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The Grammar of Graphics

e Visualization concept created by Leland Wilkinson (The Grammar of Graphics,
1999)

e attempt to taxonomize the basic elements of statistical graphics
o Adapted for R by Hadley Wickham (2009)
= consistent and compact syntax to describe statistical graphics
= highly modular as it breaks up graphs into semantic components

= goplot2 is not meant as a guide to which graph to use and how to best convey
your data (more on that later), but it does have some strong opinions.
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Terminology

A statistical graphicis a...

e mapping of data

e which may be statistically transformed (summarized, log-transformed, etc.)
e to aesthetic attributes (color, size, xy-position, etc.)

e using geometric objects (points, lines, bars, etc.)

e and mapped onto a specific facet and coordinate system

Sta 323 - Spring 2025



Anatomy of a ggplot call

ggplot(
data = [dataframel,

mapping = aes(
x = [var x], y = [var y],
color = [var colorl],
shape = [var shapel,

)
) +
geom_[some geom] (
mapping = aes(
color = [var geom color],

)
) +

. # other geometries
scale_[some axis]_[some scale] () +
facet_[some facet]([formula]) +

. # other options
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Data - Palmer Penguins

Measurements for penguin species, island in Palmer Archipelago, size (flipper
length, body mass, bill dimensions), and sex.

library(palmerpenguins)
penguins

CENTOO/  ADijy

C\\\“S;EA P/

# A tibble: 344 x 8
species island bill_length_mm bill_depth_mm

<fct> <fct> <db1> <db 1>
1 Adelie Torgersen 39.1 18.7
2 Adelie Torgersen 39.5 17.4
3 Adelie Torgersen 40.3 18
____________ 4 Adelie Torgersen NA NA
______ ' [gill deptn 5 Adelie Torgersen 36.7 19.3
6 Adelie Torgersen 39.3 20.6
7 Adelie Torgersen 38.9 17.8
8 Adelie Torgersen 39.2 19.6
9 Adelie Torgersen 34.1 18.1
10 Adelie Torgersen 42 20.2

# i 334 more rows
# i 4 more variables: fllpper length_mm <int>,

4L Ihadi: mamamaa A~ PR TS ~ s P = [P N, PRV .
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Text <-> Plot



Start with the penguins data frame

1 ggplot(data = penguins)
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Start with the penguins data frame, map bill depth to the x-axis

1 ggplot(

2 data = penguins,

3 mapping = aes(

4 x = bill_depth_mm
5 )

6 )
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis.

1

2 data = penguins,

3 mapping = aes(

4 x = bill_depth_mm,
5 y = bill_length_mm
6

7

60-

gth_mm
3

bill_len:

IS
S
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each

observation with a point

ggplot(
data = penguins,
mapping = aes(
X = bill_depth_mm,
y = bill_length_mm
)
) +
geom_point()

ngth_mm
g

bill_le:

~
=)
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1

Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point.

1 ggplot(

2 data = penguins,

3 mapping = aes( "

4 x = bill_depth_mm, , L ;

5 y = bill_length_mm Lo T
6 ) §| ‘l: S LICIL I P ’-' o ° ‘ :Z::Z:ap
7). " R TP

8 geom_point( co R

9 mapping = aes(color = species) e

o) o
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point. Title the plot “Bill depth and length”

= penguins,
mapping = aes(

X = bill_depth_mm,
y = bill_length_mm

) +
geom_point(
mapping = aes(color

1

2

3

4

5

6 )
7

8

9

0 ) +
1

species)

Bill depth and length

60-

gth_mm
g

bill_len:

»
=)

labs(title = "Bill depth and length")
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point. Title the plot “Bill depth and length”, add the
subtitle “Dimensions for Adelie, Chinstrap, and Gentoo Penguins”

1 ggplot ( Bill depth and length .
5 data = penguins, _ insors b k. oo, o P

3 mapping = aes(

4 x = bill_depth_mm, e

5 y = bill_length_mm g” . -iy,?%; : speces
5 ) R e R R N ol
7 ) + z . o ’ TR : i
8  geom_point( - . -Zg?ﬁ?;f}ﬁfu‘.{

9 mapping = aes(color = species) R A A

10 ) + | ’ | |

11 labs( o bil_depth rom 0

12 title = "Bill depth and length",

13 subtitle = paste("Dimensions for Adelie

14 "Chinstrap, and Gentoo!

15 "Penguins")

16 )
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point. Title the plot “Bill depth and length”, add the
subtitle “Dimensions for Adelie, Chinstrap, and Gentoo Penguins”, label the x and y axes as “Bill depth (mm)” and “Bill

length (mm)’; respectively

1 ggplOt ( Bill depth and length _
5 data = penguins, i r G, ars Gons Prn

3 mapping = aes(

4 x = bill_depth_mm, e

5 y = bill_length_mm £~ i _“.Lh£: ' pocis
6 ) g ccmelmentec Talen e L L e
7 ) + = . . e o :. o : . B cerioo
8 geom_point( eyl

9 mapping = aes(color = species) A A

10 ) + | ’ | |

11 labs( s et

12 title = "Bill depth and length",

13 subtitle = paste("Dimensions for Adelie

14 "Chinstrap, and Gentoo!

15 "Penguins"),

16 x = "Bill depth (mm)",

17 y = "Bill length (mm)"

18 )
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point. Title the plot “Bill depth and length”, add the
subtitle “Dimensions for Adelie, Chinstrap, and Gentoo Penguins”, label the x and y axes as “Bill depth (mm)” and “Bill

length (mm)”, respectively, label the legend “Species”

1 ggplot( |
2 data _ penguinS’ GO-DlmenswnsforAdelle,Chlnstrap,andGentooPengums

3 mapping = aes(

4 x = bill_depth_mm,

5 y = bill_length_mm £ IR L P A Spocis
6 ) e vt S N R S S
7 ) + : -.u:" . 3 B %'i e ) N o
8 geom_point( gt s

9 mapping = aes(color = species) R A A

10 ) + | ’ | |

11 labs( s et (o)

12 title = "Bill depth and length",

13 subtitle = paste("Dimensions for Adelie|

14 "Chinstrap, and Gentoo!

15 "Penguins"),

16 x = "Bill depth (mm)",

17 y = "Bill length (mm)",

18 color = "Species"

19 )
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point. Title the plot “Bill depth and length”, add the
subtitle “Dimensions for Adelie, Chinstrap, and Gentoo Penguins”, label the x and y axes as “Bill depth (mm)” and “Bill
length (mm)”, respectively, label the legend “Species”, and add a caption for the data source.

1 ggplot( Bl depth and ongth |
2 data — penguins’ 60-Dlmenswnsfc;)r/-\delle, Chinstrap, and Gentoo Penguins

3 mapping = aes(

4 x = bill_depth_mm, A .

5 y = bill_length_mm £ PR L ' Species
5 ) Poocaclmme i Uelon S L o
7 ) + Ew. B ’: ‘.:.. -.. . . g’ :|;:. 5 o Gentoo
S geonpoint! S R

9 mapping = aes(color = species) O T

10 ) + b s 2o

11 labs( il dept (mm) Source: pamerpenguins package

12 title = "Bill depth and length",

13 subtitle = paste("Dimensions for Adelie|

14 "Chinstrap, and Gentoo!

15 "Penguins"),

16 x = "Bill depth (mm)",

17 y = "Bill length (mm)",

18 color = "Species",

19 caption = "Source: palmerpenguins packat

20 )
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Start with the penguins data frame, map bill depth to the x-axis and map bill length to the y-axis. Represent each
observation with a point and map species to the color of each point. Title the plot “Bill depth and length”, add the
subtitle “Dimensions for Adelie, Chinstrap, and Gentoo Penguins”, label the x and y axes as “Bill depth (mm)” and “Bill
length (mm)”, respectively, label the legend “Species”, and add a caption for the data source. Finally, use the viridis color

palette for all points.

1 ggp lot( Bill depth and length .

, data = penguins, _ s G, s s Prn

3 mapping = aes(

4 X = bill_depth_mm,

5 y = bill_length_mm £ ' Species
6 ) g . :'. v N e
8 geom_point ( BT e T

9 mapping = aes(color = species) N R

10 ) + s s 260

11 labs ( ploepm mm Soures pamerpenin acage

12 title = "Bill depth and length",

13 subtitle = paste("Dimensions for Adel.

14 "Chinstrap, and Gent¢

15 "Penguins"),

16 x = "Bill depth (mm)",

17 y = "Bill length (mm)",

18 color = "Species",

19 caption = "Source: palmerpenguins pacl

20 ) +

21 scale_color_viridis_d()
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Aesthetics



Aesthetics options

Commonly used characteristics of plotting geometries that can be mapped to a
specific variable in the data, examples include:

e position (x, y)

e color

® shape

® size

e alpha (transparency)

Different geometries have different aesthetics available - see the ggplot2 geoms
help files for listings.

e Aesthetics givenin ggplot() apply to all geoms.

o Aesthetics for a specific geom_x() can be overridden via mapping or as an
argument.
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https://ggplot2.tidyverse.org/reference/index.html#Geoms

color

1 ggplot(

2 penguins, aes(x = bill_depth_mm, y = bill_length_mm)
3 ) +

4 geom_point(
5 aes(color = species)
6

)

Warning: Removed 2 rows containing missing values or values outside the
scale range ( geom_point() ).
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Stop the warning

1 ggplot(

2 penguins, aes(x = bill_depth_mm, y = bill_length_mm)
3 ) +

4 geom_point(
5 aes(color = species), na.rm=TRUE
6

)
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species
© Adelie
® Chinstrap
® Gentoo
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Shape

Mapped to a different variable than color

1 ggplot(

2 penguins, aes(x = bill_depth_mm, y = bill_length_mm)
3 ) +

4 geom_point(
5 aes(color = species, shape = island), na.rm = TRUE
6

)
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Shape

Mapped to same variable as color

penguins, aes(x = bill_depth_mm, y = bill_length_mm)

1 ggplot(
2
30) +
4 geom_point(
5 aes(color
6 )
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Size
Using a fixed value - note that this value is outside of the aes call

ggplot(
penguins, aes(x = bill_depth_mm, y = bill_length_mm)

1
2
3 ) +

4 geom_point(

5 aes(color = species, shape = species), na.rm = TRUE,
§) size = 3

7

)

60 - u

A
] A
| " A
A
u - ] A A A T A
m s A A AAy A A
n m 1 Y L e el

50 | A ‘ A 4 A .
E n ﬂ.- - A A A AL species

| pm BB .
_%) m ¥ ? H.I A “:A A A A 4 A - © Adelie
3 | * .. [ ] .. uA = A A = A Chinstrap
— | | [ ) (]
= - .. A By = By | AA A ® A . ! ... . | B Gentoo

| 0.0
[ _J () [ J [ )
40- 4 A.. 'o: . %, ::’ 3': % o
I ORI T A N E
o 5 %, § 0% o0e%, o -
o, 8 e, 82 %
o © o ® (] Y
@ ) [ J
° ]
[ ]
[ ]
15.0 175 20.0
bill_depth_mm

Sta 323 - Spring 2025


http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf

Size
Mapped to a variable

175
bill_depth_mm
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1 ggplot(
2 penguins, aes(x = bill_depth_mm, y = bill_length_mm)
3 ) +
4 geom_point(
5 aes(color = species, shape = species, size = body_mass_g), na.rm = TRUE
6 )
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Alpha

1 ggplot(

2 penguins,

3 aes(x = bill_depth_mm, y = bill_length_mm)
4 ) +

5 geom_point(
6 aes(color = species, shape = species, alpha = body_mass_g), na.rm = TRUE,
7 size = 3
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Mapping vs settings

e Mapping - Determine an aesthetic (the size, alpha, etc.) of a geom based on the
values of a variable in the data

= wrapped by aes() and pass as mapping argument to ggplot() or geom_x().

e Setting - Determine an aesthetic (the size, alpha, etc.) of a geom using a constant
value not directly from the data.

= passed directly into geom_x() as an argument.

From the previous slide color, shape, and alpha are all aesthetics while size was a
setting.
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Faceting

e Smaller plots that display different subsets of the data
e Useful for exploring conditional relationships and large data

e Sometimes referred to as “small multiples”
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facet_grid

ggplot(

penguins, aes(x =

) +

geom_point(na.rm =

facet_grid(
species ~ island

)
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Compare with. ...

1 ggplot(

2 penguins, aes(x = bill_depth_mm, y = bill_length_mm)
3 ) +

4 geom_point(
5 aes(color = species,shape = island), na.rm = TRUE, size = 3
6

)
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facet_grid (cols)

ggplot(
penguins, aes(x = bill_depth_mm, y = bill_length_mm)
) +

geom_point(na.rm = TRUE) +
facet_grid(

~ species
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ggplot(

penguins, aes(x =

) +

facet_grid(
species ~ .

)
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facet_wrap

ggplot (
penguins, aes(x = bill_depth_mm, y = bill_length_mm)
) +
geom_point(na.rm = TRUE) +
facet_wrap(
~ species

)
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facet_wrap

ggplot (
penguins, aes(x = bill_depth_mm, y = bill_length_mm)
) +
geom_point(na.rm = TRUE) +
facet_wrap(
~ species, ncol = 2
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Faceting and color

ggplot(

penguins, aes(x = bill_depth_mm, y = bill_length_mm, color =

) +

facet_grid(
species ~ sex

)
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Hiding legend elements

1 ggplot(

2 penguins, aes(x = bill_depth_mm, y = bill_length_mm, color = species)
3 ) +

4 geom_point(na.rm = TRUE) +
5 facet_grid(
6 species ~ sex

7 ) +

8 guides(color = "none")
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A brief plot tour
of ggplot2 plots



Histograms

ggplot (

penguins, aes(x = body_mass_qg)
) +

geom_histogram()

“stat_bin()" using "bins = 30 . Pick better value with
"binwidth .

20-
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count
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4500 5500
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Histograms - bins

ggplot (
penguins, aes( x

) +

geom_histogram(bins

body_mass_g )

= 50)
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Histograms - binwidth

ggplot (
penguins, aes( x

) +

body_mass_g )

geom_histogram(binwidth = 250)
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Histograms - color

1 ggplot(

2 penguins, aes(x = body_mass_g, color = species)
3 ) +

4 geom_histogram(bins = 20)
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Histograms - fill

1 ggplot(

2 penguins, aes(x = body_mass_g, fill = species)
3) +

4 geom_histogram(bins = 20)
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Histograms - position

1 ggplot(

2 penguins, aes(x = body_mass_g, fill = species)
30) +

4 geom_histogram(

5 bins = 20, alpha = 0.5, position = "identity"
6 )
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Histograms - facets

ggplot(

penguins, aes(x = body_mass_g, fill = species)

) +

facet_grid(species ~

1
2
3
4 geom_histogram(bins
5
6

guides(fill = "none")

2
.)

Q) +
+
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Density plot

ggplot (

penguins, aes(x = body_mass_qg)
) +

geom_density()
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Density plot - fill

ggplot (

penguins, aes(x = body_mass_g, fill = species)
) +

geom_density(alpha = 0.25)
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Density plot - adjust

ggplot (
penguins, aes(x = body_mass_g, fill = species)

) +
geom_density(
adjust = 0.5, alpha = 0.25

)
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Violin plot

1 ggplot(

2 penguins, aes(x = species, fill = species, y = body_mass_g )
3) +

4 geom_violin()
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Ridge plot

1 ggplot(

2 penguins, aes(x = body_mass_g, y = species, fill = species)
30) +

4 ggridges: :geom_density_ridges(alpha = 0.5)
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Ridge plot - more categories + dplyr

penguins |>
mutate( species_sex = paste@( species, " (", sex, ")") ) |>
ggplot( aes(x = body_mass_g, y = species_sex, fill = species) ) +
ggridges::geom_density_ridges( alpha = 0.5 )
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Box plot

ggplot (

penguins, aes(x = body_mass_g, y = species)
) +

geom_boxplot()
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Box plot - coord_flip

ggplot (

penguins, aes(x

) +

geom_boxplot() +
coord_Tlip()

body _mass_g

6000 -
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= body_mass_g, y = species)

L}
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Box plot - swap coords

ggplot (

penguins, aes(x = species, y = body_mass_g)
) +

geom_boxplot()
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Scatter plot

ggplot (
penguins, aes(x = bill_depth_mm, y = bill_length_mm, color =

1
2
3 ) +
4 geom_point()

species)
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Scatter plot - geom_smooth

ggplot (

1

2

3 aes(x =
4 ) +
5

6

“geom_smooth()"

60-

gth_mm
3

bill_len

N
o
'

30-

penguins,

bill_depth_mm,

geom_point() +
geom_smooth( fullrange

using method

15.0

y

= bill_length_mm, color

TRUE )

'loess' and formula =

175
bill_depth_mm
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Scatter plot - geom_smooth w/ Im

ggplot (
penguins, aes(x = bill_depth_mm, y = bill_length_mm, color = species)

) +
geom_point() +
geom_smooth (
method = "lm", se = FALSE, fullrange = TRUE

)

“geom_smooth()  using formula = 'y ~ x
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Line plot

1 penguins |>

2 count(species, year) |>

3 ggplot(

4 aes(x = year, y = n, color = species, group = species)
5 ) +

6 geom_1line()

50-
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Line plot - with points

1
2
3
4
5
6
7/

penguins |>
count(species, year) |>
ggplot (
aes(x = year, y = n, color = species, group = species)
) +
geom_line() +
geom_point()

50- e ,___-————-——-—-——""""'—"—'_—-—-_—-—-——_——-—-—-‘

40-
species
~o— Adelie
—o— Chinstrap
—o- Gentoo

30-

2007.0 2007.5 2008.0 2008.5 2009.0
year
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Bar plot

1 ggplot(

2 penguins, aes(x = species)
3 ) +

4 geom_bar()
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Stacked bar plot

1 ggplot(
2 penguins, aes(x = species, fill = island)
3) +
4 geom_bar()
- island
*g .Biscoe
8 .Dream
.Torgersen

50 -

Adelie Chinstrap Gentoo
species
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Stacked relative frequency bar plot

1 ggplot(
2 penguins, aes(x = species, fill = island)
3 ) +
4 geom_bar(position = "fill")
island

0.25-

0.00 -
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species

Sta 323 - Spring 2025


http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf
http://127.0.0.1:6153/Lec09.html?print-pdf

Dodged bar plot

1 ggplot(

2 penguins, aes(x = species,fill = sex)
3) +

4 geom_bar(position = "dodge")
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Exercise 1

Recreate, as faithfully as possible, the following plot using ggplot2 and the penguins
data.

female
0.0015-
0.0010-
0.0005 -
Species
0.0000 -
. Adelie
male .
Chinstrap
0.0015~- .
. Gentoo
0.0010~-
0.0005 -
0.0000 -

3000 4000 5000 6000
Body Mass (g)
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Exercise 2

Recreate, as faithfully as possible, the following plot from the palmerpenguin

package README in ggplot2.

Flipper and bill length

Dimensions for Adelie, Chinstrap and Gentoo Penguins at Palmer Station LTER

60

a
o

Bill length (mm)

Penguin species

~
o

=@=  Adelie
== Chinstrap
== Gentoo

220 230

200 210
Flipper length (mm)

170 180 190
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See the palmerpenguins pkgdown site
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https://allisonhorst.github.io/palmerpenguins/

