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Welcome to ggplot2 Workshop!

aka "Leaping over the ggplot2 learning curve"
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Workshop Format

Duration of 3 hours

10-15 minute break in the middle

This is an interactive session - please ask questions at any point

Exercises to be perfromed as a group / in groups

Answers and scripts provided afterwards
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Introduction to JJSORW Graphics
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Overview

Preparing data for ggplot2

JJSCORW - Introduction, Background and Philosophy
A Quick Introduction to the "Quick Plot"

Titles and Axes Labels

Plot Types - aka The "Geoms”

Layering

Aesthetics and Groups

Legend Control

Grouping and Panelling

Advanced Control
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Data for Today

= Today we will use WKEH DWD

Something sector independent

London Tube Performance Data from the TFL website

Excess Travel Hours by Line

The original data are available from
http://data.london.gov.uk/datafiles/transport/assembly-tube-
performance.xls
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Data for Today

I WKEH DWD UHDG FVY WKEH DWD FVY
I KHDG WKEH DWD

/ LQH ORQWK 6FKHGXOHG ([ FHVV 727%/ 2SHQHG / HQIWK 7\ SH 6VWDW.RQV

YONHUCRR
YONHUCRR
YONHUCRR
YONHUCRR
YONHUCRR
YONHUCRR
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Preparing Data for JJSORW
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Recap: Factors

m A factor is an effecient way of storing categorical data
» Data appear to be character but are stored as numeric values
» By default R converts character data to type ‘factor’' in data.frames

= Factors can be confusing at first but are very important when working
with ggplot2
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Factor Example

I | KHDG ZDUSEUHDNV

EUHDNV ZRRO WHQVLRQ

@ PO PR H LR
~ e~~~ —

I | ZDUSEUHDNV ZRRO

>A@F T T TSI I STTTFISTTT T ST SIS SIS %%%N%%NNY%
> @% % % % % % % % % % % % % % % % % % %
[HYHOV $ %

I I PRGH ZDUSEUHDNV ZRRO 6HHPLQIO RGG DQVZHU ‘

I > @ QXPHULF |

I I FODVV ZDUSEUHDNV ZRRO 7KH ZRRO FROXPQ LV D | DFWRU ‘

I>@IDFV\RU |
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Creating Factors

m |t is very easy to create a factor

= We simply use the | DFWRUfunction

I KHDG PWFDUV

PSJ F\O GLVS KS GUDW ZW TVHF YV DP JHDU FDUE
0D] GD 5;
0D] GD 5; :DJ
' DW/XQ

| FFODFWRU | DFWRU PWFDW F\ O
I F\ O) DFVRU

> @
/ HYHOV
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Factor Warning!!!

= What we see is not always what we get!

= The underlying numeric values of a factor may not match the values we

see ...
| F\ O) DFWRU

> @
[ HYHOV

I DV QXPHULF F\ O) DFWRU
> @
» This leads to lines like:

I DV QXPHULF DV FKDUDFWHU F\ O) DFV\RU

> @
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So Why Bother with Factors?

» They are a useful way of representing categorical data
» Efficient way of storing data

= We have to use them to get the plots we want in ggplot2!
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Data Manipulation using UHVKDSH
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Why use UHVKDSH ?

The UHVKDSH package provides approaches to data aggregation and
restructuring by "melting” a data frame ( PHOWand then “casting” ( G-DVW/
it into the required format.

»  JISORW requires data in the right format

= UHVKDSH has two important functions for restructure data

» These functions are:
e PHOW
e GFDVW
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"Melting"” your data

»  To melt the data frame (list or array), we must identify the ID and
analysis variables

m By default, factor variables are treated as ID variables and the
remaining variables as analysis (measure) variables

m  We can specify our own using the arguments LG YDUVand
PHDVXUH YDUWV

=  Specifying one assumes that you want all the others to be of the
other type
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Example of PHOW

I UHTXLUH UHVKDSH  TXLHWO\ 758(
I KHDG | UHQFKBI ULHV

W.PH WUHDWPHQW VXEMHFW UHS SRWDVR EXWAHU\  JUDVW\  UDQFLG SDLQW

I 1 U\ OHOW PHOW | UHQFKBI ULHV LG YDUV F WPH WUHDWPHQW
VXEMHFW UHS
I KHDG | W\ OHOW

W.PH WUHDWPHQW VXEVHFW UHS YDULDEOH YDOXH
SRWDWR
SRVWDVR
SRVWDVR
SRVWDVR
SRVWDWR
SRWDWR
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Casting data into a new structure

= More often than not some further work is required in order to ‘cast’
the data into a new structure

»  The G-DVWfunction accepts a formula which describes the shape
of the output format

URZBYDUB URZBYDU a FROBYDUB FROBYDU

= A"..."notation can be used in a formula to mean ‘all other
variables not included in the formula'

= A"." can be used to represent 'no variable' in the casting formula
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Example of FDVW

I 1 U\ 5SH&DVW GFDVW | U\ OHOW a UHS
I KHDG | U\ 5H&DVW

WL.PH WUHDWPHQW VXENHFW YDUL DECH
SRVWDVIR
EXVWAHU\
JUDVW\
UDQFLG
SDLOW
SRVWDVIR
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Aggregation using UHVKDSH

The | XQ DJJUHIDWHargument provides the ability to aggregate the data
using summary functions such as mean

| PHDQ W OHOWN  GFDVW | U OHOW W.PH  WUHDWPHQW  VXENVHFW
YDULDECH a | XQ DJJUHIDWH  PHDQ
! KHDG PHDQ) U\ OHOW

W.PH WUHDWPHQW VXEMHFW YDULDEOH 1%
SRWDVR
EXVWAHU\
JUDVW\
UDQFLG
SDLQW
SRADVR
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The UHFDVW\function (formerly FDWY

= Whilst it can be very helpful to see the intermediate melted data, this
step is not actually required

» The recast function offers the same functionality as melt and cast in a
single function call

I | U\ 5H&DVW UHFDVW | UHQFKBI ULHV LG YDU F WPH
VWUHDWPHQW VXEMHFW UHS | RUPXOD a
UHS
I KHDG | U\ 5H&DVW

WL.PH WUHDWPHQW VXENHFW YDUL DECH
SRVWDVIR
EXVWAHU\
JUDVW\
UDQFLG
SDLOW
SRVWDVIR

Note: The argument names for UHFDVW\re LG YDUand PHDVXUH YDUas

opposed to LG YDWand PHDVXUH YDWin the PHOMNANd GFDVW
functions
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Data aggregation

= Today we will use the DJJUHJDWHfunction
= Hadley Wickham has also written SO\ Ufor data aggregation

m UHVKDSH can also be used

To aggregate a data.frame using DJJUHIDVWHwe:

Name the data.frame using a ‘data’ argument

Use a formula to specify the relationship between variables

Use the FUN argument to specify how will aggregate

Option arguments to the ) 81come at the end
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DJJUHIDVWHExample

I DJJUHIDWH 2] RH a ORQWK GDWD  DLUTXDOLW )81 PHDQ QD UP 758(

ORQWK 2] RCQH
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Exercises

1. Create a subset of the tubeData retaining only data for the first 12
months

2. Using reshape2, recast this data into a new structure where each
column contains data for a different month

3. Calculate the average Excess by line
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One final piece of useful code...

= When working with WKEH DWDit will help to use familiar colours!

I OLQH&ROV F EURZQ UHG SLON GDUNJ UHHQ JUH\
PDJ HOAD ECDFN QY EOXH WKUTXRLVH
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JJSORW
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Introduction

m ggplot2 is a graphical package created by Hadley Wickham which
implements the ideas found in the book "The Grammar of Graphics”
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Introduction

m Plots are stored in objects

Easy to split data across panels

Plots are built up by layering

The package is not part of the standard R installation, it must be
installed from CRAN

e LQWDOO SDFNDIHV  JJSORW
e OLEUDW JJISORW

Note: ggplot2 has many dependencies which must also be installed
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The Layering Concept

= Create a graphical ("ggplot”) object using one of two primary functions:

TSCRWor JJSORW

= Modify this plot by adding "layers”

= Layers may contain:

1HZ CDVD
6FD®N P DSSLQI DHWIKHAFRY VR GDVID

$ JHRP HAIF RENHRW

$ WIVIMAFDOWDQU RP DARQ

3RIVIRQ DAVKWR HQWV Z LVKLQ VKH SGRADUHD
) DARVIKY SDCHIQY)

7KH FRRUE.CDM L WP LWHD

= More on this later...
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The TSORWunction

= Similar to the vanilla plot function for traditional graphics

m |t accepts x and y values and an optional data argument

I P\ 30RW TSORW FDUDW SULFH CDWD  GLDPRQGV
I P\ 30RW
|
I
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The JJSORWunction

m |t is almost always possible to use the TSCRWunction

However TSORWs designed for quick plotting and therefore makes
several assumptions

o &DWWMDQ FRRAQOWV

e 6FDVHUSARVE\ GH DXQV

e HWF

The JJSCRWunction makes no assumptions about the format of the
eventual graph

Layers, such as geometric layers, must be specified in order to draw a
graph

However it is a lot more flexible than TSORW

More later...
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A Quick Introduction to the "Quick Plot"

= The gplot function makes many assumptions about way in which you
wish to plot your data

m S0 if only one variable is provided, the gplot function will draw a
histogram

» |[f two variables are provided, it will draw a scatter plot

!
I TSORW [ PSJ) GOWD  PWDUV ELQZLGNK
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A Quick Introduction to the "Quick Plot"

!
I TSORW [ ZW \ PS)] GOWD  PWFDUV
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Titles and Axis Labels

» With TSORWabelling is similar to the base graphics package
= We can add a main title to our plot using the PDLQargument

= Arguments [ ODEand \ CDEcontrol the axis labels for the x and y axes
respectively

file:///C:/Users/anicholls/Documents/Presentations/g g plot2%20wor kshop/g g plot2.html#(2) 34/71



6/17/2014 Introduction to ggplot2 Graphics (2)

Titles and Axis Labels

I TSORWKS PSJ] GOW  PWFDUWV
PDLQ +RUVHSRZHU YV 03*?(BVLQ ? PWFDUV? ' DWD
[ ODE OLOHV 86 *DOORQ \ ODE *URW +RUVHSRZHU

Note: A main title, x and y-axis labels can also be added as layers using

the JJW.WOH [ ODEand \ ODEfunctions respectively
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Axis Limits

= The [ OLPand \ OLParguments to the plot functions allow users to
control the X and Y axis limits

= These arguments must be provided with a vector of length 2
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Axis Limits

| [ 5DQIH F $  HOHPHQW QXPHULF YHFWRU
I \ 5DQIH F
| TSORW KS PSJ] GDWD PWEDWV
PDLQ +RUVHSRZHU 9V 03*?QBVLQJ ? PWEDUV? ' DWD?Q
[ ODE OLOHV 86 *DOORQ  \ ODE * URW +RUVHSRZHU

[OLP [5DQUH \OLP \5DQH

Note: The layering functions [ OLPand \ OLPcan also be used to control

axis limits
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Exercises

1. Create a plot of ([ FHVWagainst ORQW\Kfrom WKEH DWD Ensure that
the plot has appropriate titles and axis labels

2. Ensure that the ([ FHwVaxis ranges from 0 to 25
3. Create a histogram of 727%/ from WKEH DWD

4. Write the above plots to a single pdf file
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Layering

= |n the previous examples options were added as function arguments, eg
[QLP

= Using the ggplot2 philosophy we can also add these options as “layers”

= Layers are '‘added’ using the symbol
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Layering

| TSORW KS PSJ GDWD PWFDW
JIWWOH  +RUVHSRZHU 9V 03*?QBVLQJ ? PWFDUV? ' DWD?Q
[ ODE OLOHV 86 *DOORQ
\ODE *URW +RUVHSRZHU
[ OLP [ 5DQIH
\ OLP \ 5DQIH

m Later we will see how layers add the flexibility to ggplot2
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Plot Types - aka The "Geoms"

= The concept of "geoms” begates the need for multiple graphic functions

e (J KIWRIWDP fRU EZ SBRAVAKDADUH X\VHG LQ MMFH VR GLIZ. KIWRILDP VDQG
ER| SBW URSHAYHD

= Within TSORWwe simply add an argument JHRPwhich defines how the
data are to be displayed

I TSORWIDFWRU F\O PSJ CGCDWD  PWDUWV JHRP ER[ SORW

Note: the use of factor in the previous example. It is important to
consider the type (class) of data when using ggplot2.
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Adding New ‘geom’ Layers

= When we specify JHRP  within the gplot function, we are in fact
calling out to one of many JHRPfunctions that tell R how to display
the graphic.

= All geometric functions in ggplot2 have a JHRPBprefix

= The code below finds all of the geom functions within the ggplot2

package
I JUHS AJHRP REVHFW/ SDFNDJH JJSORW YDOXH 7
> @ JHRPBDEOLQH JHRPBDUHD JHRPBEDU
> @ JHRPBELQ G JHRPBEOCDOQN JHRPBER] SORW
> @ JHRPBFRQARXU JHRPBFURVVEDU JHRPBGHQVLW
> @ JHRPBGHQVLW G JHRPBGRWEORW JHRPBHUURUEDU
> @ JHRPBHUURUEDUK JHRPBI UHTSRO\ JHRPBKH
> @ JHRPBKLVWRIUDP JHRPBKOLQH JHRPBM_WAHU
> @ JHRPBOLQH JHRPBOLQHUDQIH JHRPBPDS
> @ JHRPBSDWK JHRPBSRL QW JHRPBSRL QAUDQIH
> @ JHRPBSRO JRQ JHRPBTXDQALCH JHRPBUDVVHU
> @ JHRPBUHFW JHRPBULEERQ JHRPBUXJ
> @ JHRPBVHIPHQW JHRPBVPRRV\K JHRPBVWHS
> @ JHRPBWH W JHRPBW.CH JHRPBYLROLQ
> @ JHRPBYOLQH
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Adding New "geom” Layers

=» We can call any of these geom functions directly in order to add layers
to our plot

» We do this using the argument.

I TSORWPS) ZW GOW  PWFDUWV JHRPBVPRRVWK PHWKRG ORHWV
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Exercises

1. Create a boxplot of 727$%/ by (against) 7\ SHfrom WKEH DWD

2. Generate some random numbers using UQRUPand draw a simple
GHQVLW Plot to display the data

3. Create a plot of ([ FHVWVagainst ORQNKfrom SN DWD

4. Add a smoothing line to the plot

([ VHMRQ4 XHWMIRQ

5. Change the smoothing function in the previous exercise to a linear

("lm")Bmoother (not statistically sensible) and remove the error
bars.
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Aesthetics and Groups

» Perhaps the primary advantage of using ggplot2 over the standard R
graphics, or lattice, is the ease of which aesthetics can be used in
order to highlight features of our data

= However, for the ggplot2 newcomer, it is also one of the trickiest areas
to get right!

Note: The term "aesthetics” has a specific meaning in ggplot2 (later).
Here we refer to colour, shape, size, etc.

» The ggplot2 package allows for both the traditional aesthetics names
(e.g. col, pch, cex) and a more user-friendly naming (e.g. colour,
shape, size)
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Aesthetics

= Unlike the standard R graphics and lattice, we do not specify aesthetic
attributes via vectors

» |[nstead we refer to a YDUDE®in the data and let ggplot do the hard
work

I TSORWORQJ ODW GCDWD  TXDNHV VL] H PDJ FRO GHSVK
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Factors

» The class of a variable is very important when using ggplot2

= |f we have numeric data representing different categories, it is
important that we convert these variables to factors

= |[f we do not, then a natural ordering is implied by the default
aesthetics

I TSORWPS) ZW GOWD  PWDUV FRORXU | DFVRU F\ O

Warning: Attempting to vary the plotting shape by a numeric variable will
cause an error!
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Traditional Specification of Aesthetics

= ggplot2 has been desighed to allow variables to be used with aesthetics
= We therefore have to use a special function , in order to allow for a
more traditional specification of aesthetics

I TSORWPS) ZW GOW  PWDWY FRORXU , EOXH

Warning: Attempting to vary the aesthetics manually, without using the
I() function can yield some very unexpected results! Try the following
line of code in your own time:

TSORWPS) zZW GDWO  PWDW FRORXU EOXH
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Exercises

1. Create a scatter plot of ([ FHVWVagainst ORQNKusing WKEH DVWD
Use a different colour to distinguish between males and females
and a different plotting symbol dependent upon whether the
subject smokes or not.

2. Increase the size of the points on the previous plot to twice the
default size.
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Advanced Control of Aesthetics

= We can add "scaling” layers to a plot in order to control how aesthetics
such as colour are used in the plot

» The scale functions begin with the prefix VFDOHB

I JUHS AVFDOH REMHFW  SDFNDJH JJSORW YDOXH  758(

> @ VFDOHBDOSKD VFDOHBDOSKDBFRQWL QXRXV
> @ VFDOHBDOSKDBGLVFUHWH VFDOHBDOSKDBL GHQAL W

> @ VFDOHBDOSKDBPDQXDO VFDOHBDUHD

> @ VFDOHBFRORUBEUHZHU VFDOHBFRORUBFROW. QXRXV
> @ VFDOHBFRORUBGLVFUHWH VFDOHBFRORUBJ UDGL HQW

Note: ggplot2 allows for both UK and US spellings of ‘ddlo[u]r' U
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