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The ggp Lot () function

ggplot () fromthe ggplot2 package is what we're gonna
use for all our plots

It takes the following core arguments:

ggplot(data, aes()) + geometry + other stuff
e Data: the values to plot

e Mapping (aes, for aesthetics): the structure of the plot

o Geometry: the type of plot

You can also use a pipe

data |>
ggplot(aes()) + geometry + other stuff






The ggp Lot () function

Take for instance the gapminder data you’ve previously installed.

library(gapminder)
# The data() function in R is used to list, load,

# and access built-in or package-provided datasets.
data(gapminder)

Let’s get a quick overview of the data again.

head(gapminder)

# A tibble: 6 x 6

country continent year lifeExp pop gdpPercap

<fct> <fct> <int> <dbl> <int> <dbl>
1 Afghanistan Asia 1952 28.8 8425333 779.
2 Afghanistan Asia 1957 30.3 9240934 821.
3 Afghanistan Asia 1962 32.0 10267083 853.
4 Afghanistan Asia 1967 34.0 11537966 836.
5 Afghanistan Asia 1972 36.1 13079460 740.
6 Afghanistan Asia 1977 38.4 14880372 786.






What's the relationship between life
expectancy and GDP per capita?

... we expect of course that higher GDP per capita leads to greater life expactancy.






What's the relationship between life
expectancy and GDP per capita?

ggggggggggggggggggg

o We first assign the
gapminder data to
ggplot()

e Theresultisjustan
empty plot






What's the relationship between life
expectancy and GDP per capita?

ggplot
NeXt we map Oth the mapping = aes(x = gdpPercap, vy = lifeExp))
plot by adding the x
and y axes
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What's the relationship between life
expectancy and GDP per capita?

ggplot(data = gapminder,

L We then deﬁne hOW we mapping = aes(x = gdpPercap, y = lifeExp)) +
geom point()
want to plot our data

e Inthis case, let’s go for

the raw data points BN - .

/ .
L °
...

30(|)00 60000 90000
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Mapping data to aesthetics

So far, only two variables appear in our plot (mapped onto the x and the y axis)

But we can add more variables to the plot, by assigning them to certain asthetics
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Mapping data to aesthetics

ggplot(data = gapminder,
L FOF example, we Can mapping = aes(x = gdpPercap, y = lifeExp)) +
: . m int()
display the variable R

continent as colors
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Mapping data to aesthetics

ggplot(data = gapminder,
L FOF example, we Can mapping = aes(x = gdpPercap, y = lifeExp, color = continent)) +

geom_point()

display the variable
continent as colors

e Note that alegend gets
added automatically to

continent

the plot . B e
7 - -
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| A Europ
Y
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%
40 - :4‘ &
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gdpPercap
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Mapping data to aesthetics

ggplot(data = gapminder,
L We COUId further mapping = aes(x = gdpPercap, y = lifeExp, color = continent,

display population size geom point () Thee T peR))
by mapping it to the
size aesthetic

pop

® 250e+08
@ 5.00e+08
@ 7.50e+08
@ 1.00e+09

@ 125400
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lifeExp

continent
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® l..?‘ S,
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gdpPercap
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Grammatical Layers

So far we know about data, aesthetics,
and geometries

Think of these components as layers

We add them to foundational ggplot ()
with +

Geometries ‘
Aesthetics v
Data v
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Possible aesthetics

color (discrete) size shape
color (continuous) fill alpha

] ‘ ‘ ) O‘O ] ‘ ‘
1 2 3 A B c A B ¢
x1 X X
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Possible geoms

Example geom

What it makes

geom_col() Bar charts
*@3\3
geom_text () Text
d geom_point() Points
geom_boxplot() Boxplots
) geom_sf() Maps
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Possible geoms

There are dozens of possible geoms and
each class session will cover different ones.

See the {ggplot2} documentation for complete examples of all the different geom
layers
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https://ggplot2.tidyverse.org/reference/index.html#section-layer-geoms




Additional Layers

There are many of other
grammatical layers we can use to
describe graphs!

We sequentially add layers onto
the foundational ggp lot () plot

to create complex figures

Coordinates
Facets
Scales

Geometries

Aesthetics
Data

20






Scales

Scales change how variables are mapped

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_1logl0()

Log the x-axis

scale_color_gradient()

Use a gradient

scale fill viridis d()

Fill with discrete viridis colors
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Scales

1 ggplot(data = gapminder,

2 mapping = aes(x = gdpPercap, y = lifeExp, c
3 size = pop)) +

4 geom point()

80-
pop

® 2.500+08

. @ 5.00e+08

¢ @ 7.50e+08

. @ 1.00e+09

° @ 1.:25¢+00

continent
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.
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Scales

-

1 ggplot(data = gapminder,

2 mapping = aes(x = gdpPercap, y = lifeExp, c 201
3 size = pop)) + F?zmm
4 @ 5.00e+08
5 o
@ 1256409

geom point() +
scale x loglO()

continent
©  Africa

®  Americas
® Asia

®  Europe

.

Oceania

1e+03 1e+04 1e+05
gdpPercap







cales

ggplot(data = gapminder,
mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) +

80-
pop

® 2.500+08
@ 5.00e+08
@ 7.50e+08
@ 1.00e+09
@ 1.:25¢+00

geom point() +
scale x loglO() + o
scale color viridis d()

continent

®  Africa

® Americas
407 ® Asia
©  Europe

Oceania

1e+05

1e403 1e+04
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Facets

Facets show subplots for different subsets of data

Example layer What it does

facet_wrap(vars(continent)) Plot for each continent

facet_wrap ncol = 1) Put all facets in one column

(

facet _wrap(vars(continent, year)) Plotforeachcontinent/year
(.
(.

facet_wrap nrow = 1) Put all facets in one row
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Facets

ggplot(data = gapminder,

80~

mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) + pop
. @ 250e+08
geom point() + @ 5000408
@ 7.50e+08
scale x loglO() + o) ® oo
scale color viridis d() o @ 125000
w
g continent
® Africa

®  Americas
4011 o Asia
©  Europe

Oceania

1e+05

1e+04

gdpPercap







acets

ggplot(data = gapminder,
mapping = aes(x =
size

geom point() +
scale x loglO() +

gdpPercap, Vv
= pop)) +

scale color viridis d() +
facet wrap(vars(continent))

lifeExp, c

80~

60-

60~

40-

1e+03
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1e+04

1e+05

Americas

0 1e+03 1e+04 1e+05
Oceania
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gdpPercap
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@ 5.00e+08
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@ 1.00e+09
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continent
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Americas
Asia
Europe

Oceania
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acets

ggplot(data = gapminder |>

filter(year %$in% c(2002, 2007)
mapping = aes(x = gdpPercap, y =
size = pop)) +

geom point() +

scale x loglO() +

scale color viridis d() +

facet wrap(vars(continent,
year), nrow

= 2)
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Coordinates

Change the coordinate system

Example layer

What it does

coord _cartesian()

Plot for each continent

coord_cartesian(ylim = c(1, 10))

Zoom in whereyis 1-10

coord_flip()

Switch x andy

coord_polar()

Use circular polar system
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Coordinates

ggplot(data = gapminder,
mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) +

80-
pop

® 2.500+08
@ 5.00e+08
@ 7.50e+08
@ 1.00e+09

@ 1.:25¢+00

geom point() +
scale x loglO() + ol
scale color viridis d() o
w
£ continent
® Africa
® Americas
® Asia
©  Europe

Oceania

1e+05

1e403 1e+04
gdpPercap







Coordinates

ggplot(data = gapminder,

mapping = aes(x = gdpPercap, y = lifeExp, c : o
size = pop)) + ’ E L 9F s pop
1 . > L] @ 2.50e+08
geom_p01nt ( ) + 775- - J @ 5.00e+08
scale_x_loglO () + . ° | ° . : :‘:2::22
scale color viridis d() + e o . J o . 00 [° . @ 125009
. . w 750- . [ ]

coord cartesian(ylim = c(70, 80), £ ¢ o 00 . . (] ) continent
x1lim = c¢(10000, 30000)) L ° .' o -

725 ] : ’ .‘ ° ® Asia

K] = . o Europe
[ . e Ve ° . Oceania
[ 4 ° .
70.0 e . O

gdpPercap






oordinates

ggplot(data = gapminder,

mapping = aes(x = gdpPercap, y =

size =
geom point() +
scale x loglO() +
scale color viridis d() +
coord flip()

pop)) +

lifeExp, c

gdpPercap

1e+05-

1e+04 -

1e+03 -

40

lifeExp

60

80

pop

® 2.500+08
@ 5.00e+08
@ 7.50e+08
@ 1.00e+09
@ 1.:25¢+00

continent
®  Africa
®  Americas
® Asia
©  Europe

Oceania
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Labels

Add labels to the plot with a single labs () 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






A U W DN

ggplot(data = gapminder,

mapping = aes(x = gdpPercap, y = lifeExp, c a1
size = pop)) + p:p
[ ] 5:009+OB
@ 7.50e+08
@ 1.00e+09

@ 1:25¢+00

geom point() +
scale x loglO() + o
scale color viridis d()

lifeExp

continent
®  Africa
®  Americas
® Asia
¢ Europe

Oceania

1e+03 1e+04 1e+05
gdpPercap







ggplot(data = gapminder,
mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) +

scale x loglO() +
scale color viridis d() +

1
2
3
4 geom point() +
5
6
7 labs(title = "Health and wealth grow together")

80~

Health and wealth grow together

gdpPercap

1e+04

1e+05

pop

® 2.50e+08
@ 5.00e+08
@ 7.50e+08
@ 1.00e+09
@ 1:25¢+09

continent
® Africa
®  Americas
® Asia
©  Europe

Oceania
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1
2
3
4
5
6
7
8

ggplot(data = gapminder,

mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) +
geom point() +
scale x loglO() +
scale color viridis d() +
labs(title = "Health and wealth grow together",
subtitle = "Data from the world")

Health and wealth grow together
Data from the world

80~

40-

1e+03 1e+04 1e+05
gdpPercap

pop

2.50e+08

@ 5.00e+08
@ 7.50e+08
@ 1.00e+09

@ 1250409

continent

Africa
Americas
Asia
Europe

Oceania
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ggplot(data = gapminder,

mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) +

geom point() +

scale x loglO() +

scale color viridis d() +

labs(title = "Health and wealth grow together",
subtitle = "Data from the world",
x = "Wealth (GDP per capita)")

Health and wealth grow together
Data from the world

80~

40-

1e+03 1e+04 1e+05
Wealth (GDP per capita)

pop

2.50e+08

@ 5.00e+08
@ 7.50e+08
@ 1.00e+09

@ 1250409

continent

Africa
Americas
Asia
Europe

Oceania
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[

ggplot(data = gapminder, Health and wealth grow together
mapping = aes(x = gdpPercap, y = lifeExp, c pata from the world

size = pop)) + 0- .

geom point() + ® 2500008

scale_x_loglO() + - B 5

scale color viridis d() + § - @ rooeco

labs(title = "Health and wealth grow together", g & oo
subtitle = "Data from the world", % continent

x = "Wealth (GDP per capita)", Ew_ o

y = "Health (life expectancy)") ..

Oceania

1e+03 1e+04 1e+05
Wealth (GDP per capita)







ggplot(data = gapminder, Health and wealth grow together
mapping = aes(x = gdpPercap, y = lifeExp, c pata from the world
size = pop)) + s0- o
geom point() + ® 2500008
@ 5.00e+08
scale_x_loglO ( ) * 5 . ’ @ 7.50e+08
scale color viridis d() + 5 oo- :tmm
. " " g 1.25¢+09
labs(title = "Health and wealth grow together", H
subtitle = "Data from the world", < Continent
x = "Wealth (GDP per capita)", s o mercas
y = "Health (life expectancy)", ..
color = "Continent") Oceania
e Wealth (GDP per capi11:)04 e







1 ggplot(data = gapminder, Health and wealth grow together
2 mapping = aes(x = gdpPercap, y = lifeExp, c pata from the world
3 size = pop)) + 801 Continent
4 geom point() + .
5 scale_x loglO() + - HE gy
6 scale color viridis d() + § - - one
7 labs(title = "Health and wealth grow together", g oeeene
8 subtitle = "Data from the world", % TT?QS
9 x = "Wealth (GDP per capita)", s ®| 5000rcs
10 y = "Health (life expectancy)", ::xﬁ
11 color = "Continent", @ 25000
12 size = "Population") | | |

e Wealth (GDP per capi11:)04 e







1 ggplot(data = gapminder, Health and wealth grow together

2 mapping = aes(x = gdpPercap, y = lifeExp, c pata from the world

3 size = pop)) + 80- Continent
4 geom point() + , .
5 scale x loglO() + % o asia

6 scale color viridis d() + £ - il
7 labs(title = "Health and wealth grow together", § _

8 subtitle = "Data from the world", % P:"”!Zﬂfls
9 X = "Wealth (GDP per capita)", = - - o
10 y = "Health (life expectancy)", @ 1000409
11 color = "Continent", . o o zon
12 size = "Population", Tok03 tot0s 1ok05

13 caption = "Source: The Gapminder Project") Vieali (GOP per capt) Souree Tho Gaprincr oot







Theme

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
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1 ggplot(data = gapminder, Health and wealth grow together

2 mapping = aes(x = gdpPercap, y = lifeExp, c pata from the world

3 size = pop)) + 80- Continent
4 geom point() + , .
5 scale x loglO() + % o asia

6 scale color viridis d() + £ - il
7 labs(title = "Health and wealth grow together", § _

8 subtitle = "Data from the world", % P:"”!Zﬂfls
9 X = "Wealth (GDP per capita)", = - - o
10 y = "Health (life expectancy)", @ 1000409
11 color = "Continent", . o o zon
12 size = "Population", Tok03 tot0s 1ok05

13 caption = "Source: The Gapminder Project") Vieali (GOP per capt) Souree Tho Gaprincr oot







ggplot(data = gapminder, Health and wealth grow together

Data from the world

mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) + 80

Continent
Africa

1
2
3
4 geom point() +
5 scale x loglO() +
6
7
8

Americas

Asia

scale color viridis d() + %w e
labs(title = "Health and wealth grow together", §
subtitle = "Data from the world", g %Tﬁis

9 X = "Wealth (GDP per capita)", T 0ete
10 y = "Health (life expectancy)", 1006409
11 color = "Continent", e
12 size = "Population", o403 To+04 Tot05
13 caption = "Source: The Gapminder Project") el (SDF per capl) Soutee Tho Gaprincer Profc

14 theme dark()







1 ggplot(data = gapminder, Health and wealth grow together

2 mapping = aes(x = gdpPercap, y = lifeExp, c Data from the world

3 size = pop)) + & Continent
4 geom point() + , D
5 scale x loglO() + % o asia

6 scale color viridis d() + o -
7 labs(title = "Health and wealth grow together", § _

8 subtitle = "Data from the world", g Pi"’”!iﬂfls
9 X = "Wealth (GDP per capita)", T o i
10 y = "Health (life expectancy)", @ 1000409
11 color = "Continent", . ® rzon
12 size = "Population", To+03 To+04 to+05

13 caption = "Source: The Gapminder Project") Vieali (GOP per capt) Souree Tho Gaprincr oot

14 theme minimal()







Theme

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

ggthemes

,s Diamond Prices T - E— ]
: g :
: 6
§ : e
= Vs2 C 'vasl
g &30 .
¢ § ¥ ot
3 A B
et Pl
§ .
§ .
oo § A P
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

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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https://jrnold.github.io/ggthemes/




Theme

Organizations often make their own custom themes, like the BBC

Blue wave Where penalties are saved
World Cup shootout misses and saves, 1982-2014
= Won seat = Didn't win o
. Sharice Davids, the joint-first ﬁ
Democrat candidates . Native American woman in R°bel"tt° Baggio's @
3 penalty miss in
congress, mcreasedoDem @ the 1994 final °

30 vote share by 13% against Brazil

MPs rejected Theresa May's deal by 230 votes

|13 Con (196) 202

LIS S Con rebels (118) Labour (248) . 432

SNP 35, leDOﬂ’HI,DUP|0,PW‘,Gmon|,ln05(—I

Source: Commons Votes Services. Excludes ‘tellers’, the Speaker and deputies BEEE

Earnings vary across unis even within subjects

In West Virginia 3,

Dems failed to turn

the seat despite a
20% swing their way

|
20 |
i

10 °

Source: Opta

0

R epubli can candidates Population growth 2018-2035 over climate change vulnerability History .

@ Africa © Asia @ Americas @ Europe @ Oceania

30 Republicans held onto 6%
Oregon 2 and Ohio 12,
despite a 15% swing

against them

20

4%

2%

-10% 0% change in +10% +20%

Fast-growing cities face worse climate risks Creatvo arts,

Impact on men's earnings relative to the average degree

—_——
Below average | Above average

Cambridge
Economics V nbria .
© Law .
Business ~hristehuch @
8l8]C] Maths .

| .
I ® Oxford
I .
: ® Bristol
Computing ), .
I .
Psychology : o
Physical Sciences . I .
Politics . | .
. Engineering . |
Kinshasa Comms . |
Geography . |
Allied to medicine g |
Philosophy . |
Languages . |
Architecture - |
Pharmacology . |
Technology . .
Medicine o .
Biosciences . | .
Sociology . |
Sports Sciences . |
Agriculture . | .
|
|

Physics .
X English .
Growing - X

vote share 0%

o
Social care .

Less vulnerable More vulnerable -50% 0% 50% 100%

Source: AP, 19:01 ET BE Source: Verisk M ft. Circle size

p current

BEEE Source: Institute for Fiscal Studies [e]e]C]
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https://bbc.github.io/rcookbook/




Theme options

Make theme adjustments with theme ()

There are a billion options here!

ggplot(data = gapminder,
mapping = aes(x = gdpPercap, y = lifeExp, c
size = pop)) +
geom point() +
scale x loglO() +
scale_color_viridis_d() +

labs(title = "Health and wealth grow together",
subtitle = "Data from the world",
x = "Wealth (GDP per capita)",
y = "Health (life expectancy)",
color = "Continent",
size = "Population",
caption = "Source: The Gapminder Project")

theme minimal()

Health (life expectancy)

Health and wealth grow together

Data from the world

1e+03

1e+04
Wealth (GDP per capita)

1e+05

Source: The Gapminder Project

Continent
® Africa
®  Americas
® Asia
©  Europe

Oceania

Population
@ 250e+08
@ 5.00e+08
@ 7.50e+08
@ 1.00e+09

@ 125400
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Theme options

Make theme adjustments with theme ()

There are a billion options here!

ggplot(data = gapminder,
mapping = aes(x = gdpPercap, V
size = pop)) +

= lifeExp, c

geom point() +
scale x loglO() +
scale_color_viridis_d() +
labs(title = "Health and wealth grow together",

subtitle = "Data from the world",

x = "Wealth (GDP per capita)",

y = "Health (life expectancy)",

color = "Continent",

size = "Population",

caption = "Source: The Gapminder Project")
theme minimal() +
theme (legend.position = "top",

plot.title = element text(face = "bold"),

axis.title.y = element text(face = "italic

Health and wealth grow together

Data from the world

Continent e Africa ® Americas © Asia ©

Health (life expectancy)

Europe Oceania  Population @ 250e+08 @ 5.00e+08 @ 7.50e+08 @ 1.00e+09 @ 1.25¢

1e+05

1e+03 1e+04
Wealth (GDP per capita)

Source: The Gapminder Project
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There are many, many more options

See the {ggplot2} documentation
for complete examples of
everything you can do

Coordinates
acets
Scales v
Geometries v
Aesthetics v
Data v
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https://ggplot2.tidyverse.org/reference/index.html




Your turn #1: untidy temperatures

Take this tibble (very similar toa data. frame) of temperature recordings at three
stations on three dates:

temp data untidy <- tribble(
~date, ~stationl, ~station2, ~station3,
"2023-10-01", 30.1, 29.8, 31.2,
"2023-11-01", 28.6, 29.1, 33.4,
"2023-12-01", 29.9, 28.5, 32.3

)

Imagine our goal is to track temperature across time.
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https://tibble.tidyverse.org/




Your turn #1: untidy temperatures

1. What makes this data untidy? Describe.

2. Make a new data frame called temp_data_tidy.Usepivot_longer() to tidy
the data and create anew temperature and station variable.

3. Make a plot that tracks the temperature changes over time for stationl only. Use
filter() toselectthe station and use mutate() in combination with the
as_date() function to convert the date variable from character to a date format.
into adate. Use geom__ Line for the plot.

4. Now use the the non-filtered data frame with all stations. Add another aesthetic

layer to your previous plot, so that your new plot allows to differentiate
temperature changes between the different stations. Tip: Use co lor
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Your turn #1: untidy temperatures

1. What makes this data untidy? Describe.

date stationl station2 station3

< s 2023- 30.1 29.8 31.2
D > 888 8 10-01
< > O O O 0O
< > O OO0 O
variables observations values 20 2 3 - 2 8. 6 2 9. 1 3 3. 4
11-01
1. Variables are columns 2023- 299 28.5 32.3
2. Observations are rows 12-01
3. Values are cells Multiple observations (temperature

recordings) per row






Your turn #1: untidy temperatures

2. Make a new data frame called temp_data_tidy.Usepivot_longer() totidy
the data and create anew temperature and station variable.

temp data tidy <- temp data untidy |>

Pivot_longer(iZi:SthtfrEzzzizgé:station"),
values_to = "temperature")
date station temperature
2023-10-01 stationl 30.1
2023-10-01 station2 29.8
2023-10-01 station3 31.2
2023-11-01 stationl 28.6
2023-11-01 station2 29.1
2023-11-01 station3 33.4
2023-12-01 stationl 29.9

2023-12-01 station2 28.5







Your turn #1: untidy temperatures

3. Make a plot that tracks the temperature changes over time for stationl only. Use
filter() toselect the station and use mutate () in combination with the

as_date () function to convert the date variable from character to a date format.
into adate. Use geom__Line for the plot.

temp data_tidy |[>
filter(station == "stationl") |[>
mutate(date = as_date(date)) |>

ggplot(aes(x = date, y = temperature)) +
geom line()
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Your turn #1: untidy temperatures

4. Now use the the non-filtered data frame with all stations. Add another aesthetic
layer to your previous plot, so that your new plot allows to differentiate
temperature changes between the different stations. Tip: Use co Lor

temp data_tidy |>
mutate(date = as_date(date)) |>
ggplot(aes(x = date, y = temperature, color = station)) +
geom line()
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That's it for today :)






