CONTENTS

Chapter

LINEAR STATISTICAL INFERENCE

1.1 Introduction ... .iiiiiiiiiii it iii e 1
1.2 Generalized Inverse Matrices .........vevvviinnnnnnnn, 1
1.3 Some Properties of g-Inverses .........oeveveennneenn. 9
1.4 Moore-Penrose Inverse of a Matrix ..........cceeuunnn. 12
1.5 Linear Equations ..........coiiiveiiviiiiinnnrnennnnn. 22
1.6 Some Distribution Theory Results ...........coveuunnn. 28
1.7 Distributions of Quadratic Forms ...............cu.... 32
1.8 Linear Estimation ...... ... ... .iiiiiiiiiiiiiinnnnnn., 35
1.9 Test of Hypotheses ...........ccciiviiiiiiiinninnnnn.. 51
1.10 Linear Estimation and Testing in

Correlated Variables ........cccviviiiiiiiiniennnnnn. 61

8 B 74
GENERAL STRUCTURE OF ANALYSIS OF DESIGNS
2.1 Introduction ....iiiiiiiiiii ittt it iiieanen, 83
2.2 Structure of a One-Way Design .....covveiinernnennnnnn 83
2.3 Analysis of a One-Way Design ......covviiveenennnnnnn. 87
2.4 Methods for Solving Q = C i_ .......................... 94
2.5 Some Remarks on P, Q, and Matrices C, D .............. 98
2.6 Expected Values of Sums of Squares of

Intrablock Analysis of Variance ........covvvvunvnnnn. 103
2.7 Connectedness, Balancedness, and Orthogonality ....... 106



(i1)

Chapter
2.8 Analysis with Recovery of Interblock
Information ..ottt e e 131
2.9 Analysis of Two-Way Designs .....vveeueonnnnennennnnnn. 151
O ] 162

SOME STANDARD DESIGNS

3.1 Introduction .....oiuiiiiiiiii i 165
3.2 Randomized Block Design ......ovveneeennvnnnennnnnnnn.. 165
3.3 Methods of Multiple Comparisons in a RBD .............. 170
3.4 Analysis of a RBD when Blocks are Random .............. 175

3.5 Balanced Incomplete Block Design ........ovevvueuennn... 177



3.6
3.7
3.8
3.9
3.10
3.11

(111)

Intrablock Analysis of a BIBD ......civiiiiiiiannnenen. 186
Analysis with Recovery of Interblock Information ...... 194
Partially Balanced Incomplete Block Designs ........... 203
Intrablock Analysis of a PBIBD .......c.ccevinennvnnenn 213
Analysis of PBIBD with Recovery of Information ....... 224
SpTit-Plot DeSign ..evuieinieensneeearanneocnusnenne 232
EXERCISES ivvvvenennnnrnenannnns treresasasersrennerss . 259

SOME STANDARD DESIGNS I1

4.1
4.2
4.3
4.4
4.5
4.6
4.7

Introduction ...veeeviisirieriirenteanarrossasntaoanas 282
Latin SQUATES .« e userneneeneensrnseorassssrsesaeneesnas 283
CrosS-0ver DeSTgn ..ceeveeeirseeeancossesossescosnnnnas 292
Graeco-Latin Square Design .....ccieiiiirerientinncnnns 296
Change-0ver Design ...iieeiiiiinrenriniinirinniannenns 304
Youden Square Design ......c.iciiieiiiieiinnn ; ........ 326
Lattice DesSign v.evrirriesroienneneeaecsonsasnssnsanss 337

EXERCISES vvvvvvevavroennseannansneassocsoosnsnnsansnns 349



(iv)

GALOIS FIELD THEORY

5.1 Introduction ....coiuuiniiiiiiiiiiiiiiniiienennnnnns 357
5.2 GALOIS Field Theory .....eeviiiniiinnnnnnnnnnn. Cereaes 357
5.3 Finite Projective Geometry .....ovvvieenrvnnnennnnnnns 368
5.4 Finite Euclidean GEOMEtrY ....evevereereneecnnennnnens 377

EXERCISES ....... Ceteeceuareaesatareatsracaarsennaanans 386

CONSTRUCTION OF DESIGNS

6.1 Introduction ......oiiiniriiiiiiiiiiiiiiiirennnnnnnns 387
6.2 Construction of MOLS of Side S .....veverrivennnnnnn.. 387
6.3 Construction of BIBD .....ccvvinennieninnnnnrnnnnnnn. 398
6.4 Construction of a Youden Square ..........ocvvveennnn. 424
6.5 Construction of PBIBD ....cvvvuvivnnvineneenennennnnns 429

S I ] o Ceeeraen 441

FACTORIAL DESIGNS

7.1 Introduction ..ottt 445

7.2 Interactions in Factorial Experiments ................ 449



(v)

7.3 2™ Factorial Design vocvevenennne P eeseenearaeraeeannan 457
7.4 Yates Method for 2" Designs ........eeeeee.. ererenan 463
7.5 3™ Factorial DESTgNS vivviirrrrrocnreseasocencannnane 473
7.6  Extended Yates Method for 3" Designs ................ 487
7.7 Use of E(m,s) ina S" DeSign eeeeevnreeneeennneenns 493
7.8 Analysis of a $1Sy -+ Sy Design ...cvviiiincnionnane 500

EXERCISES «vsevnsenneennersnnesnnessneessnaessneennnes 509

CONFOUNDED FACTORIAL DESIGNS

8.1 Confounding ........ Lt ecseesusesasteraaanreacennoenns .. 515
8.2 Confounding 1in a M Design cieiiiiiiiiiii it 518
8.3 Confounding in a gm Design ......... Cerieteesesenaaes 535
8.4  Analysis of a (", SK) Design ......oeeeerinininnnnn, 548
8.5 Partial Confounding and Balancing .......c.cviiveuvennes 557
8.6 Analysis of Partially Confounded Designs .............. 572

EXERCISES ...... Ceeeeasecsasaaseasaaesneaarnensaranaans 589

FRACTIONAL REPLICATE DESIGNS

9.1 Fractional Replication ....civiiriieirnneennennnnnnns 597



9.2

9.3

9.4

9.5

9.6

9.7

(vi)

%- Replicate of a oM DEeSTgN veiieenirennennnnreanen

;%- Replicate of a 2" DesSign tuiviiviietnnrennnccnnns

2

Confounding in %- replicate of Vi Design .........

Confounding in'la replicate of ™ Design .........

2

Use of E(m,s) in fractional replicates of "

Designs ..

sP

EXERCISES

-------------------------------------------

1 replicate of M DESTgN vivirrieenenerennnnnennn

ooooooooooooooooooooooooooooooooooooooooooo

10. MISSING PLOT TECHNIQUE
10.1 Introduction ...cceveiiiniiiniiiiiiiiiinnnnennnnnnn,
10.2 Analysis with Available Data ...covevivennnennnnnnnn.
10.3 Analysis with Missing Yields .....ccvvvvninnnennnnn. ..
10.4 Binary Missing Value Designs ......ovevevevveennnennn.
10.5 Two-Way Designs with Missing Values ......oouvvnnn...
10.6 Loss of Efficiency Due to Missing Values ............
10.7 Analysis with Mixed Up Values .....cvvverivnnnnnnnn..
10.8 Covariance Techniques .....covvriiiiiinernnennnnnnnnn.
8 O R
REFERENCES

------------------------------------------

600

609

615

622

624

638

648

655
657
659
664
670
684
689
700
706
711



