have strong
<ommuting ties with that

Budget and are composed of
antire counties. For this map,
New England County
Metropolitan Areas are used as
an aitemative o the city- and
Town-based Miks in New
England. Most counties in
metropolitan areas include bath
urban and rural fand uses.

Metropolitan area status
of counties

— Metropolitan
in 2000 and 1990

Metropalitan in 2000 and
crange [ nenmetropolitan in 1990

Nonmetropolitan in 2000
ch
are [ and metrapolitan in 1880

Nonmetropolitan
in 1390 and 2000

100 Miles T 0 100 Mes
| —

Image from betterfigures.org
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https://betterfigures.org/2015/06/23/picking-a-colour-scale-for-scientific-graphics/

ColorBrewer palettes

Map color to variable

mpg_plot <- ggplot(mtcars, aes(x = mpg, y = hp)) +
geom_point(aes(color = as.factor(cyl)),
alpha = 0.8, size = 3) +
theme_half_open(font_size = 16) +
labs(x = "Fuel efficiency (mpg)",
y = "Power (hp)",

color = '# cylinders',
title = "Vehicle fuel efficiency vs. power",
caption = "Source: 1974 Motor Trend U.S. magazi

Use "Dark2" palette

mpg_plot +

scale_color_brewer(palette = 'Dark2')

Power (hp)

300

)]
o
o

100

Vehicle fuel efficiency vs. power

# cylinders
© 00 o © 6
® o 8
L J . ®
°e o
o ) @
10 15 20 25 30 35

Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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ColorBrewer palettes

mpg_plot +
scale_color_brewer(
palette =

'Setl'

)

mpg_plot +

scale_color_brewer(
palette =

'Set2'

)

mpg_plot +

scale_color_brewer(
palette = 'Accent')

Vehicle fuel efficiency vs. power

3004
=
<
= 200
B (4 1]
[w]
o
e @ ®
100 ° Se
e © oo
®
10 15 20 25 30 35

Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.

# cylinders
e 4
® 6

8

300 A

Power (hp)

1001

]

(=]

(=]
1

Vehicle fuel efficiency vs. power

10 15

20 25 30 35
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.S. magazine.

# cylinders

300 1

Power (hp)

100 -

Vehicle fuel efficiency vs. power

# cylinders

4
6
8

15 20 25 30 35
Fuel efficiency (mpg)
Source: 1874 Motor Trend U.S. magazine.
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viridis palettes

Map color to variable

mpg_plot <- ggplot(mtcars, aes(x = mpg, y = hp)) +
geom_point(aes(color = as.factor(cyl)),
alpha = 0.8, size = 3) +
theme_half_open(font_size = 16) +
labs(x = "Fuel efficiency (mpg)",
y = "Power (hp)",

color = '# cylinders',
title = "Vehicle fuel efficiency vs. power",
caption = "Source: 1974 Motor Trend U.S. magazi

Use viridis colors

mpg_plot +
scale_color_viridis(discrete = TRUE)

Power (hp)

300

]

o

o
1

100

Vehicle fuel efficiency vs. power

# cylinders

° 4
° ® 6
8

®® ®

0 -
[ ] ® P
® @ [ I
[ ]
10 15 20 25 30 35

Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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viridis palettes

-

mpg_plot +
scale_color_viridis(
discrete = TRUE,
option = 'viridis')

-

mpg_plot +
scale_color_viridis(
discrete = TRUE,
option = 'inferno')

\

mpg_plot +
scale_color_viridis(
discrete = TRUE,
option = 'plasma')

Vehicle fuel efficiency vs. power

3004

# cylinders

=
<
— 200 ® 4
g [ ® B
£ 8

| I *

P -

100 ° o9 o
® [ ] [ I ]
L ]
10 15 20 25 30 35

Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.

Power (hp)

Vehicle fuel efficiency vs. power

300
200+
[ ]
L I ] *
100 ° %o o
® [ ] [ I ]
L ]
10 15 20 25 30 35

Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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100 -

Vehicle fuel efficiency vs. power
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Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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Fun custom palettes

Inauguration palette PNWColors

Shuksan

[ e o 8
#3327 10 #7467 Te #acBedb #d7D 1 c5,#ebbded #12cecT #8e3d1 #lefbed

inauguration_2021
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https://github.com/ciannabp/inauguration
https://github.com/jakelawlor/PNWColors

Consider using color + f1 L1 for points

ggplot(mtcars, aes(x = mpg, y = hp)) +

geom_point (

aes(fill = as.factor(cyl)),

color = 'white', shape = 21,

size = 3.5, alpha = 0.8) +
scale_fill_brewer(palette = 'Dark2') +
theme_half_open(font_size = 15) +
labs (

X =

"Fuel efficiency (mpg)",

y = "Power (hp)",

fill = '"# cylinders',

title = "Vehicle fuel efficiency vs
caption = "Source: 1974 Motor Trend

. power",

U.S. magazine.")

300

Power (hp)

100 1

Vehicle fuel efficiency vs. power

# cylinders

4
L1 6
8

»

L ]

10 1 20 25 30 35
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.S. magazine.
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grey ="Other"

dod_spending_plot <- federal_spending %>%
mutate(department = fct_other(
department, keep = 'DOD')) %>%
group_by(department, year) %>%
summarise(rd_budget = sum(rd_budget) / 107°3)
ungroup() %>%
mutate(department = fct_relevel(
department, c('Other', 'DOD'"))) %>%
ggplot() +
geom_area(aes(x = year, y = rd_budget,
fill = department)) +
scale_y_continuous(
expand = expand_scale(mult = c(0, 0.05))
scale_fill_manual(
values = c('grey', 'sienna')) +

theme_minimal_hgrid() +
labs(x = NULL,

y = 'R& Budget ($ Billions)',

fill = 'Department’,

caption = 'Source: AAAS')

dod_spending_plot

R&D Budget ($ Billions)

200

150

100

50

Department
Other

B pob

1980 1990 2000 2010
Source: AAAS
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grey = "Other"

dod_spending_plot + dod_spending_plot + dod_spending_plot +
scale_fill_manual( scale_fill_manual( scale_fill_manual(
values = c('grey40', 'sienn values = c('grey60', 'sienn values = c('grey80', 'sienn

200 200 200

‘2 150 2 150 2 150
9 S S
@ @ @
& Department & Department e Department
D B Other k] I Other @ Other
émoo B oop émoo B oop §’1°° B pob
om om m
£ o o
o oF o3
i 4 i

50 50 50

0 0 0

1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Source: AAAS Source: AAAS Source: AAAS
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Your turn [2@:@@]

Make 3 different versions of this chart: Wildlife impacts in 2016

1. Change the colors to the "RdY LBu"
ColorBrewer palette.

2. Change the colors to the "inferno"

Phase of flight
palette from the viridis library.

Arrival
Departure
Other

g
-
=
2
(o}
L

3. Change the colors to your custom
triadic palette:

o Use the tool in 200

Google Chrome to select a color Speed (mph)
from a website, then
o Use your color and the
to find a triadic color palette.
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https://chrome.google.com/webstore/detail/eye-dropper/hmdcmlfkchdmnmnmheododdhjedfccka?hl=en
https://www.sessions.edu/color-calculator/
https://www.sessions.edu/color-calculator/

Week 10: Polishing Charts

1. Scales

2. Annotations
BREAK

3. Colors

4. Fonts

5. gmd tricks
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Fonts matter

"Fast Taco" "Mega Flicks"
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Best resource on fonts:

practicaltypography.com
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https://practicaltypography.com/

Roboto
Source
Fira
Alegreya

Lato

Font families you should consider using

Download:

e Individually from https://fonts.google.com/
o All of these with this zip file
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https://fonts.google.com/
https://github.com/emse-eda-gwu/2022-Fall/raw/main/content/fonts.zip

Use fonts to create hierarchy

# Hierarchy

## Hierarchy H Iera rChy

### Hierarchy

#### Hierarchy HlerarChy
Hierarchy
Hierarchy
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Title

This is some text that goes into detail and
explains a lot more about the topic
described in the title. Here's some
random Latin words: Lorem ipsum dolor
sit amet, consectetur adipiscing elit, sed
do eiusmod tempor incididunt ut labore et
dolore magna aliqua.

87 /10



Size

This is some text that goes into detail and
explains a lot more about the topic
described in the title. Here's some
random Latin words: Lorem ipsum dolor
sit amet, consectetur adipiscing elit, sed
do eiusmod tempor incididunt ut labore et
dolore magna aliqua.
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Weight

This is some text that goes into detail and
explains a lot more about the topic
described in the title. Here's some
random Latin words: Lorem ipsum dolor
sit amet, consectetur adipiscing elit, sed
do eiusmod tempor incididunt ut labore et
dolore magna aliqua.
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Color

This is some text that goes into detail and
explains a lot more about the topic
described in the title. Here's some
random Latin words: Lorem ipsum dolor
sit amet, consectetur adipiscing elit, sed
do eiusmod tempor incididunt ut labore et
dolore magna aliqua.
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Spacing

This is some text that goes into detail and
explains a lot more about the topic
described in the title. Here's some
random Latin words: Lorem ipsum dolor
sit amet, consectetur adipiscing elit, sed
do eiusmod tempor incididunt ut labore et
dolore magna aliqua.
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Typeface

This is some text that goes into detail and
explains a lot more about the topic described in
the title. Here's some random Latin words:
Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua.
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Title

Subtitle

This is some text that goes into detail and
explains a lot more about the topic described
in the title. Here's some random Latin words:
Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua.
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Use fonts with same-height numbers

"Oldstyle" (bad) 234 56’7 890
1234567890

Lining (good)
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Use fonts with same-width numbers

Poporionat (a9) 1931567890
1234567890

"Tabular" (sood)
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How to customize fonts in ggplot
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1. Change the whole theme

For "Base R" themes, use base_family:

theme_minimal(base_family = "Roboto Condensed")

theme_bw(base_family = "Roboto Condensed")

For "cowplot" themes, use font_family:

theme_half_open(font_family = "Roboto Condensed")

theme_minimal_grid(font_family = "Roboto Condensed")
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1. Change the whole theme font

Make the base plot

mpg_plot <- ggplot(mtcars) +

int( ( ho)) + Vehicle fuel efficiency vs. power
geom_point(aes(x = mpg, y = hp Select makes and model
theme_minimal(base_size = 15) + elect makes and mode’s
labs ( 1

x = "Fuel efficiency (mpg)", 300

y = "Power (hp)", .

title = "Vehicle fuel efficiency vs. power", - <.

subtitle = "Select makes and models", < .

caption = "Source: 1974 Motor Trend U.S. magazine.")| &*" ]

) Dg_ i LA R ]
100 . % . ’
10 15 20 25 30 35

Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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1. Change the whole theme font

Use base_family with base themes

mpg_plot <- ggplot(mtcars) +
geom_point(aes(x = mpg, y = hp)) +
theme_minimal(

base_family = 'Source Sans Pro',
base_size = 15) +
labs (
x = "Fuel efficiency (mpg)",
y = "Power (hp)",
title = "Vehicle fuel efficiency vs. power",
subtitle = "Select makes and models",
caption = "Source: 1974 Motor Trend U.S. magazine.'")

Power (hp)

300

100

Vehicle fuel efficiency vs. power
Select makes and models

10 15 20 25 30 35
Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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1. Change the whole theme font

Use font_family with cowplot themes

mpg_plot <- ggplot(mtcars) +
geom_point(aes(x = mpg, y = hp)) +
theme_minimal_grid(
font_family = 'Source Sans Pro',
font_size = 15) +
labs (
x = "Fuel efficiency (mpg)",
y = "Power (hp)",
title = "Vehicle fuel efficiency vs. power",
subtitle = "Select makes and models",
caption = "Source: 1974 Motor Trend U.S. magazine.'")

Vehicle fuel efficiency vs. power
Select makes and models

300

200 *

Power (hp)

100 * ° o

10 15 20 25 %0 *
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.S. magazine.
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2. Adjust theme elements with e Lement _text()

mpg_plot <- ggplot(mtcars) +
geom_point(aes(x = mpg, y = hp)) +
theme_minimal_grid(

font_family = 'Source Sans Pro',
font_size = 15) +
theme (
plot.title = element_text(
family = "Roboto Condensed",
size = 20)) +
labs (
X = "Fuel efficiency (mpg)",
y = "Power (hp)",

title = "Vehicle fuel efficiency vs. power",
subtitle = "Select makes and models",
caption = "Source: 1974 Motor Trend U.S. magazine.'")

See theme components here

Vehicle fuel efficiency vs. power

Select makes and models

300

200 *

Power (hp)

100 e 4

10 15 20 25 30 »
Fuel efficiency (mpg)

Source: 1974 Motor Trend U.S. magazine.
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https://ggplot2.tidyverse.org/reference/theme.html

3. Adjust annotations:

geom_text (), geom_label(),and annotate()

label <- "Higher power engines,
often come at the expense,
of fuel economy."

mpg_plot +

geom_label(
data = data.frame(

lineheight = .8, hjust = 0,

x =17, y = 270, label = label),
aes(x = x, y = vy, label = label),

family = 'Roboto Condensed')

Vehicle fuel efficiency vs. power

Select makes and models

300

Power (hp)

100

10

200 °

Higher power engines,
e |often come at the expense,
of fuel economy.

15 20 25 30 35
Fuel efficiency (mpg)
Source: 1974 Motor Trend U.S. magazine.
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The hrbrthemes package:

Great themes + great fonts

library(hrbrthemes)

mpg_plot <- ggplot(mtcars) +
geom_point(aes(x = mpg, y = hp)) +

labs (
x = "Fuel efficiency (mpg)",
y = "Power (hp)",
title = "Vehicle fuel efficiency vs. power",
subtitle = "Select makes and models",
caption = "Source: 1974 Motor Trend U.S. magazine
mpg_plot +

theme_ipsum()

Power (hp)

Vehicle fuel efficiency vs. power

Select makes and models

100 i)

10 15 20 2 30 =
Fuel efficiency (mpg)

Source: 7974 Motor Trend U.S. magazine.
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https://github.com/hrbrmstr/hrbrthemes

The hrbrthemes package:

Great themes + great fonts

mpg_plot +

mpg_plot +
theme_ipsum_rc()

theme_ipsum()

mpg_plot +
theme_ft_rc()

Vehicle fuel efficiency vs. power Vehicle fuel efficiency vs. power
Select makes and models

Select makes and models

[ il
£ 300 5 300
Ll -
200 * 200 *
L] -
- -
100 . s 100
-
.
10 5 2 25 0 35 10 15 20 25 30 35
Fuel of (mpn) Fuel efficiency (mpg)
Source: 974 Moo UL 5. magazine. Source: 1944 Moler [rend U5 magzzne.

Vehicle fuel efficiency vs. power
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https://github.com/hrbrmstr/hrbrthemes

Your turn

Modify the fonts and annotations in the dumbbell Top 10 milk producing states
chart to match the chart shown here. The main font
is 'Roboto Condensed'. California

Wisconsin

Once you've recreated the plot, try other fonts and
themes, such as: New York

Idaho

e The 'Source Sans Pro' font.
e The 'Lato' font. Texas
e The theme_ipsum() theme from the Michigan

hrbrthemes library.

Pennsylvania

Hint: Use annotate() to insert the year labels at the Minnesota
tO p: New Mexico
e 1970: x = 9’ y = 10.5 Washington
e 2017:X = 40,y = 10.5 2 30

Milk produced (billion Ibs)
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Week 10: Polishing Charts

1. Scales

2. Annotations
BREAK

3. Colors

4. Fonts

5. gmd tricks
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Use themes to change global look

Change theme in YAML List of themes

header
https://quarto.org/docs/output-

formats/html-themes.html

title: Your title
author: Author name
toc: true

format:
html:
theme: united
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https://quarto.org/docs/output-formats/html-themes.html
https://quarto.org/docs/output-formats/html-themes.html

Use Quarto extensions

https://quarto.org/docs/extensions/
Some personal favoriates:
e lightbox

e elevator
e wWebR

108 / 110


https://quarto.org/docs/extensions/
https://quarto-ext.github.io/lightbox/
https://m.canouil.dev/quarto-elevator/
https://quarto-webr.thecoatlessprofessor.com/

Set a global chart theme

[theme_set(theme_minimal_grid())
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Check out these Quarto tricks, by Yan Holtz
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https://www.productive-r-workflow.com/quarto-tricks

