Contents

Preface
Acknowledgments
About the Authors

1. Statistical Foundations
Somme Probabiliby Concepts. . i v st i
Some Statistical COnCepls v
Key Points for Chapter 1

2. Binary Results: Single Samples and 2 x 2 Tables..........c.ociiiiinn.

General Ideas

Single Proportion

2 x 2 Tables
Examples with R Code

Single Proportion

e Tables s L i R e R S 20
Theoretical Aspects

Single Proportion

ZoedTablesd i dnignniiisnns il sl e 23
Ky POINGS For CRAPRAT 2 ..ottt ot it s iasass o sariais s sast rbssbsvonb s

. Continuous Variables
General Ideas... e
Examples with R C{Jde
Theoretical Aspects
Ky Points for Chapler 3.0 i smiinminsaibisres b i 39

. The Linear Model: Continuous Variables
General Ideas... Hitdntii
Examples with H Lﬂde
Theoretical Aspects
Key Points for Chapter 4......... R e T e S e R el 58

. The Linear Model: Discrete Regressor Variables
Gen&*ral Ideas

Blu::king Faclors
ANOVA and Permutation Tests o i sia s bissssissrsais s raissagaas 73
Mested Factors




vi Contetnts
Analysis of Covariance: Models with Both Discrete

and Contintions ReEIessors .. ... it ssisas sesvisio s eaivasaiot ns s 76
Theoretical ABPBCES (i iiniiaviismds ot desasnrisn ssesti Hbssad i iisssinsbasnive 78
Multiple Groupings: One-Way ANOVA ..., 78
Key Points for Chapter 3. ...t s BO
6. The Linear Model: Random Effects and Mixed Models................ Bl
T B U e R N e e S R L 81
Simple Case: One Fixed and One Random Effect.......ccoiiiiiionnncs 82
Examples with R Code ... v e 7.
More Complex Case: ‘uiulhple Pmed and Random Effects ...................... 85
Thisssrebeal Aapiacts:.. i sl sl LS G a0
Key Points for Chapter 6........... et e ibsnb e deoivibeat e fiiliaisaiss s 91
7. Polytomous Discrete Variables: R x C Cnntmgency Tables .............. .93
General Ideas ... i PR R, L]
I_ndependence uf Tw:::- l)mcrete "l.?anab]eq ............................................... 23
EXamples With R COte ... i miin iiisis sivmsrasassissasseinriiosvsriss 93
A Goodness-of-Fit Test... G i 98
A Special Goodness- uf~F1t Tt‘Bt Teﬂt for Randnm Allm:atmn ......... ID[]
3T e B ) T PR e P e T o B e 102
Ky Points For CRapter 7 st i i i sris 103
8. The Generalized Linear Model: Logistic and Poisson Regression..... 103
Gomeral Ideas s i s i R i WS 105
Binary Logistic ReEression ... i s 103
Examples with K Code .l i, 107
The Logit Transformation:..iiiaininsiiliaiamiiinac Wy
POASBOR BEETORRION o iviaiiiviinntiaiesisrssseniss s abiess et snmioiisetsnss iven i 113
OVErdIBPOISION ... it s sidas sk bbb s o e e 16
Zero-Inflated Data and Poisson Regressmn ........................................ 120
THeOretical BEpOCES .. iiiimiesniimisiisssiniivisises sssissassvicsas s LOG
Logistic Regressmn ................................................................................. 124
Polsson BeEresaion ... ... ..o il i s it sobisissesei bty o 126
Overdispersed POIBSON ..z i e 12D
Zero-Infated POIsBon & viieiiitnanaimmaiinnnnn il 127
Key Points for Chapler 8.0 GGl i 128

9, Multivariate Analyses: Dimension Reduction, Clustering,
and Discrimination oo il ndiinilinadiniim 129
General Ideas ..o SR e e sk nenasiseata L2
Dimension Redu ::tm:-n F'n ncrpat Cumpnnentq ........................................ 130
L e et S U A A 131
Dhscrimiination. i i isiaiianiniaiaiind il 13




Contents vii

Examples with RCode ... s msseisri it st 132
Dimension Reduction: Principal Components ..., 132
[ 4211 ) R e P e e e R R e 135
Enserimnination. .. ol ssiiiiasinndiniidiiaa e 142
| SR el e i ) R L e 143
Theoretical ASPECtS ... e tissinesiiassssoris eossisessessievssingine 144
Principal COMPONENLS ..o it 145
B 7Ty oV Y | ] o RO eSO MO gt R0 OO P SR et 145
ANV i i i v iimbaaii i one o ven v s v 148
Key Points For Chapter 9 ... i sl e st i vonisn 149
10. Bayesian and Frequentist Philosophies ... ... 151
T Tl e e e OV R DN P SR O 151
Bayes’ Theorem: Not Controversial....iiniiaimbainioiin 151
BT T R S A O R e e R e 153
Beta Binomnial o s e s 153
o LT BT ) B O R A P R SU LU S L s 154
Marmial Normal i S s R R e 155
Monte Carlo Markov Chain (MCMC) Method ..., 156
Examples with R Code ... i i s s iedinsaissisassinsiness 157
Exponential, Gamma.hamaninmmiinnasi sl 157
Bavesian Regression Analysis. ... s 158
Markov Chain Membe Catlo......i s miiinnas 159
Theoretical Aspests sliGasnaiiiiinlassinainnaiii 162
Bayesian Regression:-Analysis..iibiiiiainaiiinicininie 162
A Slightly More Complicated Model........oiiiiiiimibivinminnn. 165
An Afterword about Bayesian Methods.....iiiaiiiiniimiim. 167
Key Points for Chapter 10 ...t csisainiiesioaiasinssarasses 168
11. Decision and Game Theory..........e e e A L A e L 169
General Tdeas: .o s i B i 169
Examiples With R Code ... emicsiisissist miasasionsssinnsiniashs 170
Discrete Choices, Discrete SEALES ...t iy sassiesissess 170
Discrete Choices, Continuous States: Reward and Cost
asa Function of Chodce ..o i i it 173
Discrete Choices, Continuous States: An Inverted Problem............ 176
Game Theory: Types of Games and Evolutionarily Stable
bk IBE L L i e e e e isE i 151
Theoretlcal Aspects il i i siinsaa 185
Verifying Models: Frequent:n-..t and Ha}f%nn Appmache's ................ 185
Key Points for Chapter 11 .. Mg 187
12. Modern Prediction Methods and Machine Learning Models .......... 189
Ceemeral Tdean . o 189

Do Machines Learn? .. ... 189




viii Comntents

Bicamples with R Code. i il i, 190
Slepwiae Regressbom i o Gl s ianies 192
Artificial Neural INetwWorks.......cciiiiniiin i i s 197
Classification and Regression Trees (CART ..ol 200

Bavesisn Model AVETaBing . ... i i 203

Theoretical ABPECTs i i s son 207

Kery Poinits for Chiapter T2 .50 iiiaiidniniiaiiiinime 209

13. Time-to-Event .. .......ocimiioninn RS i e A S A 211

O TR Sl iiiiiiiinmssvravas s i s s e o s b 211

Examples with R Code... IR e A SRR W )
Comparison of Eunflval Cunres e e S

Theoretical Aspects ... - e Bl SR L
Obtaining an Empmcal Sunrwal Mcdel .......................... eRindia i 222
Censored TIMe-to-Faillre ... miensiiisissiiensessns 223

Comparison of Survival Distributions ..o 224
Mantel-Cox LogRank and Peto and Peto Pmcedures ....................... 224
Cox Proportional Hazard Model ... iininaiiiii . 225

Koy Poiniks for CRapler 13 . il i il 227

14. Time Series Analysis and Stochastic Processes ..., 229

aeneral Bems . il n A AR RS wies 229

Time Series... S R
Idenﬂfwng Tn:ne SEHES Mﬂd&l "l}rpcs a.nd Drder% ........... it 28
The BOX=JeriKINS ADDPIOach <o iviissiisiivioeodotsissncoasiissstiess s Wsts sisnssis .233
Nonstationarity and Differencing ..., 238

Examples with R Code: Time Series..........uiiiin sl Ry .
B beries L i I A R B e 238
Markov Chains.. ik e A AR A N e i e e )
Extensions of Markmr Chama. ............................. SIS SR A s 243
Examples with B Code: Markov Chains.. oo, 244

Theoretical ﬁspects ..................................................................................... 248
Time Series ... R e R B S R R e
Markov Chams T R RS R N EeRE .

Key Points for Lhapter 1-1- .......................................................................... 250

15. Study Design and Sample Size Considerations ... 253

Degrees of Freedom: The Accounting of Experimental Design Fef s

Latin Squares and Partial Latin Squares Useful Des1gn Tools...........254
Power for ANOVA .. ...255

Sample Size and Lunﬂdnnce II‘itEI"v'H]‘: ..................................................... 258

Confidence Intervals for Proportions ............ciiimiiieminen. 259

Peeudo-Raplicates b il i inainsi e 260

Too Many p-Values: False Discovery Rate ..., 262

Key Poinds for Chapter 15 ... ssainiadiiiniiniiinii. 264

- e b R e




Contents ix

16. When Things Go WIONg ...t 265
Inadequate Measurement SyStem ..o 265
Incorrect Assignment of Individuals to Groups ... 265
An Undiscovered COVATIALE .....ouveriiiiiisiinsmiireimmisss s nianssabsssvrgisads 266
Unintended Order Effects ... s s 266
L TS T B v SRR e e R S R 267
IMPUtatION ... i, R e R R e 2649
SUmMMary......... R R S R NS PR 271
Key Points for Chapter 16 ... 271

Appendix A: Matrices and Vectors ..., 273

Appendix B: Solving Your Problem...... e R 287

BERREEBINCRE . ..ol oo iviiiaissastoiuniuridnand ieahiesveswon Sooa v aksd samut e sksasadng osd v s SR P 289




