Visualize data
with ggplot2




Cars and displacement

What is the relationship between a car's
engine weight (displacement) and its mileage
(miles per gallon)?



Your turn #1

Run this code in your Quarto file to make a graph

Pay attention to spelling, capitalization, and parentheses!

ggplot(data = mpg) +
geom_point(mapping = aes(x = displ, y = hwy))

01:00
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mpg) +

point(mapping

ggplot(data

aes(x = displ, y = hwy))
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Lots of people died!

Napoleon’s Grande Armée

|

Died B Survived
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Mapping data to aesthetics

Aesthetic

20 Visual property of a graph
Sl Position, shape, color, etc.

Second Edition

Data

2 Springer A column in a dataset
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Mapping data to aesthetics

Data
Longitude
Latitude

Army size
Army direction
Date
Temperature

Aesthetic
Position (x-axis)
Position (y-axis)
Size

Color

Position (x-axis)
Position (y-axis)

Graphic/Geometry
Point

PoInt

Path

Path

Line + text

_ine + text
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Mapping data to aesthetics

Data aes() geom
Longitude X geom_point()
Latitude y geom_point()
Army size size geom_path ()

Army direction color geom_path()
Date X geom_line() + geom_text()
Temperature y geom_line() + geom_text()
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ggplot() template

ggplot(data = DATA) +
GEOM_FUNCTION (mapping = aes(AESTHETIC MAPPINGS))

ggplot(data = troops) +
geom_path(mapping = aes(x = longitude,
y = latitude,
color = direction,
size = survivors))
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This is a dataset named troops:

longitude latitude direction survivors
24 549 A 340000
24.5 55 A 340000

ggplot(data = troops) +
geom_path(mapping = aes(x = longitude,
y = latitude,
color = direction,
size = survivors))
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mpg) +

point(mapping

ggplot(data

aes(x = displ, y = hwy))

geom
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Heavy cars with better mileage?

displ



color (discrete) size shape

" . . . " : l . " .‘ .
A B Cc B C A B Cc

A
X X X

color (continuous) Fill alpha

’ . . ) ... ) . .
1 2 3 A B C A B Cc

x1 X X
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Mapping columns to aesthetics

ggplot(mpg) + geom_point(aes(x = displ, y = hwy, color = class))
ggplot(mpg) + geom_point(aes(x = displ, y = hwy, size = class))
ggplot(mpg) + geom_point(aes(x = displ, y = hwy, shape = class))
ggplot(mpg) + geom_point(aes(x = displ, y = hwy, alpha = class))
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ggplot(data = mpg) +
geom_point(mapping = aes(Xx

[
[ ]
40 -
[ J
®
@
[ J
( N ]
® [ ]
® [ L
30- N ®
E‘- ® 00 0 00 L 4
@ [ ] o0 o
i o 0 o0 o0 0 o
o 00 00 O 0 o0 0 ©
® o O 00 o o
o0 00 0 o L
e o o 00
e O ° ®
[ ]
20 - ° °
e O o
e o0
[ ] ] o0 o
L
2 3 4
displ

displ, y = hwy, color

class
® 2seater

® compact

® midsize
° o @ minivan
o o ‘
[ ] O i
. pickup
¢ subcompact
()
o
o oo ® suv
oo o o )
o0
eee o o
o (]

class))

20/73



Your turn #2

Add color, size, alpha, and shape aesthetics to your graph.

Do different things happen when you map aesthetics to discrete
and continuous variables?

What happens when you use more than one aesthetic?
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How would you make this plot?




ggplot(mpg) +

. . .
geom_point(aes(x = displ, y = hwy, 40-
color = class)) . class
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ggplot(mpg) +
geom_point(aes(x
color

displ, y = hwy),
”blue")
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ggplot(mpg) +

ggplot(mpg) +

= displ, y = hwy)
”blue”)

point(aes(x

geom

hwy ,

point(aes(x = displ, y =

geom

color

= "blue"))

color
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What's the same? What's different?

? ...... Ezs-

4 5 6 7 2 3 4
displ displ




ggplot(data = DATA) +
GEOM_FUNCTION (mapping = aes(AESTHETIC MAPPINGS))
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Possible geoms

Examplegeom What it makes

gl scom_co1() Bar charts
" geom_text () Text
. geom_point() Points

5 geom_boxplot () Boxplots

} geom_sf () Maps
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Possible geoms

There are dozens of possible geoms!

See 1{0]
complete examples of all the different geom layers

Also see the ggplot cheatsheet
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https://ggplot2.tidyverse.org/reference/index.html#section-layer-geoms
https://ggplot2.tidyverse.org/reference/index.html#section-layer-geoms
https://ggplot2.tidyverse.org/reference/index.html#section-layer-geoms

Your turn #3

Replace this scatterplot with boxplots. Use the cheatsheet.
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Your turn #4

Make a histogram of hwy. Use the cheetsheet.
Hint: don't supply a y variable.

10 20 30 40
hwy
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Your turn #5

Make this density plot of hwy colored by c1ass.

Use the cheatsheet. Hint: don't supply a y variable.

class
024 2seater
compact

midsize

density

0.1- pickup

subcompact

0.0-
20 30 40
hwy
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Complex graphs!




Your turn #6

Predict what this code will do. Then run it.

goplot(data = mpg) +
geom_point(mapping = aes(x = displ, y = hwy)) +
geom_smooth(mapping = aes(x = displ, y = hwy))

02:00
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Global vs. local

Any aesthetics in ggplot () will show up in all geom_ layers

ggplot(data = mpg, mapping = aes(x = displ, y = hwy)) +
geom_point() +
geom_smooth ()

35/73



Global vs. local

Any aesthetics in geom_ layers only apply to that layer

ggplot(data = mpg, mapping = aes(x = displ, y = hwy)) +
geom_point(mapping = aes(color = drv)) +
geom_smooth ()
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There are many other layers
we can use to make and

enhance graphs!
Facets

We sequentially add layers Scales v
onto the foundational G§°T§“{'-es v
ggplot() plot to create i V. -

complex figures

37/73



Putting it all together

We can build a plot sequentially
to see how each grammatical layer
changes the appearance



Start with data and aesthetics

40 -
ggplot(data = mpg,
mapping = aes(x = displ,
y = hwy,
color = drv))
30 -
S
.C

20 -
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Add a point geom .

[ ]
40 -
ggplot(data = mpg,
mapping = aes(x = displ, .
y = hwy, :
color = drv)) + oo
geom_point() b drv
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Add a smooth geom :

40 -
ggplot(data = mpg,
mapping = aes(x = displ,
y = hwy,
color = drv)) +
geom_point() + »
geom_smooth () 5,30- a“y
£ —— 1
-
20 -

§ |73



Make it straight

40 -
ggplot(data = mpg,
mapping = aes(x = displ,
y = hwy,
color = drv)) +
geom_point() +
geom_smooth(method = "1m") %0
H
20 -

10 -

tt b2
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Use a viridis color scale

40 -
ggplot(data = mpg,
mapping = aes(x = displ,
y = hwy,
color = drv)) +
geom_point() +
geom_smooth(method = "lm") + 30~
scale_color_viridis_d() _g
20 -

10 -

drv

- 4

e f
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40 -
30 -
ggplot(data = mpg,
mapping = aes(x = displ, 20-
y = hwy, 10 -
color = drv)) +
geom_point() +
geom_smooth(method = "1lm") + 40~
scale_color_viridis_d() + > 30 -
facet_wrap(vars(drv), ncol = 1) Z
20 -
10 -
40 -
30 -
20 -
10 -

drv
= /

—g |
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Add labels

ggplot(data = mpg,
mapping = aes(x displ,

y = hwy,
color = drv)) +

geom_point() +
geom_smooth(method = "1m")
scale_color_viridis_d() +
facet_wrap(vars(drv), ncol 1) +

labs(x = "Displacement", y = "Highway MPG"

=+

color = "Drive",

title = "Heavier cars get lower mileaj
subtitle = "Displacement indicates we"
caption = "I know nothing about cars"

40 -

30-

40 -

30 -

20-

10-

Heavier cars get lower mileage
Displacement indicates weight(?)

4

4 5 6 7
Displacement

| know nothing about cars

Drive
- 4

== |
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ggplot(data = mpg,
mapping = aes(x displ,
y = hwy,
color = drv)) +

geom_point() +
geom_smooth(method = "1m")
scale_color_viridis_d() +
facet_wrap(vars(drv), ncol 1) +

labs(x = "Displacement", y = "Highway MPG"

=+

color = "Drive",

title = "Heavier cars get lower mileaj

subtitle = "Displacement indicates we"

caption = "I know nothing about cars"
theme_bw()

Heavier cars get lower mileage
Displacement indicates weight(?)

4

40 -

30

20 1

10 -

404

30

20 4

10 -

4 5 6 7
Displacement

| know nothing about cars

Drive
|

== f
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: Heavier cars get lower mileage
MOdlfy the theme Displacement indicates weight(?)

4
40 -
ggplot(data = mpg,
. : 30
mapping = aes(x = displ, o .
y — hwy 20 A ® ® o, 9 Py
’ 10 -
color = drv)) + f
geom_point() + gzm_ 3

geom_smooth(method = "lm") + =

scale_color_viridis_d() + & 30 W .
facet_wrap(vars(drv), ncol 1) + Z 20-

labs(x = "Displacement", y = "Highway MPG" T 10-

color = "Drive", r

title = "Heavier cars get lower mileaj 40 A

subtitle = "Displacement indicates we" 30 A

caption = "I know nothing about cars" 20 -
theme_bw() + 10 . : : . . .
theme (legend.position = "bottom", 2 3 4 5 6 7

plot.title = element_text(face = "bo Displacement

Drive =e= 4 =o= f r

| know nothing about cars
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Heavier cars get lower mileage
Displacement indicates weight(?)

4
40 -
ggplot(data = mpg,
. : 30
mapping = aes(x = displ, o .
y — hwy 20 A ® ® o, 9 Py
’ 10 -
color = drv)) + f
geom_point() + gzm_ 3

geom_smooth(method = "lm") + =

scale_color_viridis_d() + & 301 M o
facet_wrap(vars(drv), ncol 1) + Z 20-

labs(x = "Displacement", y = "Highway MPG" T 10-

color = "Drive", r

title = "Heavier cars get lower mileaj 40 A

subtitle = "Displacement indicates we" 30 A

caption = "I know nothing about cars" 20 -
theme_bw() + 10 . : : . . .
theme (legend.position = "bottom", 2 3 4 5 6 7

plot.title = element_text(face = "bo Displacement

Drive =e= 4 =o= f r

| know nothing about cars
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So many possibilities!

Facets v
Scales V
Geometries v
Aesthetics V
Data v

These were just a few
examples of layers!

See
1{] g

complete examples of
everything you can do
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https://ggplot2.tidyverse.org/reference/index.html
https://ggplot2.tidyverse.org/reference/index.html
https://ggplot2.tidyverse.org/reference/index.html

With the grammar of graphics,
we don't talk about specific
chart types

Hunt through Excel menus for a

stacked bar chart and manually
reshape your data to work with it
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With the grammar of graphics,
we do talk about specific
chart elements

Facets

Map a column to the x-axis, fill by a Scales
different variable, and geom_co1() to Geometries
Aesthetics

get stacked bars Data

Geoms can be interchangable
(e.g. switch geom_violin() to
geom_boxplot())
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Describing graphs with the grammar

Map wealth to the x-axis, health to the

y-axis, add points, color by continent, %
size by population, scale the y-axis .
with a log, and facet by year -
o 40~

ggplot(filter (gapminder, E
year %in% c(2002, 2007)), = 80-
aes(x = gdpPercap, 20-

y = LlifeExp,

color = continent, 60~
size = pop)) + 50 -
geom_point() + 40 -

scale_x_loglo() +
facet_wrap(vars(year), ncol

1)

2002

2%
o l's
- ’0"«?9-

2007

\Q-d?"?*‘

300 1000 3000 10000 30000
gdpPercap

pop

@® 2.50e+08
@ 5.00e+08
@ 7.50e+08

continent
Africa
® Americas
® Asia
® FEurope

Oceania
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Describing graphs with the grammar

Map health to the x-axis, add a Afica Americas psia

histogram with bins for every 5 years, 1s-
| |III|I|I --Ill L |||I|-

fill and facet by continent 0

w

ggplot(gapminder_2007,

o

aes(x = lifeExp, E . 40 50 60 70 80 90
0 . Q Europe Oceania
fill = continent)) + O
geom_histogram(binwidth = 5, 15 -
color = "white") +
guides(fill = FALSE) + 10-
facet_wrap(vars(continent)) 5. I
0- n H
40 50 60 70 80 90 40 50 60 70 80 90
lifeExp
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Describing graphs with the grammar

Africa Americas Asia Europe Oceania
continent

Map continent to the x-axis, health to

80 -

the y-axis, add violin plots and semi-
transparent boxplots, fill by continent

60 -

ggplot(gapminder, L%
aes(x = continent, 2
y = lifeExp, n

fill = continent)) +
geom_violin() +
geom_boxplot(alpha = 0.5) +
guides(fill = FALSE)

40-
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Scales change the properties of the variable mapping

Example layer What it does
scale_x_continuous () Make the x-axis continuous
scale_x_continuous(breaks = 1:5) Manually specify axis ticks
scale_x_loglo () Log the x-axis
scale_color_gradient() Jse a gradient
scale_fill_viridis_d() 1Ll with discrete viridis colors
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lifeExp

80 -

70 -

60 -

50 -

40 -

300

scale_x_loglo()

1000 3000 10000
gdpPercap

30000

pPop

® 250e+08
@ 5.00e+08
@ 7.50e+08

continent
Africa
® Americas
® Asia
® Europe

Oceania

scale_color_viridis_d()

o, pop
80 - PO .:, '.’ @ 2.50e+08
o o @ 5.00e+08
¢ @ 7.50e+08

o, '.. .}
70 - .aﬁ":' .

< °
L r °
:.g 60 - -.Q ® 0 ° ® )
= - . . continent
e o °* * .
° » o ® Africa
50 - ° ®e — D ® Americas
| L] .
® , * o o ® Asia
o
° " oo ® Europe
40 - ' Oceania
300 1000 3000 10000 30000
gdpPercap
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Your turn #7

Make this density plot of disp1 filled by drv.
Use the viridis fill scale.

For bonus fun, try a different viridis option like ptasma or inferno.

0.6-

0.4-

density

0.2-

o
| 3
- - I

R ; P : ; ©3:00
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ggplot(mpg,
aes(x = displ,
fill = drv)) +
geom_density(alpha = 0.75) +
scale_fill_viridis_d(option = "plasma")




Facets show subplots for different subsets of data

Example layer What it does
facet_wrap(vars(continent)) Plot for each continent
facet_wrap(vars(continent, year)) Plot for each continent/year
1) Put all facets in one column
facet_wrap(..., nrow = 1) Put all facets in one row

facet_wrap(..., ncol
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facet_wrap(vars(continent))

Africa Americas Asia
pop
80 - ) ‘ ::
.j e ® 250e+08
70-
1T @ 5.00e+08
60 - - @ 750e+08
50 -
o
% 40 1 1 1 1 1 1
Lqu, Europe Oceania 30010080000 00
i .
= 80- ’ continent
." Africa
70 -
®  Americas
60 -
® Asia
50 1 ® Europe
40 L 1 1 1 L} 1 1 1 1 1 1 Oceania
300100800000800003001 00B00MDOBO000
gdpPercap

facet_wrap(vars(continent, year))

2002 2002 2002 2002 2002
Africa Americas Asia Europe Oceania pop
801 :l ‘, @ 2.50e+08
70~ ' @ 5.00e+08
601 . e o @ 7.50e+08
501 @ 1.00e+09
40 - .
o @ 1 25-+00
L|>j 2007 2007 2007 2007 2007
[
Q : . . ,
= Africa Americas Asia Europe Oceania continent

® Americas

80 -
J. g { Africa
70 - °
®
11 °

60 -
® Asia
50 -
o) ® Europe
40 ) 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 ] 1 1 1 1 1
300ZA0NED S0 ORNRNITID 80 0EH0DDID B0 ORENT WEETN Oceania

gdpPercap
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Your turn #8

Facet this scatterplot by drv. Are there any interesting trends?

40 class

2seater
compact
30- midsize

hwy

pickup

20 - subcompact

©3:00

61/ 73



ggplot(mpg,
aes(x = displ,
y = hwy,
color = class)) +
geom_point() + ® 2seater
facet_wrap(vars(drv)) ® compact

class

midsize
minivan
pickup
subcompact

Suv




Change the coordinate system

Example layer What it does

Standard x-y coordinate

coord_cartesian() system

coord_cartesian(ylim = c(1,

Zoom in where y is 1-10
10))

coord_flip() Switch x and y
coord_polar () Use circular polar system
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Coordinates

coord_cartesian(ylim = c(70, 80), coord_flip()
x1lim = ¢ (10000, 30000))
a2’ pop
' .
- @,
80.0 - . ® 2.50e+08 30000 - :. 8 (] @® 2.50e+08
o
. . . ° @ 5.00e+08 ) [ 4 @ 5.00e+08
. S @ 7.50e+08 %" @ 7.50e+08
77.5- 10000 1 o™ ¢ @ 1.00e+09
1.00e+09 '
® . Q ®oed
©e @ 2509 S I h . @ 2500
o L) ® ° sl [
> ~ ® O ]
o 750" % 3000- . &,
£ ’ S ‘ tinent
= . ¢ continent S @ g continen
L | -
* ‘ Africa o’ Africa
725- e e ° o . ,
| ¢ ® Americas 1000 - b ° Americas
° ® Asia ¢ Asia
70.0 - . ® Europe ¢ EU"OPPT
' ' : . 300 - Oceania
10000 20000 30000 Oceania . . . . .
gdpPercap 40 50 60 70 80
lifeExp
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Add labels to the plot with a single 1abs () layer

Example layer What it does
labs(title = "Neat title") Title

labs(caption = "Something") Caption
labs(y = "Something'") y—axis
labs(size = "Population") Title of size legend
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Labels

Health and wealth grow together

ggplot(gapminder_2007, Data from 2007 Continent
aes(x = gdpPercap, y = lifeExp, ® Africa

color = continent, size = pop)) + 80 - o  Americas
geom_point() + = * Asia
scale_x_loglo() + 2
. © 70- ® FEurope
labs(title = "Health and wealth grow togetl % _
subtitle = "Data from 2007", % | Cceanla
x = "Wealth (GDP per capita)", > 60-
y = "Health (1life expectancy)", = 8% o ¢ . . Population
color = "Continent", = o .p. ! . @® 2.50e+08
size = "Population", %50' T T o* @ 5000408
caption = "Source: The Gapminder Proj¢ ® . — @ '
* "o . @ 7.50e+08
.| | - | | @ 1.00e+09
300 1000 3000 10000 30000 @ 125400

Wealth (GDP per capita)

Source: The Gapminder Project
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Change the appearance of anything in the plot

There are many built-in themes

Example layer What it does
theme_grey()  Default grey background
theme_bw () Black and white
theme_dark () Dark

theme_minimal() Minimal

67 [ 73



theme_dark()
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Theme

There are collections of pre-built themes online,
like the ggthemes package

ggthemes

. Diamond Prices

theme_wsj theme_tufte theme_stata theme_solid
Wall Street Journal theme Tufte Maximal Data, Minimal Ink Themes based on Stata graph Theme with nothing other than a

Theme schemes background color

Diamond rices

theme_solarized theme_map theme_igray theme_hc

ggplot color themes based on the Clean theme for maps Inverse gray theme Highcharts JS theme
Solarized palette
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Organizations often make their own custom themes, like the BBC

Theme

Blue wave

= Won seat Didn't win

Democrat candidates
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https://bbc.github.io/rcookbook/

Theme options

Make theme adjustments with theme()

There are a billion options here!

theme_bw() +

theme (legend.position = "bottom",
plot.title = element_text(face = "bold"),
panel.grid = element_blank(),
axis.title.y = element_text(face = "ditalic"))
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Saving graphs

Use ggsave() to save a plot to your computer

Store plot as an object, feed it to ggsave()

my_plot <- ggplot(...)

ggsave("plot_name.pdf", my_plot, width
ggsave("plot_name.png", my_plot, width

5, height
5, height
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Transforming and
manipulating data with dplyr



