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Overview

1. Simple plots in R - ( )

2. Grammar of graphics --- ( )

3. How ggplot2 works (in a nutshell) — (
4. Visualising a categorical variable -- (
5. Visualising a quantitative variable --- (
6. Visualising more than one variable --- (
7. More about visualisation? -— (




1. Simple plotsinR

Plotsinbase
plot() boxplot() hist()
The generic function plot () "knows" what to do (plot) with the input it receives.

# one quantitatieve variable # one qualitative variables
plot(Friends$fluency) plot(table(Friendss$condition))
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2. Grammar of Graphics

A more theoretical approach to visualisation

» Theoretical 'breakdown' of a visualisation into components (called layers)
» One system to create different visualisations

» At the heart of several modern graphical applications:

o ggplot2
o Tableau (Polaris)

o Vega-Lite

Slide taken from slide show by Thomas Lin Pedersen
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Key idea behind the Grammar of Graphics

Layers of a visualisation:

data
aesthetics

themes

Animation by Thomas de Beus

Grammar of Graphics is a bit like cake

Start by setting up the foundation with ggplot()

Specify ingredients (variables) with aes() and a
flavour with scales

Create layers to plot with geoms

Style the cake with theme

Slide by Tanya Shapiro

Grammaear of Graphics

xy, 3902, 29, 9,

4756, x, 72, 633,
647,617, 827, 3,
1, 21, 45, tyu, 6,
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X, 981, hu, 89, 5

Frosting/Decor
theme
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- ==
Grammar of Graphics: data
» Data is not only raw data, but can also be the results from an analysis
group country gender mean_age SD_age CI_lower CI_upper
BE Male BE Male 39 11.0 17.44 60.56
BE Female BE Female 41 13.2 15.13 66.87
BE Other BE Other 36 8.2 19.93 52.07
NL Male NL Male 37 12.0 13.48 60.52
NL Female NL Female 36 14.0 8.56 63.44
NL Other NL Other 31 7.2 16.89 45.11
» Data has to be 'tidy"
9/71
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Grammar of Graphics: aesthetics

e Describe how variables in data are mapped to Three aesthetics mapped: x-axis, y-axis and fill
visual properties. For example:

o variables mapped on x- and y-axis
o variable that defines color or size of points

o ... condition

density

» Change appearances of aesthetics using scales

110
fluency
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Grammar of Graphics: -

e Geometrical shapes at the heart of Geometry used: 'geom_density" Geometry used: 'geom_histogram'
visualisation. For example:

o boxplot

o line ’

o ...

2006 s condition
” fII‘J‘eDncy o " flul;ncy "
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Grammar of Graphics: -

e Also called 'small mu]tiples' Faceted by variable 'condition’ (all facets on 1 row)

English i No subtitles

» Define how much panels are shown and how
they are arranged

condition

Zoo
2 Engish subttes
3 Spanish subliles
°

No sublities

100 1o 120 100 o 120 100 0 120
fluency
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Grammar of Graphics:

« Data might be tidy, but still in need of some
statistical calculations. For example:

o Calculate descriptive statistics to create a
boxplot

o Estimate a linear (or other) model to draw
a regression line in a scatter plot

» Often implicit done by ggplot2

100 110
fluency

3.How ggplot2 works (ina nutshell)

‘geom_boxplot()' computes the necessary statistics in the background

condition

I} Engiish subiites
{I} spanish subtites
I} No subtities

13/71



Time to get the penguins in...

Nice data set that can be used within R source: https://allisonhorst.github.io/palmerpenguins/articles/intro.html)

install.packages("palmerpenguins')
library (palmerpenguins)
data("penguins")

TR

GENTO/

ADELIE/

Time to get the penguins in...

Artwork by @allison_horst

Table 1. Random sample of 10 observations from the Palmer Pinguins dataset
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species
Adelie
Gentoo
Adelie
Gentoo
Chinstrap
Adelie
Chinstrap
Adelie
Adelie
Adelie

island
Dream
Biscoe
Dream
Biscoe
Dream
Torgersen
Dream
Dream
Biscoe

Torgersen

bill length mm bill depth_mm flipper length mm body mass_g

41.1
44.0
40.6
45.5
52.7
38.8
45.2
37.6
36.5
39.0

17.5
13.6
17.2
13.9
19.8
17.6
17.8
19.3
16.6
17.1

190
208
187
210
197
191
198
181
181
191

3900
4350
3475
4200
3725
3275
3950
3300
2850
3050

sex
male

female
male

female
male

female
female
female
female

female

year
2009
2008
2009
2008
2007
2009
2007
2007
2008
2009
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The basics of ggplot2: data & aesthetics

Plot <- ggplot(

6000 -
data = penguins,

5000 -

aes( 3
x = flipper_length_mm, g
y = body_mass_g) é
) = 4000 -
Plot
3000 -
1%0 1%‘30 1&'30 2(']0 2"10 250 250
flipper_length_mm
The basics of ggplot2: geometry
Plot <- ggplot( .
6000 - (XN -
¢ .. o Ll .!
data = penguins, . ,:J oy
5000 - ° .:j;. ;: o.
aes( 9 oL e
x = flipper_length_mm, g I O e S
y = body_mass_g) é - A ..E.”'
+ Q o g % .
) 4000~ — i .:3!_' ol
. 3 ?““rrﬁ”'
geom_point() . ’:=§“°f3r .
'. .:3.: :!;0! T
Plot 3000- T '.o'.: o,
1%0 1%‘30 1&'30 2(']0 2"10 250 250

flipper_length_mm

Not every component of the Grammar of Graphics needs to be defined. The other components have default
values that are automatically applied.
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The basics of ggplot2: facets

Plot <- ggplot(

data = penguins,

aes(
x = flipper_length_mm,
y = body_mass_g)
) +

geom_point() +

facet_wrap(~species)

Plot

The basics of ggplot2:

Plot <- ggplot(

data = penguins,

aes(
x = flipper_length_mm,
y = body_mass_g)
) +

geom_point() +

facet_wrap(~species) +

theme_minimal()

Plot

Adelie Chinstrap Gentoo

6000 -
5000
c:i L]
8 e s
© [ ]
EI % . 4
%\ 3 L] L]
o -
o . .. 4 ‘ L]
000 apuwe®, oo
% '
° L]
¢ -
D) L] ;.‘
.
w00- - o4 =

170180190200210220230170180190200210220230170 180 190200210220 230
flipper_length_mm

theme

Adelie Chinstrap Gentoo

6000
5000
b
3 Y 1
© -
EI [ . o4
3 [ o o
8 %o e )
4000 ..": A . Qo
) ) o
¢ * %
-
o . ;o‘
0
3000 :.... "

170180190200210220230170180190200210220230170180 190200210220 230
flipper_length_mm
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Building a visualisation

6000 -

4000 -

3000-

190 200 210 220 230
flipper_length_mm

170 180

5500 -

4500 -

body_mass_g

190 200 210 220 230
flipper_length_mm

500 -4 '
170 180

6000 -

170 180

190 200 210 220 230

flipper_length_mm

5500 -

Body Mass (g)
Iy
&
3

500 -, i
170 180

190 200 210 220 230
Flipper length (mm)

Several geom_ * options...

Data visualization with ggplot2

Basics (CLTely SR
g8plot2 is based on the grammar of graphics, the idea
hatyou canbuid very gaph rom the same GRAPHICAL PRIMITIVES

et o)

dita geom coordinate plot
FY=A  system

Todisplay values, map riables i thedata to isual

properties of d

(= long,y = at)
2+ geom_blank() and a + expand_limits()
Ensure imits include values across al plots.

+geom_curvefaes(yend = at +1,
~ xend=\cng'l),:urvamre=l]l—x,mnd.Yvymd,

by adding layers ...

A
6000 -
5500-
© 5000 o
2 sex A sex
© ©
E‘ female EI 4500 - female
Z A mae 2z A male
S 4000- 8
3500~ o
.
3000- Rec®
.
. . , . . . . 2500-, . . | . . .
170 180 190 200 210 220 230 170 180 190 200 210 220 230
flipper_length_mm flipper_length_mm
Palmer penguins
Flipper length and body mass for both sexes
5500 5500
Cl Cl
Py sex P sex
@ 3
< 4500 o female < 4500 o~ female
Z & male 3 & male
o o
o o
3500 3500
2500 2500
170 180 190 200 210 220 230 170 180 190 200 210 220 230
Flipper length (mm) Flipper length (mm)
» 4

TWO VARIABLES
both continuous
@ < ggplot(mpe, aes(cty, hwy))

4 e geom_labelaes(abel = cty), nudge x=1,

CHEAT SHEET

Use a geom function to represent data points, use the geom’s aesthetic properties to represent variables.

ggplot2

continuous bivariate distribution
< ggplot(diamonds,aes(cara,pricel)

h+ geom_bin2d(binwidth = (0.25,500))
ipha, color, fil,inetype, size, weight

bk e e
upum}o\nt()
lov hil, shape size, trok

a+geom_path(lineend
S e
KTl

perti

Sndytocatons.

aon n

Fis o = .

dita geom | coordinate plot
aordfh em

Completethe templte below o build a graph.
ot (data = TS +

8Pl
<GEOM_FUNCTION> LIS LRV <MAPPINGS> N
stat =GGIID, position -CLELLLD) +

oo

ot
<CoopmaTe FuNcrion 1 e,
fracer_runcrionwJ

. defaults
" supplied

[<scaL_runcrion-}
g8plot(data = mpg, aes(x = cty, y = hwy)) Begins a plot
that dd

85 +geam_polygonfacs(igha =50) 1., lgha,

e +geom_quantile()
. yralpha, colo,group, netype, size,weight

o)

e+ geom.rugfsides =

b Beomretsestni < ong ymin -t
m ot + 1)) -xmax, xin,
T s, coor. i, Unetype, o8
++ grom.ibbon(aesymin=unemploy 50,
employ +900) - x, ymax, ymin,
Lona, oo ML, droup, Inesper 28

LINE SEGMENTS.

Ipha, color, linety

e+ geom_smooth(method = m)
e oan B, group Ty, sz, weight

o5 pom tetloeabel=ct
R Ry rabegie e v

+geom_density_2d()
s oo Bt Wty szt

h+ geom_hex()
* 4l v.sipha colo, il size

continuous function
i <~ geplot(economics, aes(date, unemploy))
i+ geom_area()
%,y,alpha, color, il linetype, size
/N i+ geom_tine()
%, alph, color, roup, netype, size
J1. i+ geom_step(direction ="hv")
2% x,y,alpha, color, group, linetype, size

b + geom_abline(aes(intercey
b + geom_hline(aes(yinterce
— | b Eeom vina(aestantercep

+Brom-segmentiaestyend ot 1, cad - o + )
B oo Spkeloesongie 11155, e )

ONE VARIABLE  continuous

function per layer.
last_plot() Returns thelastplot
egsave("plt png’ wic

e Bl ot e
Matches file type to fle extension.

ight=5) Saves st ot
directory.

)i
<+ geom_area(stat= "bin")
‘ %Y, alpha, color, i, netype,size

/< geom_density(kemel =gaussian”)
'\ X ysalphs, color, il group, inety

F<- ggplot(mpg, aes(class, hwy))

~ data.frame(grp = (A", "B")
e o s, oy

| j+geom_crossharfatten =2) - x,y, ymax,
o) lpha, color, fil, linetype, size

I £+ geom_col()
Ipha, colg
|

s £+ geom_boxplo)

11 Lo eotar)x sy,

Iph:
color,fil, group, linetype, shape, size, weight

£+ geom_dotplot(binaxis = ', stackdir = “center')
x,,alpha, color, fil, group

§4 1+ seom vitinicale=orest)

T

(1] i+ geom_tinerange)
X ymin, ymax, alpha, color, group, inetype, size

Also geom_errorbarh().

11 1+ geom.pointrange()- xyymin, ymax,
t Ipha, color, il

<+ geom_dotplot()
Lo, color, il

AES common aesthetc values
color and fil-sring (red",“FRRGGEE")

"orsquare’)
‘o bevel’)

size - integer (line width in mm)
shape - integer/shape nameor .

00A+X0V!

asingle character ("a") BBO0ACO

@ studio

<+ geom_freqpoly()
%,y,alpha, color, group inetype, size

<+ geom_histogram(binwidth =
l x,y.alpha, color, fil, inetype,size, weight

1_qq(aes(sample
e e weight

discret
e g@la&(mvg aes(fl)

geom_bar()
il ot cor L ntype, size, wight
-

PBC - CCBYSA RStudio -

both discrete
g <- geplotldiamonds, aesfcut, color))

-. gegrom count) o

data ¢ datarame{murder = USAressSurder,
~olowerrownames(Ushrest))
map < map data("st

¢, &+ geom_itter{height=2,width=2)

e colon il shape, sze

THREE VARIABLES
i et

long"2 + delta_tat#2));1

7 \+geom_contour(acs(z=2)
\@’/ %,2, alpha, color, group, inetype, size, weight

+ geom_contour_filed(aes(fil= )
R frepemag e MEION

,azs[lnn lat)
m_raster(aes(fll <2), hjust =0.5,

geor sfill =
$1205, mterpoate = FALSE)
yalpha il
+ geom
Py

=2)
inetype, size, width

+ 844.448.1212 « rstudio.com + Learn more at ggplot2.tidyverse.org + ggplot2 335 - Updated: 202108

The cheatsheet: https://github.com/rstudio/cheatsheets/blob/main/data-visualization-2.1.pdf
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4. \lisualising a categorical variable

"The bar is open... Let's have a lollipop?"

Visualising a categorical variable?

There are many Ways from Dot to Viz EXPLORE  STORY  ALL  CAVEATS POSTER ABOUT  CONTACT

tO Visualis e a ‘What kind of data do you have? Pick the main type using the buttons below. Then let the

categorical variable...

decision tree guide you toward your graphic possibilities.

Can you think of
some?

Have a look at data to viz.com
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Creating a barplot with geom_bar () or geom_col ()

geom_bar ()

geom_col()
150~ 150~
100~ 100~
50 50 -
0- 0-
Adelie  Chinstrap  Gentoo Adelie  Chinstrap  Gentoo
species species
ggplot( count_data <-
penguins, penguins %>%
aes( count(species, name = 'count')
X = species
) ggplot(
) + count_data,
geom_bar () aes( )
X = species,
# stat_count() does the counting automatically y = count
)
+
geom_col()
25/71
Creating a barplot with bar ()
» Add color to barplot by defining an additional o)
aesthetic: fill
ggplot(
penguins,
aes(
x = species 100
) species
)+
geom_bar (

T Adeie
. Chinstrap
. Gentoo

count

## Additional aesthetic: "fill"-scale
aes(fill = species)

)

Adelie Chinstrap Gentoo
species
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Creating a barplot with geom_bar ()

e Determine fill-colors by adding
scale_fill_manual()

ggplot (.

penguins,

aes(
X = species
)

)+

geom_bar (
aes(fill = species)
) o+

## Specify fill-colors

scale_fill_manual(
values = c("darkorange", "purple", "cyan4")

)

Creating a barplot with geom_bar ()

» Add title, subtitle and change label of x-axis
using labs()

ggplot(
penguins,
aes(
X = species
)
)+
geom_bar (
aes(fill = species) ) o+
scale_fill_manual(
values =
c("darkorange","purple","cyan4")
) o+
## Add title, subtitle and label x-axis
Tlabs(
title = "Palmer penguins",
subtitle = "n observations for species",

x = "n

)

count

count

150 -

species

[ Adeie
. Chinstrap
. Gentoo

o
S

Adelie Chinstrap Gentoo
species

27171

Palmer penguins
n observations for species

150 -

species

[ Adeie
. Chinstrap
- Gentoo

50-

Adelie Chinstrap Gentoo
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Creating a barplot with geom_bar ()

» Add another theme using theme_minimal()

ggplot(

penguins,

aes(
X = species
)

)+

geom_bar (
aes(fill = species)
)+

scale_fill_manual(
values =

c("darkorange","purple","cyan4")

) o+

labs(
title = "Palmer penguins",
subtitle = "n observations for species",
x = "

)+

## Choose theme

theme_minimal()

Creating a barplot with geom_bar ()

 Flip x- and y-axis using coord_flip()
» Remove legend using theme(legend.position

= "none")
ggplot(
penguins,
aes(
X = species
)
)+
geom_bar (

aes(fill = species)
+
scale_fill_manual(
values = c("darkorange","purple",'"cyan4")

)+
Tlabs(
title = "Palmer penguins",
subtitle = "n observations for species",
x = "
)+

## Flip x- and y-axis
coord_flip( ) +
theme_minimal( ) +
## Remove legend
theme (

legend.position = "none"

count

Palmer penguins
n observations for species

150

species
T Adetie
. Chinstrap
. Gentoo
50
0
Adelie Chinstrap Gentoo
Palmer penguins
n observations for species
Gentoo
Chinstrap

Adelie

0

50 100 150
count
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Creating a lollipop plot

Use two geoms: geom_point() and geom_segment()

penguins %>%
count(species) %>%
geplot(
aes(
X = species,
y =n)
+
geom_point(
aes(col = species)

) +
geom_segment (
aes(
X = species,
xend = species,
y =0,
yend = n,
col = species
)
)+

Re-use remainder of code!

scale_fill_manual(
values = c("darkorange","purple","cyan4")

)+
labs
title = "Palmer penguins",
subtitle = "n observations for species",

x = "

) +
coord_flip( ) +
theme_minimal( ) +
theme (
legend.position = "none"

)

Creating a lollipop plot

» Reorder bars' by creating a new variable using
fct_reorder()

penguins %>%
count(species) %>%

mutate (
species_ord = fct_reorder(species,n)

aes(x = species_ord)) +
geom_point(
aes(col = species)

) +
geom_segment (
aes(
X = species,
xend = species,
y =0,
yend = n,
col = species
)
) +

scale_fill_manual(
values = c("darkorange","purple","cyana")

)+
labs(
title = "Palmer penguins",
subtitle = "n observations for species",
X =
) +

coord_flip( ) +
theme_minimal( ) +
theme (
legend.position = "none"
)

Palmer penguins
n observations for species

Gentoo

Chinstrap _—

Adelie

Palmer penguins
n observations for species

Adelie

Gentoo

Chinstrap _—

150

150
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Chosing colors ...

A colorblind-friendly palette

These are color-blind-friendly palettes, one with gray, and one with black.

il EEE HEEER NN

To use with ggplot2, it is possible to store the palette in a variable, then use it later.
# The palette with grey:
cbPalette <- c("#999999", "#E69FQ0", "#S6BAES", "#0GOE73", "#FOEA42", "#0072B2", "#DSSE@Q", "#CCTIAT")

# The palette with black:
cbbPalette <- c("#000000", "#E6OFO", "#SEBAEQ", "#0@9E73", "#FOEA42", "#0072B2", "#DSSEGR”, "#CC79A7")

# To use for fills, add
scale_fill_manual(values=cbPalette)

and point colors, add
anual(values=cbPalette)

This palette is from http://jfly.iam.u-tokyo.ac.jp/color/:

for Photoshop, lllustrator, for Word, Power

Original Simulation Freehand, etc. Point, Canvas, etc.
Protan Deutan Tritan Hue CM,YK(%) R,G,B (0-255) R,G,B (%

WM Black -°  (0,0,0,100) 0,00

g 1 1 1 | )__tan

2 41° (0,50,100,0) (230,159,0)

3 - WM Sky Blue 202° (80,000) (86,180,233)

4- [ i - WM bluish Green  164° (97,0,75,0)  (0,158,115)

5 Yellow 56" (10.590.0) (240,228,66)

6 - - W Blue 202° (100,50,0,0) (0,114,178)

7 Vermilion 27° (0,80,100,0)  (213,94,0)

8 326" (1070,0,0) (204,121,167)

http://www.cookbook-r.com/Graphs/Colors_(ggplot2)/

You can find the qmd-file Exercises_ggplot2.qmd at the course website.
Download the qmd-file Exercises_ggplot2.qgmd to your laptop

Open the file in RStud-io

The file contains a set of coding assignments with empty code blocks

Now, we focus on part 1 of the exercises

Write the code (and test it by running it)

Stuck? No Worries!

o We are there

o Help each other

o There is a solution key (at the website)
(Exercises_ggplot2_solutions.qgmd)
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5. Visualising a quantitative variable

Visualising a quantitative variable?

There are many ways 5.2 Distributions
to visualise a VR ey ——

quantitative
variable... .

C an y Ou thlnk Of Histograms and density plots (Chapter 7) provide the most intuitive visualizations of a distribution, but

both require arbitrary parameter choices and can be misleading. Cumulative densities and quantile-

S Ome ') quantile (g-q) plots (Chapter 8) always represent the data faithfully but can be more difficult to interpret.
Boxplots. Violins Strip Charts Sina Plots.
?éé 0‘0 Py

Stacked Histograms Overlapping Densities Ridgeline Plot

e 1A

Boxplots, violins, strip charts, and sina plots are useful when we want to visualize many distributions at

once and/or if we are primarily interested in overall shifts among the distributions (Chapter 9.1). Stacked
histograms and overlapping densities allow a more in-depth comparison of a smaller number of
distributions, though stacked histograms can be difficult to interpret and are best avoided (Ghapter 7.2).
Ridgeline plots can be a useful alternative to violin plots and are often useful when visualizing very large
numbers of distributions or changes in distributions over time (Chapter 9.2).

Taken from Fundamentals of Data Visualization by Claus Wilke
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Creating a histogram with geom_histogram()

ggplot(
penguins,
aes(
x = flipper_length_mm
)
)+

geom_histogram()

30-

20-

180 200 220
flipper_length_mm
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Creating a histogram with geom_histogram()

» Change breaks on y-axis using
scale_y_continuous()

ggplot(

penguins,

aes(
x = flipper_length_mm
)

) +

geom_histogram() +

## Specify breaks

scale_y_continuous(
breaks = c(seq(0, 25, 5), 29)
)

29-

25-

20-

180 200 220
flipper_length_mm

38/71



Creating a histogram with geom_histogram()

» Change transparency using argument alpha
» Remove minor grid lines using argument
panel.grid.minor = element_blank()

ggplot(

penguins,

aes(
x = flipper_length_mm,
fill = species
)

)+

geom_histogram(
## Change transparency of points
alpha = .7

) +

## Specify breaks

scale_y_continuous(
breaks = c(seq(0, 25, 5), 29)
)+

scale_fill_manual(
values =

c("darkorange","purple","cyan4")

)+

Tlabs (
title = "Palmer penguins",
subtitle = "Histogram of flipper length",
x = "Flipper length"

) +

theme_minimal() +

theme (
## Remove minor grid lines
panel.grid.minor = element_blank()

Creating a density plot with geom_

» Replace geom_histogram() with
geom_density () plot

ggplot(

penguins,

aes(
x = flipper_length_mm,
fill = species
)

)+

## Use geom_density

geom_density(
alpha = .7

) +

scale_fill_manual(
values = c("darkorange","purple",'"cyan4")
) o+

Tlabs(
title = "Palmer penguins",
subtitle = "Density plot of flipper length",
x = "Flipper length"

)+

theme_minimal()

*surface below curve = 100%

Palmer penguins
Histogram of flipper length

29
25
20
species
S 15 Adelie
8 . Chinstrap
. Gentoo
10

180

220

200
Flipper length
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density ()

Palmer penguins
Density plot of flipper length

0.06
0.04 .
species
> "
,@, D Adelie
% . Chinstrap
. Gentoo
0.02
0.00

170 180 190 200 210 220 230
Flipper length
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Creating a density plot with geom_density ()

» Only colored lines by replacing argument i1l
with color

ggplot(
penguins,
aes(
x = flipper_length_mm,
color = species

)+
geom_density() +
## Replace scale_color with scale_fill
scale_color_manual(
values = c("darkorange","purple",'"cyan4")
) o+
Tlabs(
title = "Palmer penguins",
subtitle = "Density plot of flipper length",
x = "Flipper length"
)+
theme_minimal() +
theme (
panel.grid.minor = element_blank()

)
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Or even better... geom_violin() + geom_jitter ()

ggplot(
penguins,
aes (.
X = species,
y = flipper_length_mm,
## Aesthetics fill and color applied to EVERY geom
fill = species,
color = species
)
) +
## Use geom_violin and geom_jitter
geom_violin(
alpha = .65
)+
geom_jitter(
alpha = .7
)+
scale_fill_manual(
values = c("darkorange","purple","cyan4")
) +
scale_color_manual(
values = c("darkorange","purple","cyan4")
)+
labs (
title = "Palmer penguins",
subtitle = "Density plot voor flipper lengte",
y "Flipper length",
X =
) +
theme_minimal() +
theme (
legend.position = "none"
)
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Or even better geom_violin() + geom_jitter ()

» Put names of species on top using argument Palmer penguins

position="top"
» Remove minor grid lines using argument Adelie

panel.grid.major = element_blank() 230

geplot(

penguins,

aes(
X = species,
y = flipper_length_mm,
Fill = species,
color = species
)

)+

geom_violin(

alpha = .65
)+
geom_jitter(

alpha = .7
+

)
scale_x_discrete(
position = "top"

)+
scale_fill_manual

values = c("darkorange","purple","cyan4")

)+
scale_color_manual(

values = c("darkorange","purple","cyand")

)+
labs (
title = "Palmer penguins",

subtitle = "Density plot of flipper length,

y = "Flipper length",
Y=

)+
theme_minimal() +

theme (
Tegend.position = "none",
panel.g: inor = element_blank(),

or grid lines
jor.x = element_blank()

Or a rain cloud plot

Density plot of flipper length

220

210

200

Flipper length

180

170

Palmer penguins
Distribution of flipper length by species

Gentoo

Chinstrap

Adelie

170 180 190 200 210 220 230
Flipper length

Based on the tutorial of Cédric Scherer: https://www.cedricscherer.com/
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Or a rain cloud plot (Appendix 1: How to grow a rain cloud plot?)

Additional package required: ggdist

library(ggdist)
ggplot(penguins, aes(x = species, y = flipper_length_mm)) +
stat_halfeye(

adjust = .5,
width = .6,
.width = 0,
justification = -.2,
point_colour = NA
) +
geom_boxplot(
width = .15,
outlier.shape = NA
)+

geom_point(
size = 1.3,

alpha = .3,
position = position_jitter(
seed = 1, width = .1
)+
labs(
title = "Palmer penguins",

subtitle = "Distribution of flipper length by species",
x = "
y = "Flipper length"
)+
coord_cartesian(xlim = c(1.2, NA), clip = "off") +
coord_flip() +
theme_minimal()
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Exercises [ggplot2] :part2

You can find the qmd-file Exercises_ggplot2.qmd at the course website.
Download this file to your laptop
Open the file in RStud-io
The file contains a set of coding assignments with empty code blocks
Now, we focus on part 2 of the exercises
Write the code (and test it by running it)
Stuck? No Worries!
o We are there

o Help each other
o There is a solution key (Exercises_ggplot2_solutions.qgmd)




6. Visualising more than one variable

Visualising more than one variable?

There are many ways
to visualise more
than one variable...
The choice depends
(among other things)
on the type of
variables you want to
plot:

e only quantitative
variables;

o only qualitative
variables;

 or a combination
of both

Can you think of an
example of each?

fomDatatoViz ~ EXPLORE STORY ALL CAVEATS POSTER ABOUT  CONTACT

Have a look at data to viz.com

48 /71



Visualising more than one variable

We focus today upon:

 scatterplots (two numeric variables, two numeric variables and one categorical variable)
» grouped barplots (two categorical variables)
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Creating a scatterplot with geom_point ()

ggplot( Palmer penguins
penguins, Relation of flipper length with body mass
aes(
X = body_mass_g, 230 0% o
y = flipper_length_mm . 1°
) L] ... ..
o
)+ 220 s : 8.‘-.:8‘.’.. C e e
geom_point() + R .,
n ® < eec’e
.LabS( .: .’.:.% .l . .
title = "Palmer penguins", 210 ......’p.."!. +
subtitle = "Relation of flipper length with body mass", £ KNl « °
y = "Flipper length", & e
x = "Body mass", 5 200 .: . u. .o
) + g R P S
theme_minimal() + w . e P 5ed .‘“ ol
theme ( 190 :o.. *sg " . s
legend.position = "none" 304 g °°
) ° Q.. ..“ .Q . °
.? .‘
180 e A 100
L] L] L]
L]
.
L]
170
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Creating a scatterplot with geom_point () and geom_smooth ()

¢ Add trend line using geom_smooth () Palmer penguins

Relation of flipper length with body mass
ggplot(
penguins, 230
aes(
body_mass_g,
flipper_length_mm 220

X =
y =
)

) +
geom_point() + 210
## Add a trendline
geom_smooth() +
labs(
title = "Palmer penguins",
subtitle = "Relation of flipper length with body mass",
y = "Flipper length", 190
x = "Body mass"
) +
theme_minimal() +
theme (
legend.position = "none"
) 170

200

Flipper length

180

3000 4000 5000 6000
Body mass

Creating a scatterplot with geom_point () and geom_smooth ()

» Linear trend line using argument method = Palmer penguins
"m" Correlation between flipper length and body mass
m
e Remove confidence intervals using argument
se = FALSE
220
ggplot(
penguins,
aes ( £
X = body_mass_g, S
y = flipper_length_mm 5
3 _&200
)+ o
geom_point() +
geom_smooth (
## Add linear trend line
method = "lm", 180
# Remove confidence band
se = FALSE
)+
labs ( 3000 4000 5000 6000
title = "Palmer penguins",

Body mass

subtitle = "Correlation between flipper length and body mas:
y = "Flipper length",
x = "Body mass",

) +

theme_minimal() +

theme (
legend.position = "none"
)
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Creating a scatterplot with geom_point () and geom_smooth ()

» Add shape and color by specifying aesthetics:
shape and color

» Change legend position and background,
position of plot title, and layout of (sub)title

ggplot(
penguins,
aes (.
x = flipper_length_mm,
y = body_mass_g
)

+
geon_point(

color = species,
shape = species
)

size = 3,

alpha = 0.8
+

)
geom_smooth (
aes(color = species),

e = F,
method = "lm"
+

theme_minimal() +
scale_color_manual (
values = c("darkorange","purple","cyand")) +

= "Palmer penguins",
e = "Correlation between flipper length and body mass",

m
Species",
"Species") +

legend.position = c(0.2, 0.7)
legend. background = element_rect(fill = "white", color = NA),
plot.title.position = "plot",

plot.title = element_text(hjust = 0, face= "bold"),
plot.subtitle = element_text(hjust = 0, face= "italic")

n
o

Creating a scatterplot with geom_point () and geom_smooth ()

» Adds facets using facet_wrap()

ggplot(

penguins,

aes(
X
y
)

) +

geom_point( ) +

geom_smooth (
method = "1lm",

body_mass_g,
flipper_length_mm

se = FALSE
)+
facet_wrap(~species) +
Tlabs (
title = "Palmer penguins",
subtitle = "Correlation between flipper length and body mass",
y = "Flipper length",
x = "Body mass",
) +
theme_minimal() +
theme (
legend.position = "none",

plot.title = element_text(hjust = 0, face= "bold"),
plot.subtitle = element_text(hjust = 0, face= "italic")

)
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Creating a barplot of two variables (counts)

Grouped barplot of counts using
position_dodge()

120

80 species
€ Adelie
g |
8 . Chinstrap

40 . Gentoo

0

Biscoe Drearifiorgersen
island

penguins %>%
ggplot(
aes(
x = island,
fill = species

) o+
geom_bar (
position = position_dodge()
+
theme_minimal()

Stacked barplot of counts using argument
position_stack()

150

species
[ Adeie
. Chinstrap

Gentoo
% |

0 I

Biscoe Dreariiorgersen
island

100

count

penguins %>%
ggplot(
aes(
x = island,
fill = species)
)+
geom_bar (
position = position_stack()
)+
theme_minimal()
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Creating a barplot of two variables (percentage)

« Switch to relative frequencies using
position_fill()

penguins %>%
ggplot(
aes(
x = 1island,
fill = species
)
) +
geom_bar (
position = position_fill()
) +

theme_minimal()

0.75

species
€ [ Adeie
3 0.50
8 . Chinstrap
- Gentoo
0.25

0.00

Biscoe Dream Torgersen
island
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Creating a barplot of two variables (percentage)

» Add texts to bars using geom_text() Palmer penguins
» Add "fill" colors using scale_fill_brewer() Distribution of penguin species by island
« Remove additional space using , Biscoe Dream Torgersen

coord_cartesian(expand=FALSE)

penguins %%
ggplot(
aes(
x = island,
fill = species
)

&
geom_bar (
position = position_fill(),
atpha = .9

geom,text(
aes (label = ..count...),
stat = "count”
colour = "white
el ition = position_fill(vjust = 0.5)

Species

B Accie
. Chinstrap
. Gentoo

i L brewer(
type 1
palette =6

)
Ly _discrete(position = "top"
scale_y_continuous (breaks = c(0.5, ")

i Pelner penguins!
subtitle = "Dist &f penguin species by island",
Ll = "Species"

coondican:osien (expard RSB
theme_minimal() +
theme (
plot.title = element_text(size = 20, face = "bold")
plot.subtitle = element_text(size = 16, face = "italic"),
is.title = element_blank()
.x = element_text(size = 14, face = "bold"),
legend. title = element_text(face = "bold"),
panel.grid.minor = element_blank(),
panel.grid.major.x = element_blank()
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Chosing colors ...

» Colors are not meaningless and ... they grab »
attention

» Rhas several built-in color palettes. The
functions scale_fill_brewer and
scale_color_brewer use palettes of
RColorBrewer. These palettes come in three
'flavours":

o sequential: for ordered data ((for example,
scoring low/mediocre/high on a likert scale)

o qualitative: for nominal or categorical
information (for example, different islands)

o diverging: for ordered data with
meaningful mid values ((for example,
temperature or change in score)
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Exercises [ggplot2] :part3

You can find the qmd-file Exercises_ggplot2.qmd at the course website.
Download this file to your laptop

Open the file in RStud-io

The file contains a set of coding assignments with empty code blocks
Now, we focus on part 3 of the exercises

Write the code (and test it by running it)

Stuck? No Worries!

o We are there
o Help each other
o There is a solution key (Exercises_ggplot2_solutions.qgmd)




The tip of the icebeRg...

Gallery of different types of visualisations
accompanied by ggplot-code

Q  CHARTTYPES QUICK TOOLS ALL RELATED  ASOUT

The R Craph Callery

programming
Iancisace. Hundreds of charts are displayed in several sections, always with their

library of graphs with ggplot-code

OME BASER- GGPLOTZ COLORS -~ LEARN ABOUT CONTACT
RCHARTS * - =

ggplot2 package
ggplot2 is the most popular alternative to base R graphics.

Itis based on the Grammar of Graphics and its main
advantage is its flexibility, as you can create and customize

the graphics adding more layers to it. This library allows
creating ready-to-publish charts easily

Which visualisation to use?

Visual vocabulary

Visual Vocabulary
Designing with data

There are so many ways to visualise data ~ how do we know which one to pick? Click on the coloured
categories below to decide which data relationship is most important in your story, then look at the
different types of chart within the category to form some iniialideas about what might work best. This
listis not meant to be exhaustive, nor a wizard, butis a useful starting point for making informative:
and meaningful data visualisations

Research visuals: all the resources ...

Research visuals: all the resources you'll ever need!

Top50 ggplot visualisations...

Top 50 ggplot2 Visualizations - The Master
List (With Full R Code)

What type of visualization to se for what sort of problem? This tutoral helps you choose the fight

type of chart for your specific objectives and how to implement it in R using ggplot2,

This is part 3 of a three part pleasing (and very
framework in R. This tutorial is primarily geared towards those having i the R
programming language and want to make complex and nice looking charts with R ggplot2.

« Part 1: Introduction to ggplot2, covers
modifying the components and aesthetics.

« Part 2: Customizing the Look and Feel,is about more advanced customization like manipulating
legend, annotations, multiplots with faceting and custom layouts

« Part 3: Top 50 ggplot2 Visualizations - The Master List, applies what was learnt in part 1and 2 to
construct other types of ggplots such as bar charts, boxplots etc.

ggplot-extentions
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The Data Visualisation Catalogue

What do you want to show?

cofu-leol 2/
o] Jal:

Parioawde

N

Website of Cedric Scherer

Biog Gallery Portfolio AboutMe Links

CEDRIC SCHERER

Data Visualization & Information Design
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In need of help?

Don't forget RStudio's help-function!

eo szl

mmmmmmmm

Google is your best fRiend...

Just google your question and you'll find code,
examples, ...

Generative Al can help as well!
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Appendix 1

How to grow a rain cloud plot?
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Step1

library(ggdist)
P1 <- 230
ggplot(

penguins,

aes(
X = species, 290
y = flipper_length_mm
)
+

)
stat_halfeye()
210-

P1

flipper_length_mm
~
8
g

190 -

180~

170-
' ' '
Adelie Chinstrap Gentoo

species 6 5 / .71

Step 2

P1 <-
ggplot( 230
penguins,
aes(
X = species,
y = flipper_length_mm
) 3- 220~
stat_halfeye(
adjust = .5,
width = .6,
.width = 0, 210~
justification = -.2,
point_colour = NA

)
P1

flipper_length_mm
~
8
g

190 -

180~

170-
' ' '
Adelie Chinstrap Gentoo

species 6 6 / .71



Step 3

P2 <- PL +
geom_boxplot( 2304
width = .15,

outlier.shape = NA

P2 220-

210-

flipper_length_mm
~
8
g

190 -

180~

170-
' ' '
Adelie Chinstrap Gentoo

species 67 / 71

Step4

P3 <- P2 +
geom_point(
size = 1.3, 207
alpha = .3,
position = position_jitter(
seed = 1,
?1dth = .1 220-
)
P3
210+
£
€
_CI
E
k)
1200~
(7]
g
=
190+
180~
170+

' ' '
Adelie Chinstrap Gentoo

species 6 8 / 71



Step5

P4 <- P3 +
Tlabs(
title = "Palmer penguins",
subtitle = "Distribution of flipper length by species",
X = uu, 230~
y = "Flipper length"

P4 220-

210-

200-

Flipper length

190~
180~

170~

Step6

P5 <- P4 +
coord_cartesian(xlim = c(1.2, NA), clip = "off") +
coord_flip() +
theme_minimal() +
theme (
plot.title.position = "plot",
plot.title = element_text(face = "bold"),
plot.subtitle = element_text(face = "italic")
)

Gentoo

P5

Chinstrap

Adelie

Palmer penguins
Distribution of flipper length by species

170

Palmer penguins
Distribution of flipper length by species
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180

190

'
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200
Flipper length

210

'
Gentoo

220

230
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THE RAIN CLOUD PLOTS /

Palmer penguins
Distribution of flipper length by species

Chinstrap
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200 210
Flipper length
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