Visualising data in R
Graduate skills class OU22

Practical:
Monday 19 February, 2-3pm, SWO01.
OR Wednesday 21 February, 3-4pm, SWO1.

Leland Wilkinson

The Grammar
of Graphics

Second Edition

) Springer




The Grammar of Graphics codifies some standard patterns in plotting
data. It doesn’t try to be exhaustive, nor is it a guide to good style.

ggplot2 will simplify your life — if you learn the way it thinks, and if you
don’t step outside its scope.
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Course materials

Lecturer: Dr Damon Wischik
Taken by: Part 111, ACS, PhD
Course admin: [Moodle]

No. of lectures and practical classes: 1 + 1

Aims

The R language is widely used by data scientists. It is concise and expressive for handling data, and it has a powerful graphics library called ggplot. This course will
show you how to get data into R, how to do simple data manipulation, and how to use ggplot for flexible and versatile data visualization. See examples at the R
graph gallery.

Resources

= Invoking R+ggplot from Jupyter/Python [notebook]
= Running R+ggplot in Jupyter/Python [notebook]

» Slide=TT0 appear)

= Practical (to appear)

Installation instructions (Ubuntu, Windows)

®g Windows, first follow Microsoft's instructions to install the Windows Sulysystem for Linux, with Ubuntu 16.04.

Installing Jupyeesand Python.
Install git, Python, and Jupyter. UDUNCe @ 0%=erses=PyerermSTSTor many of its system scripts, so it's not a good idea to upgrade Python systemwide, so it's best to
install Jupyter on top of Python 3.5:

sudo apt install python3-pip python3-dev git
sudo pip3 install --upgrade pip

sudo pip3 install jupyter

Install Python 3.6 and make it available as a programming environment within Jupyter:

sudo add-apt-repository ppa:jonathonf/python-3.6
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Python notebook + R plots

First, follow the installation instructions for Jupyter, Python, R, and R/Jupyter.

al . This doesn’t work from Azure notebooks.

%%capture
# Jupyter is very chatty. If you start a cell with %%capture, it suppresses all output
# (including any helpful warning or error messages).

# Load the rpy2 extension for Jupyter.
# (There will now be an R kernel sitting alongside the Python kernel.)
%load_ext rpy2.ipython

# You can run a one-line R command with %R. Here, I'm loading a plotting library.
# It will be available for the rest of this Jupyter session.

%R library(ggplot2)

%R library(ggthemes)

import urllib
import pandas
import numpy as np

# Load in a dataset
iris = pandas.read_csv(urllib.request.urlopen('https://teachingfiles.blob.core.windows.net/founds/iri
s.csv'))

# Have a quick Look
iris.iloc[np.random.choice(len(iris), 3, replace=False)]

Sepal.Length | Sepal.Width | Petal.Length | Petal. Width | Species

55 2.3 4.0 1.3 versicolor

5.8 2.7 4.1 1.0 versicolor

51 3.8 19 04 setosa

We can inject a Python object into R using -1. It will be copied across, and available in R with the same name.

%R -1 iris

You can't copy arbitrary variables across from R to Python. The rpy2 package knows about some standard simple datatypes
(including pandas DataFrames), and it is able to translate them, but if you copy across something weird it will fail.

class X: pass

= X()

Invoking ggplot2 commands from a Python/Jupyter notebook



) Jupyter ggplot Last Checkpoint: 22 minutes ago (unsaved changes) R ‘ogout

File

m

/iew nsert Ce Kernel Help

Trusted | RO

Visualizing data with R

In [2]: |# Load in some packages for plotting and data manipulation.
library(ggplot2)
library(ggthemes)
library(data.table)

In [4]: |# Set the plotting size (in inches)
options(repr.plot.width=4, repr.plot.height=2.5)

In [5]: |# Fetch a dataset in CSV format
iris <- fread('https://teachingfiles.blob.core.windows.net/founds/iris.csv')
# Print out some sample rows
iris[sample(nrow(iris),4)]

Sepal.Length Sepal.Width Petal.Length Petal.Width Species

5.0 34 1.6 0.4  setosa
6.5 3.0 5.5 1.8 virginica
5.0 3.5 1.3 0.3  setosa
6.7 25 5.8 1.8 virginica

In [12]: iris[, shape := cut(Sepal.Width/(Sepal.Width+Sepal.Length), 2, labels=c('narrow', 'broad'))]

ggplot(data=iris) +
geom_point(aes(x=Sepal.lLength, y=Petal.Length, col=Species, pch=Species), size=1.3, alpha=.8) +
stat_smooth(aes(x=Sepal.Length, y=Petal.Length, col=Species), method='lm', size=.2) +
facet_wrap(~shape) +
scale_y_continuous(breaks=seq(@,108)) +
ggtitle('Iris features') +
theme_bw()

Warning message in qt((1 - level)/2, df):
“NaNs produced”
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Running ggplot2 from an R/Jupyter notebook




# Fetch a dataset in CSV format

iris <- fread('https://teachingfiles.blob.core.windows.net/founds/iris.csv"')
# Print out some sample rows

iris[sample(nrow(iris),4)]

Sepal.Length Sepal.Width Petal.L,ength Petal.Width Species

5.0 3.4 1.6 0.4 setosa
6.5 3.0 5.5 1.8 virginica
5.0 Sy 1.3 0.3 setosa

6.7 2.5 5.8 1.8 virginica data

iris[, shape := cut(Sepal.Width/(Sepal.Width+Sepal.Length), 2, labels=c('narrow', 'broad'))]

geom
geom_point(aes(x=Sepal.Length, y=Petal.Length, col=Species, pch=Species), size=1.3, alpha=.8) +

ggplot(data=iris) +

stat_smooth(aes(x=Sepal.Length, y=Petal.Length, col=Species), method="1lm"', size=.2) +
facet_wrap(~shape) +

scale_y_continuous(breaks=seq(€,10)) +

ggtitle('Iris features') +

theme_bw()

Warning message in qgqt((1 - level)/2, df):
“NaNs produced®”
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The anatomy of a ggplot
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data. geom. aes. facet. coord. guide.

Data comes in data
frames.

ggplot2 is only for this sort of
data (though it has handy
functions for fortifying some
other data types into data
frames).
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=Sepal.Length, y=Petal.Length, col=Species, pch=Species),
e=1.3, alpha=.8) +
stat_smooth(aes(x=Sepal.Length, y=Petal.Length, col=Species),
method="1m', size=.2) +

facet_wrap(~shape) +

scale_y continuous(breaks=seq(0,10)) +
ggtitle('Iris features') +

theme_bw()
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geom J

point
line
area
bar

path

geom.

Data is plotted as geoms. A geom
occupies part of a coordinate space.

A geom_bar occupies an interval of space, and is specified
by its two ends (often one is zero). Where the bar is placed
is another matter...

gender response value bar bar
female rarely

female infrequently

female occasionally

female frequently

female not sure

male rarely

male infrequently

male occasionally

male frequently

male not sure
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A geom_bar occupies an interval of space, and
is specified by its two ends (often one is zero).
Where the bar is placed is another matter...
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The same data can be represented by many
different geoms.
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ggpddt(data=1ris) +
geom_point(d8s (x=Sepal.Length, y=Petal.Length, col=Species, pch=Species),
Size=1.3, alpha=.8) +
stat_smooth(aes(x=Sepal.Length, )
method="1m"', size=.
facet_wrap(~shape) +

The sfat.smooth

irs€ hsforms
scale_y continuous(breaks=seq(0,10)) + j;gat::":‘ﬁ;,. proclvees
ggtitle('Iris features') + o acom — 7“mpr%50n

theme bw() by Aefomlé.
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geplot(data=iris) + Geoms can oo howe o séat, GPP"-&J ‘] d‘f“”,‘"

geom_histogram(aes(x=Sepal.Length, fill=Species), bins=20) + vses 5(’«‘1--‘“" ‘j J‘f‘““““
facet_wrap(~Species)
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data. geom.




An aes is the map from data value to

value on some aesthetic scale.
e.g. size, hue, intensity
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ggplot(data=iris)

geom_point(ae @ Sepal.lLengt etal.Length, W peciesSpecies),
i 3, alpha=.8

stat_smooth(aef(x5 epal.Length@etal.Length @l Species),
- +

facet _wra d oﬁkM/j tho isukt an acs  fot wmvw&b HIY
scale_y contme®ls (breaks=seq(0,10)) +

ggtitle('Iris features') +

theme_bw()
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ggplot2.tidyverse.org

@ggplot2 ™

Aesthetics

geom_polygon understands the following aesthetics (required €)studio

Each geom understands a specific set of aes.

X, Y, size. label, shape/pch. fill, colour, alpha. linetype/Ity
http://ggplot2.tidyverse.org/reference/
https://www.rstudio.com/wp-content/uploads/2015/03/ggplot2-cheatsheet.pdf

data. geom. d€S. facet. coord. guide.



ggplot(data=iris) +
=Petal.Length, col=Species, pch=Species),

=Petal.Length, col=Species),

method="1m'

facet_wrap(~shape) +

scale_y continuous(breaks=seq(9,10
ggtitle('Iris features') +
theme_bw()
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60.0 -

An aes is the map from data value to
value on some aesthetic scale.

525
 The output scale can be customized with scale_ %
50.0-
* |t maps the entire range of data values in the entire graphic. P I
ukmap <- fread('https://teachingfiles.blob.core.windows.net/datasets/uk_poly.csv') as.numeric(id)
= = 14100
ggplot(data=ukmap) +
geom_polygon(aes(x=long, y=lat, group=group, fill=as.numeric(id)), col='white', size=.1) + 14050
coord_fixed(ratio=1/cos(5e*2*pi/360))
14000
13950
as.numeric(id)
ggplot(data=ukmap) + -
geom_polygon(aes(x=long, y=lat, group=group, fill=as.numeric(id)), col='white', size=.1) + 14100
scale_fill_gradient2(midpoint=148686, high='forestgreen', low='darkblue') + 14050
coord_fixed(ratio=1/cos(58*2*pi/368))
14000
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An aes is the map from data value to
value on some aesthetic scale.

 The output scale can be customized with scale_ %

* |t maps the entire range of data values in the entire graphic.
which s o co Mmen source ot ¢ov'+ds'0/‘-
ggplot(data=iris) +
geom_point(aes(x=Sepal.Length, y=Sepal.Width, size=Petal.Length * Petal.Width, col=Species), alpha=.8) +
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ggplot(data=iris) +

geom_point(aes(x=Sepal.Length, y=Sepal.Width, size=Petal.Length * Petal.Wid col=Species), alpha=.8) +
scale_size_area()
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An aes is the map from data value to
value on some aesthetic scale.

 The output scale can be customized with scale_ %
* |t maps the entire range of data values in the entire graphic.

fit <- lm(P?tel.Length ~ Sepal.Length, data=iris) o NLW d«l’ﬂ-){k . . .‘.) n\ij wn “
df <- copy(iris) . J oW\ A Séra' M- ine "'
df[, Petal.Length := simulate(fit)] (SlMVW ’ f ]

df <- df[sample(nrow(iris),68,replace=FALSE)] a‘fcuV‘/V\ F(O(N\
ggplot(data=iris) + [rl; p‘&&o\
geom_point(aes(x=Sepal.Length, y=Petal.Length, col=Species, pch=Species), size=1.3, alpha=.8) +

geom_point(data=df, aes(x=Sepal.Length, y=Petal.Length, col='sim', pch="sim')) +
scale_y_continuous(breaks=seq(@,10)) +
ggtitle('Iris features') +

theme_bw()
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An aes is the map from data value to
value on some aesthetic scale.

 The output scale can be customized with scale_ %
* |t maps the entire range of data values in the entire graphic.

fit <- lm(Petal.Length ~ Sepal.Length, data=iris)
df <- copy(iris)

df[, Petal.Length := simulate(fit)]

df <- df[sample(nrow(iris),68,replace=FALSE)]

. U
ggplot(data=iris) + “‘._. 'SP((((,S (gl.uf""
geom_point(aes(x=Sepal.Length, y=Petal.Length, @ pch=Species), size=1.3, alpha=.8) + &= olota wig
geom_point(data=df, aes(x=Sepal.Length, y=Petal.Length, , pch="sim"')) + ﬁom

scale_y_continuous(breaks=seq(@,10)) +

ggtitle('Iris features') + C‘t - "’;m“ (a mnsbo\(-)
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An aes is the map from data value to
value on some aesthetic scale.

The output scale can be customized with scale_ %
It maps the entire range of data values in the entire graphic.
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ggplot() +
geom_point(data=iris[Species!="setosa'], aes(x=Sepal.lLength, y=Sepal.Width, col=Species))

ggplot() +

geom_point(data=iris[Species=="setosa'], aes(x=Sepal.Length, y=Sepal.Width, col=Petal.lLength*Petal.Width))
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Precipitation (inch)
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An aes is the map from data value to
value on some aesthetic scale.

 The output scale can be customized with scale_ %
* |t maps the entire range of data values in the entire graphic.

How would you specify the y aes / scale
for this plot? :
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ggplot(data=iris) +
geom_point(aes(x=Sepal.Length, y=Petal.Length, col=Species, pch=Species),
size=1.3, alpha=.8) +
stat_smooth(aes(x=Sepal.Length, y=Petal.Length, col=Species),
method="1m', size=.2) +

facet_wrap(~shape) +

scale_y continuous(breaks=seq(0,10)) +
ggtitle('Iris features') +

theme_bw()

narrow Iris features broad QNS&I‘W\- W‘/\M S(UUC( oUW
' t cusfemily m flag P/‘r(’-?

e fmewer . Nowe! The
@:ﬁ;ﬁfr scale . y- continvavs ()
command con be vged P
2] T coslomiu re Scale, €9 by
i‘“':‘f} [owex MJ.UPPu' row‘rj
T 1 : : 3 1 (awdl avy doja NGSM'('& T‘*{}C“rew\#d
Sepal.Length il be M“ff“( o missrng )}
ot here 1'm not covvﬂfwl'? the
f

aes mop .‘m.(f, on@ how it’s dis a’;d.

Petal.Length
oy




et ]

A facetted plot shows several panels,
each containing a subset of the data.

Iris features
narrow broad
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Petal.Length
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ggplot(data=iris) +
geom_point(aes(x=Sepal.Length, y=Petal.Length, col=Species, pch=Species),
size=1.3, alpha=.8) +
stat_smooth(aes(x=Sepal.Length, y=Petal.Length, col=Species),
"Im', size=.2) +

w¢¥Teaks=seq(0,10)) +

ggtitIeZ'Iris features') +
theme_bw()




A facetted plot shows several panels,
each containing a subset of the data.

Some things you can’t do with facets:

January
December @ February
Nov cmbcr@ March

October April
September May

&
The Grammar of Graphics
lets you specify how facets
are arranged —
but ggplot2 is limited to

simple rectangular
arrangements.
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This is a visual arrangement,
not a data arrangement. It’s
outside the scope of the
Grammar of Graphics.
(Hack around with gridExtra
instead.)
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The Grammar of
Graphics doesn’t go
this far (but it should).



coord

The coordinate system says how x and
y aesthetic values should be located on
the display.

ggplot(data=survey) +
geom_bar(aes(x=response, y=value, fill=response, col=gender), stat='identity',
scale_fill_discrete(guide=FALSE) +
theme_grey(base_size=10) + 0.3-

theme (axis.text.x=element_text(angle=-45, hjust=8))
o
3 0.2-
]
gender response value >
female rarely 0.08 0.1-
female infrequently 0.11
female  occasionally 0.17 0.0- I I \
[ % 2 0 )
female  frequently 0.32 @%@ /’?“% O/&o 0‘39&/ 5
/)// @/) % O’)
female not sure 0.32 . % %
response
male rarely 0.30
male infrequently 0.15
. At each ¢, there T
male occasionally 0.10
N g ecvb é
male frequently 0.07 <wWo rOVJ{ in A

male not sure 0.38 e (-_ANO d\{ulﬂf‘) ; V‘j a( OVV\_(
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The coordinate system says how x and
y aesthetic values should be located on
the display.

ggplot(data=survey) +

geom_bar(aes(x=response, y=value, fill=response, col=gender), stat='identity', position='stack') +
scale_fill_discrete(guide=FALSE) +

theme_grey(base_size=8) +
theme (axis.text.x=element_text(angle=-45, hjust=8))
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The coordinate system says how x and
y aesthetic values should be located on

the display.
These M€ both hoct!
q(kﬁd .,‘)O\IV c

ggplot(data=survey) + é
geom_bar(aes(x=gender, y=value, fill=response, col=gender), stat='identity', position='stack') + a 5
scale_fill discrete(guide=FALSE) + 4-f
theme_grey(base_size=8) +
theme(axis.text.x=element_text(angle=-45, hjust=0))

1.00+
0.75-
gender
© ggplot(data=survey) +
=2 050 female z _ e _ _os Sem0 et
S geom_bar(aes(x=gender, y=value, fill=response, col=gender), stat='identity', position='stack') +
.male scale_fill_discrete(guide=FALSE) +
coord_polar(theta = "y") +
theme_grey(base_size=8
025~ 3 y( - )
0.00/1.00
0.00 -
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The Building Blocks of the Grammar of Graphics:
The Grammar of Graphics is a declarative language for

building common data plots. It’s great for exploration.

It’s not great for fine art, for animation, for interaction.

ggplot(data=...)
[ data geom_point(data=...)
stat_smooth() # transforms the data
geom_bar() # automatically applies stat_count

[ geom ] geom_bar()
stat_smooth() # automatically produces geom_ribbon

[ 365 ] aes(x=...)
scale_fill_gradient2()

[ ) facet_wrap(~...)

N X ) facet_grid(...~...) b
e,\ol(:.ss fread’

r rd | position_dodge(), geom_bar(position="‘dodge’) ro the VISV

L €00 ) coord_fixed(ratio=0.4)

guide

coord_cartesian(xlim, ylim)
coord_polar(theta=‘y’) scale_x_continuous(breaks=...)

scale_fill_gradient2(guide=FALSE)

theme() gglabel() ggsave()



