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Although there are currently a wide variety of software packages suitable for
the modern statistician, R has the triple advantage of being comprehensive,
widespread, and free. Published in 2008, the second edition of Statistiques
avec R enjoyed great success as an R guidebook in the French-speaking world.
Translated and updated, R for Statistics includes a number of expanded and
additional worked examples.

Organized into two sections, the book focuses first on the R software, then on the
implementation of traditional statistical methods with R.

Focusing on the R software, the first section covers:

* Basic elements of the R software and data processing

¢ Clear, concise visualization of results, using simple and complex graphs
* Programming basics: pre-defined and user-created functions

The second section of the book presents R methods for a wide range of traditional
statistical data processing techniques, including:

¢ Regression methods e Exploratory multivariate analysis
* Analyses of variance and covariance e Clustering methods
e (Classification methods * Hypothesis tests

After a short presentation of the method, the book explicitly details the R
command lines and gives commented results. Accessible to novices and
experts alike, R for Statistics is a clear and enjoyable resource for any
scientist.

Datasets and all the results described in this book are available on the book’s webpage at
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http://www.agrocampus-ouest.fr/math/RforStat
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Preface

This book is the English adaptation of the second edition of the book Statis-
tiques avec R which was published in 2008 and was a great success in the
French-speaking world. In this version, a number of worked examples have
been supplemented and new examples have been added. We hope that readers
will enjoy using this book for reference when working with R.

This book is aimed at statisticians in the widest sense, that is to say, all
those working with datasets: science students, biologists, economists, etc. All
statistical studies depend on vast quantities of information, and computerised
tools are therefore becoming more and more essential. There are currently
a wide variety of software packages which meet these requirements. Here we
have opted for R, which has the triple advantage of being free, comprehen-
sive, and its use is booming. However, no prior experience of the software
is required. This work aims to be accessible and useful for both novices and
experts alike.

This book is organised into two main parts: Part I focuses on the R soft-
ware and the way it works, and Part II on the implementation of traditional
statistical methods with R. In order to render them as independent as pos-
sible, a brief chapter offers extra help getting started (Chapter 5, “A Quick
Start with R”) and acts as a transition: It will help those readers who are
more interested in statistics than in software to be operational more quickly.

In the first chapter we present the basic elements of the software. The
second chapter deals with data processing (reading data from file, merging
factor levels, etc.), that is to say, common operations in statistics. As any
statistical report depends on clear, concise visualisation of results, in Chap-
ter 3 we detail the variety of possibilities available in this domain with R.
We first present the construction of simple graphs with the various available
options, and then detail the use of more complex graphs. Some programming
basics are then presented in Chapter 4: We explain how to construct your own
functions but also present some of the useful pre-defined functions to conduct
repetitive analyses automatically. Focusing on the R software itself, this first
main part enables the reader to understand the commands used in subsequent
statistical studies.

The second part of the book offers solutions for dealing with a wide
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range of traditional statistical data processing techniques: hypothesis tests
(Chapter 6), regression methods (Chapter 7), analyses of variance and co-
variance (Chapter 8), classification methods (Chapter 9), exploratory multi-
variate analysis methods (Chapter 10), and clustering methods (Chapter 11).
Each technique is preceded by a concrete example and is dealt with indepen-
dently in its own specific worked example. Following a short presentation
of the method, the R command lines are explicitly detailed and the results
commented. Readers are able to download the datasets from the address
http://www.agrocampus-ouest.fr/math/RforStat, where they can easily
find all the results described in this work. R is a command line interface, but
another easy-to-use graphical interface is available: At the end of each worked
example there is a section called “Rcmdr Corner” which can be used to process
the example using this second interface. This section also helps readers get to
know the R commands better as, with each click on the drop-down menu, the
lines of code corresponding to the chosen action are generated.

To draw this preface to a close, we would like to thank Jérome Pages and
Dominique Dehay, who enabled us to write the French version under the best
possible conditions. We would also like to thank Rebecca Clayton for the
English translation and Agrocampus Ouest for financing this translation.



Contents

Preface xiii
I An Overview of R 1
1 Main Concepts 3
Iod InstEline 8 . . .05 ansnssssssssasagnosnnsn 3
1.2 Work Session . . . . v v v v v v v v o oo b omow b om e e e 3
1.2.1 Sessionin Linux . ... ................. 4

122 DEoh I WD . o o s 0 v v o w oo m s o o oe @S 4

1.2.3. Bessionoma Mac s s s s s s s o mpm e e @ mwe o e 5

183 Help « ¢ : « v s 6 s s s ome b o b AU T D6 # @ s @ 5
1.3.1 Online Assistance . . . . . . . . . . . .. ... ..... 5

1.3.2 Helpon CRAN . . . . . . .. ... ... ... ..... 6

LA -BREAUHE : » 1 s s o v wea s s o me enenseamses s 6
1.4.1 Creating, Displaying and Deleting Objects . . . . . . . 6
142 TypeofObject . . . v csnaneamasscaw s s 7
1.4.3 The Missing Value . . . .. ... .. ... ..... ... 8
1.4.4 Vectors . . . . . . . . . . e e e e e 9
1.4.4.1 Numeric Vectors . . . . . . . .. . ... ... 9

1.4.4.2 Character Vectors . . . . ... ... ..... 10

1.4.4.3 Logical Vectors . . . . . ... .. ....... 11

1.4.44 Selecting Part of a Vector . . . . .. .. ... 12

1.4.4.5 Selection in Practice . . . . . .. ... . ... 13

1AD MalriCes s « s s v s 8 2 s 8 2 8 58 55 5 58 5 & & @5 @ 13
1.4.5.1  Selecting Elements or Part of a Matrix 14

1.4.5.2 Calculating with the Matrices . . .. .. .. 16

1.4.5.3 Row and Column Operations . . . . . .. .. 17

L FachDlS & o s v s o w o o 68 8 & 06 % 609 5 a6 o 6666 8 18
LT Lists i v s s s s s s s naanwa e o n @ % a9 %95 48 20
1471 CreatingalList. .. ... .. "M 20

14.7.2 BESractiol . . . « o v o o voo 5 5 s & o 55 & - 20

1.4.7.3 A Few List Functions . . . . .. ... . ... 21

Ld:f:4 Dimnames List « « o o =« 25 w6 5 5 ¢ & 5 5 3 21

148 Data-Frames « comwes s emss s 0855 5 5 5 3 22

1.6 Functions . . . . . o o i v i i i e e e e e e e e e e e e 23
1.5.1 Arguments of a Function . . ... .. ... ... ... 23



vi

R for Statistics

1,82 Qubput .. o« « ¢ ¢ o v v s vpvrtnsssisasss
Lif POillifol . » cswmeaw 588 38 8883858585 638535 5
1:6.1 WhatlsaPackage™? . 5 : 5 0 ¢ cu ¢ 6 - 2 2 95 5 5 + 3
1.6.2 Installinga Package . . ... ... ... ........
1.6.3 Updating Packages . . . ... ..............
1.6.4 Using Packages . . . . ... ... ............
Il BB <« v ows s AN T B I BB EBEH 6wk bR b F

Preparing Data

2.1 Reading Data from File . . . . ... ... ...........
2.2 Exporting Results . . ... ... ... ... ..........
23 Manipulating Variableg . « « o « o 5 4 ¢ ¢ 55 5 55 55 5 5 4
231 Changing TYDE s 5 5 4 v o 5 2 0 00 ¢ 2 v a5 52 8 5+
2.3.2 Dividinginto Classes . . . . . . ... .. ... .. ...
2.3.3 Working on Factor Levels . . . . . ... ... .....
24 Manipolating Iidivadaals . . - - 5 2 4 65 5 « 5 5 50 % 5 2 & &
241 Identifying Misging Data . « « « « « « s « 52 5 5 5 5 «
2.4.2 Finding Outliers . . .. .. ... ... ... ......
2.5 Concatenating Data Tables . . . . ... ... .........
2.6 Cross-Tabulation . . .. .. .. ... ... ...........
207 BXEICISES . v wmw oo sn s m @ m B EE S 86 5 5 6 8 5 8 8 8 5 6

R Graphics

3.1 Conventional Graphical Functions . . . ... ... ... ...
3.1.1 The Plot Function . . . . . .. ... ... .. .....
3.1.2 Representing a Distribution . . . . . . ... ... ...
3.1.3 Adding to Graphs . . . .. ... ... ... ... ...
3.1.4 Graphs with Multiple Dimensions . . . .. ... ...
3.1.5 Exporting Graphs . . . .. ... ............
218 Mulbiple GiaphE « s s v s s s s s 6o 0 5 55 5% 5 & & 3
3.1.7 Multiple Windows . . . .. .. .............
3.1.8 Improving and Personalising Graphs . . . . . . . . ..

3.2  Graphical Functions with lattice . . . . . ... .. ... ...
3.2.1 Characteristics of a “Lattice” Graph . . . . .. . . ..
322 Pormulagand Groups = : ; s s « 5 « 5 5 a4 65 5 5 =
3.23 Customising Graphs .. .................

9231 PanelPunetion . . . . . .« .5 o0 005525
3232 ControllingSize ................
3233 Panel LAyoUf - « s s s v w2 5555 5 2 5 5 & »
324 EXDOTEALION » = o 5 5 5 @ @ 5 % & & & o 0 % 5 & 5 5 & 5 3
3.2.5 Other Packages . . . ... ... .. ... ........

3.3 Exercises . . . ...

24
24
24
24
25
25
26

29
29
33
34
34
35
36
39
39
42
43
46
48

51
51
52
58
60
64
66
67
69
70
73
75
76
9
79
80
81
81
82
82



Contents

4 Making Programs with R

4.1

4.2
4.3
4.4

Control Flows . . . . . ... oo e
4.1.1 Grouped Expressions . . . . . . . .. ...
412 loopsllororwhill) : s s v onssnsssnnwmswy
418 Copditions (il wlse) : isssssesssawmmmnns
Predefined Functions . . . . . .. . .. ... ..o,
Creating a Function . . . . ... ... ... ... .......
Exercises . . . . . . ...

II Statistical Methods

Introduction to the Statistical Methods Part

5 A Quick Start with R

51 Tstalling R .. :.:sscsvssvaususnnssnnpnpns
52 Operiingand Cleging B . . .- cc casssssssssassn s
5.3 The Command Prompt . . . .. ... ... .. ... .....
54 Attribution, Objects, and Funiction . . + « = « v « w v« «
BE Belwlion ; o:svsnsasuoseomneseEeess o9y o
H.E Oiher . ....cocoomeitbs @@ 8@ @B eass28a 54 8§
57 Remdr Package . . . . .. .. ...
5.8 Importing (or Inputting) Data . . . .. ... ... ... ...
B8  Graphs o ¢ o5 s m s o 5 % 9 % B @ W H W EE R® BB 3§ E ¥ E §
5.10 Statisticel Amalysis . . s s s w s s oo 9 868 58885553
6 Hypothesis Test
6.1 Confidence Intervals for a Mean . . . .. .. ... ... ...
1)l Objective « s v s 50 s o ¢ & 0 8 ¢ 8 8 6 88 85 8838
612 Example. . . . .« o ot 0 i e e s e e e ke e
6.1.3 Steps . . . .
6.1.4 Processing the Example . . . . .. .. ... ......
B1E RepglrUerner. « « « o o 5 s ¢ 3 € v 0 2 8 8 ¢ 8 5 v 8 x
6.1.6 Taking Things Further . . . . .. . ... ... ... ..
6.2 Chi-Square Test of Independence . . . . . ... ... ... ..
6.2.1 Objective . . . . . . .. . ...
622 DPepmoplei. s s 5535554 283 €8 055835 585 5 5 5
623 Sheps . . ... 663365859 8858855353
6.2.4 Processing the Example . . . . .. ... ... ... ..
6.2.5 RemdrCorner . . . . . ... ..o
6.2.6 Taking Things Further . . . . . . ... e
6.3 Comparisonof TwoMeans . . : :: .« . 2o 5350055 55
BB1 Objertive . ....::5 55565385535 %%»sa
632 Exmmple. . - . < . . . .. h e e a s s s b4 BE ks
6.3.3 Steps . . . ...
6.3.4 Processing the Example . . .. .. ... ... .....
B33 HemdrOommer : : s s s s s s s sra v svsmpnewnwys



viii

7

R for Statistics

G306 Thlkng Thmp Purther  c « s s s s s s s s n s w52 5 s 124
6.4 Testing Conformity of a Proportion . .. ... ........ 125
Bl UbBRIE ¢ 2 6 5 8 o e m s wwmm a8 5686625 125
6.42 Example. ... ... ... .. ... ... ... ... 125
643 Blap . . - v v s v v v v T p s s E A A E e o e 125
644 Processingthe Example « o o o o o 5 6 5 ww e w v 0 5 125
B45 RomdrCOmMer ; : s s : s cs s s s n s s p s a5 6 4 5 126
6.4.6 Taking Things Further . . . . . . . .. ... ... ... 126
6.5 Comparing Several Proportions . . .. .. ... ... .. .. 127
6.5.1 Objective . . . . . . ... 127
652 DEXample. » : s s c v 1 1185 : 33 s munespadsa 127
BB BIBE 2 9 4 5 5 85 6 s »snmsvosasdsdsshms 127
6.5.4 Processing the Example . . .. ... .......... 125
6.55 RcmdrCorner . . . .. ... .. ... .. ... ..... 128
.56 Taking Things PUrther : « « « s ¢ o » v w5 6 v 5 0 5 5 & 128
66 "ThePowerof & Ie8t svwoenmesocnssns s 525 55 129
BB1 ORI » s c s e b v m o mmmm s § &6 &4 &a 129
6.62 Example. .. ... ... ... ... 0. 129
6.6.3 Steps . . . . ... e e e e e 129
6.6.4 Processing the Example . ... ............. 130
DB5 BemdrOOmmr s i ¢ s s o o n v w o d s @ w w5 e 4645 6 130
6.6.6 Taking Things Further . . . . . . . .. ... ... ... 131
Regression 133
7.1 Simple Linear Regression . ... .. .. .. ...¢c...... 133
fdel UIBBESINE 3 5 ¢ 2 23 96 co s hsna s S SFRA Y E B S 133
71.2 Example. . ... ... ... ... ... ... 134
T.1.3 Steps . . v v o i e e e e e e 134
7.4 Processingthe Exaiiple . o « + v « s v = v 8 56 o 5 6 = 134
Tl RO LOHNF,;, s s s s v n s sk R4 6 9 7 G 6 5 55 & 8 & 138
7.1.6 Taking Things Further . . . . . . . .. ... ... ... 139
7.2 Multiple Linear Regression . . . . .. .. ... .. ...... 140
7.2.1 Objective . . . . . .. ..o 140
722 Example. ... .. ... .. ... .. ... ..., 141
T 28 DOPR .« s s s s 16 68 n b mamEFE G S DB A S § § § 141
7.2.4 Processing the Example . . . . ... .......... 141
725 RcmdrCorner. .. ... .. ... ... ... ...... 145
7.2.6 Taking Things Further . . . . . . ... ... ... ... 146
7.3 Partial Least Squares (PLS) Regression . ... ..... ... 147
ol CONPEITE 2 s o 23 6 20 s na o Fab o s s BEmms 147
732 Example. < « « - - v v o m v o 2w g 85 3 85 5B e . m 147
Tl DI G vowemmmm s oo @& & § 8 eFEnasw = o 148
7.3.4 Processing the Example . . . . .. ... ........ 148
Taoe PomilF LR . o s s anw s a s c s s 0 e G B & 8 &5 % 3 153

738 Takmnp Things Forther . . « o v o 0 5 5 s a w553 ¢ 5 4 153



Contents

8 Analysis of Variance and Covariance

8.1

8.2

8.3

9 Classification

9.1

9.2

9.3

One-Way Analysis of Varighee . « v v o w ¢ o a5 v v ¢ % 4«
Bll Obleghives: s s s ss svunvassssseas zss s
P12 ExmmplE. « v o vwsim b o 0 BB AN AW BT R E A DS
8.1.3  Steps . . . i e e
8.1.4 Processing the Example . . . .. ... ... .. ....
Bil:d RemdrCGorner s wm s smews s samass 995 853 735 3
8.1.6 Taking ThingsFurther - « = « s v s 5 5 55 5 5 3 5 55 s
Multi-Way Analysis of Variance with Interaction . . . . . ..
8.2.1 Objective . . . . .. . ... Lo
822 Example. . . . . ... ...
823 Steps s e wm s www s @ 8¢ 85 5 § % 3 8353535855 53
8.2.4 Processing the Example . . ... ... ... ......
825 RcmdrCorner . . . . . .. .. .. ... ... ...,
8.2.6 Taking Things Further . . . . . . .. .. ... ... ..
Analysis o COvaBIaneE . : : s « s ¢« = s v s s s p 55 5 98 5 =
831 Qbjecttve s ¢« ¢ s s s 1 6 s 5 s s s 85838858553
832 Example. .. .. .. ... ...
8.3.3 Steps . . . . e e
834 Processingthe Example . . . . . .« 2 ¢ s v 5 55 ¢ o«
Aa5 Beowroroer s s s ¢ 5 ¢ s s 1 s s s s s us @ #s
8.368 Teking ThingsFurther . . s s ¢ s ¢ &« o 60 6 25 5 5 @ w s
Linear Discriminant AnalyBis . . « v « ¢« « o0 0 s v o v w0 v w s
311 Objechive : 2 5 ¢ 8 s s 3 2 8 6 s s smovsEwuss s
312 Beample . ... ... 6666666 onah@ionsEuns
9.1.3 Steps . . .. e
9.1.4 Processing the Example . . . . ... ... .......
Gl ROMAFOME : ; - : s s s s o pe s sssnss g 53
9.1.6 Taking Things Further < : « s s 56 6 ¢ 5 5 w5 % 5 5 w
Logistic Regression. .. ... .. ccsscasassvwnmssnssa
9.2.1 Objective . . . . .. ..
022 Example. . . . . . ..o
D23 SUEPS : 1 s s 5.5 v s S P EH G U P EFHEE 55 8 59 ' b
024 Processingthe Bxample - s s casassssssas s
925 RcmdrCorner . . . . . . . ...
9.2.6 Taking Things Further . . . . . . . .. ... ... ...
PDécision 1¥eé : s s s s s snnassn st e s o 3 e e mmene e
B3l Oblective « s s s v s nswmasnuma cmss s E &
032 Example .- . - v vov oo 5o b s S E s S E S
9.3.3 Steps . . ... e e e
9.3.4 Processing the Example . . . . ... ... .......
G35 ReMAr GOl s swo s s s v pa s 6 5 58 @ a8 %4 8 %

9308 ‘Talimg Things Purkher . s s s c s s s s s s a5 25 .2.5 3



X R for Statistics

10 Exploratory Multivariate Analysis 209
10.1 Prineipal Component Analysls . « « s s s s s e v 2% 5 5 & 209
TO LT OBJEEING - £ 6 ¢ « « 2 v =755 55 s 55 26 5 & h & o 209
10.1.2 Example. . . . . . . .. ..o 0oL oo 209
10.1.3 Steps . & . v v v v e e e e e e e s e e e e e e 210
10.1.4 Processing the Example . . . ... ........... 210
15 Remdr Cormer « « : « s s s 2 5 & & & 2 ¢ 5 86 ¢ 5 8 3 & & 218
10.1.6 Taking Things Further . . . . . .. ... .. ... ... 219

10.2 Correspondence Analysis . . . . ... ... ... ... .... 222
10.2.1 Objective . . . . . . . . ..o 222
1022 BEXample s « « s s o 59 5 @6 @ 6 e m i o s ow s a3 § o3 222
BEE B 2 v a8 F dnsncnsmsra g M @ed a4 s 222
1024 Processingthe Example . . . . o « v o0 v o0 v o 223
10.25 RemdrComer . . . . . . . . . ¢ o i i v i v vt a 227
1025 Taldng Things FUEEhEE » « « s 1 « v ¢ 05 & 5 % 5w x 0 228

10.3 Multiple Correspondence Analysis . . .. ... .. ... ... 230
HLOL LIBJECEHIVE - 5 6 « 2 v 0 o =6 26 c o 5850 b 5 55 vo s 230
10.3.2 Example . . . . . ... . ... o oL 230
I EBOIE .« o o« o« 3 v v @ BoEH E BB W R E s KT W 231
10.3.4 Processingthe Example . . . . ... .......... o 4|
10.3.5 RemdrCorner . . . . . . . . . . .. ... ... 239
10.3.6 Taking Things Further . . . . . .. ... .. ... ... 239

11 Clustering 241
11.1 Ascending Hierarchical Clustering ... .. .......... 241
ITL] OBEBENG » 2 ¢ 2 v ww mm s =R R A RS & 5o 241
11.1.2 Example . . . . . . . . . . ... 241
11.1.3 Steps . . . . o o e e e 241
11.1.4 Processing the Example . . . . . .. ... ... .... 242
1118 Remdr OOther « s s 5 5 c s s s s s s s 6 65 Do 6 6% & 246
11.1.6 Taking Things Further . . . . . .. ... .. ... ... 247

11.2 The k-Means Method . . . . . ... ... ... ... ..... 252
11.2.1 Objective . . . . . . . ... .. 252
1122 URRplE - o « o 5 n o 52 6 8 0 @ mw s £ 8% 8 Y84 252
1123 BLEPE o v o 9 5 6 % d s o i nom s m ok £ 0 8 K ¢ 8 8 & 252
11.2.4 Processing the Example . . . . .. ... ... . .... 252
11.2.5 Remdr Corner . . . . . . . . . o v i it i 255
1146 Toking Things Puither « s s s s s s 6 v 0 0 w2 w0 5 % « 256
Appendix 257
A.1 The Most Useful Functions . . . ... ... ....... ... 257
A.11 Generic Functions . . ... ............... 257
AlE Numetioal PUunsblons s s « s 5 ¢ 5 5 5 25 « = v. 6 & » a 257
A:l3 DataHandling Funetions « o « « « « « s 5 s 55 5 2 & 258

A.1.4 Probability Distributions . . ... .. ... ... ... 260



Contents

A.1.5
A.l.6
A1lT7
A.1.8
A.1.9

A1
A.5.2
A5.3
A54

Bibliography

Basic Statistical Functions . . . . . .. ... ... ...
Advanced Statistical Functions . . . . . .. ... ...
Graphical Functions
Import and Export Functions . . . . . . . . ... ...
Text Management .

A.1.10 Some Other Useful Functions . . . . . ... ... ...
A.2 Writing a Formula for the Models . . . ... ... ......
A.3 The Rcmdr Package . . . .
A.4 The FactoMineR Package .

A.4.1 The FactoMineR Package . .. ... ... .......

A.4.2 The Drop-Down Menu . . . . .. ... ... ......
A.5 Answers to the Exercises .

Exercises
Exercises
Exercises
Exercises

: Chapter 1
: Chapter 2
: Chapter 3
: Chapter 4

Index of the Functions

Index

x1

261
262
263
264
265
265
266
267
269
269
270
270
270
278
287
292

295

297

301



oL, B SEEEPDRIE U 0] ;. www. ertongbook. com



