1 Linear RegresSiON......cccccoieiiieiiie e ccee e esee e
11 INtrodUCTION ..o
12 The Method of Least SQUAresS......cccvvevvreriennnne

121 Correlation VErsion.......e.

1.2.2 Large-sample limit.......ccccooviiiiiiiniiennnnn,
1.3 The origins of regression........ccccccevveviveiiesineesnennn,
14 Applications of regression.........cccecvvvvenenenennenn
15 The Bivariate Normal Distribution ....................
16 Maximum Likelihood and Least Squares............
17 SUMS Of SQUATES...ccviieeiicii e
18 TWO FrEQIeSSOIS...uiiiiiiiiiiieiieeesieeerie e sire e esine e
EXEICISES oot

2. The Analysis of Variance (ANOVA)......ccce...
21 The Chi-Square Distribution........ccccceevvivninnnnnne
2.2 Change of variable formula and Jacobians........
2.3 The Fisher F-distribution........ccccccoovvieviviieinenns
24 0Orthogonality ...
25 Normal sample mean and sample variance........
2.6 One-Way Analysis of Variance..........cccocevevenenne.
2.7 Two-Way ANOVA; No Replications....................
2.8 Two-Way ANOVA: Replications and Interaction
EXEICISES .ot

3. Multiple Regression.......cccccoevvveiieiiiesiee e
31 The Normal EQUAatioNnsS.......ccocriviiivieieieic e

Contents

O 0O ~N W R

11
14
21
23
26
28

33
33
36
37
38
39
42
49
52
56

61
61



3.2 Solution of the Normal EQuations ..., 7 Model Checking and Transformation of D ata ........ccccvnienee. 163
3.3 Properties of Least-Squares Estimators 64 * 71 Deviations from Standard ASSUMPLIONS ........cccoovvveeermerrvornsrnrininnns 163
3.4 Sum-of-Squares DECOMPOSILIONS....ovvevvvsivvisvissviisns i i 7.2 Transformation 0f D @ta.......o.oooevvveeceeeoorrrereeeeeeeeesssseeeeeeeeeesesssseeeen
34.1  Coefficient of determination............ccewe 7.3 Variance-Stabilising Transformations.....................cccceeemerrerevvvvrennnns 171
3.5 Chi-Square DecompoSitioN...cccvviccinviciins s 79! 74 MUIICONMINERIIEY oo ees e 474
351 Idempotence, Ti-ace and Rank... R R
3.5.2 Quadratic forms in normal variates........cceee vvvvrrivninnns 811
3.5.3  Sums of Projections ... g Generalised Linear Models ......oocoommvommmrioenceronnmreinssssssseseesneses
3.6 Orthogonal Projections and Pythagoras’s Theorem T s 8.1 Introduction
3.7 Worked examples...........cccovvvvenenen. 8.2 Definitions and examples
Exercises 8.2.1 Stalistical testing andmodelcomparisons
L X % 8.2.2  Analysis of residuals.......cccccoeeorrciniicnicecnes
Further Multilinear Regression ... 823 Athletics times. ..
41 Polynomial Regression...........c...... 8.3 BiNAry MOdelS .o n
4.1.1 The Principle of Parsimony ... s, ~l 8.4 Count data, contingency tablesand log-linearmodels.... .
4.1.2 Orthogonal polynomials ... 8.5 Over-dispersion and the NegativeBinomialDistribution................ 197
4.1.3 Packages............ nf 8.5.1 Practical applications: Analysis of over-dispersed models
4.2 Analysis of Variance 1 TR 199
4.3 The MultivariateNormal DistribUtion.............cowusn. In, | EXEICISES  .ovuvuieiriescteic ettt bttt 200
4.4 The Multinormal Density........cccooovvevncnne 11
4.4.1 Estimation for the multivariate normal..........c.cccceuee. n3 9. Other TOPICS ittt 298
4.5 Conditioning and Regression........cccoovevneeinens 115 91 Mixed models ..298
4.6 Mean-square prediction 121 9.1.1 Mixed models and Generalised Least Squares................. 206
4.7 Generalised least squares and weighted regression......... ............ 123 9.2 NON-parametric regresSioN........oco e 211
Exercises ... 125 921 Kriging....o..... 218
9.3 Experimental Design.... 2
Adding a_dditional covariates and the Analysis ) 931 Optimality criteria. 215
OTC OVATIANGE =t iR, 9.3.2  Incomplete deSigNS. ..o 219
51 Introducing further explanatory variables................ n29 9.4 THME SBIIBS ittt ss et snsennes 219
5.11 Orthogonal parameters... 100 9.4.1 Cointegration and SPUriouSs regression.............c.ccoveverveen 220
52 ANCOVA oo 135 9.5 Survival analysis
521 Nested Models......cooovvvvnnnncinrii 1Y% 9.5.1 Proportional hazards
53 I?xamples ................................................................. A 96 p »n
Exercises .. ... B P P N s
Linear Hypotheses. . n SOIUTIONS e 2
6.1 Minimisation Under Constraints................... 149 Dramatis Personae: Whbo did what when ..., 269
6.2 Sum-of-Squares Decomposition and F-Test... 152
6.3 Applications: Sequential Methods.........cc.ccoovvvvervennenns 157 BibHOGraphy...cvvcceireee s 274
6.3.1 Forward selection.......... 157 279
6.3.2 Backward selection............ce..... Index
6.3.3  StepwisSe regreSSioN....cocrevervsrireeeriseninnns ,eq

Exercises ....



