
Contents

Preface xi

1 Randomization tests and confidence intervals 1

1.1 The idea of a randomization test 1

1.2 Examples of randomization tests 4

1.3 Aspects of randomization testing raised by the examples 14

Determining significance levels: sampling the

randomization distribution versus systematic

enumeration 15

Equivalent test statistics 16

Significance levels for classical and randomization tests 17
Limitations of randomization tests 18

1.4 Confidence intervals by randomization 18

2 Monte Carlo and other computer-intensive methods 21

2.1 Monte Carlo tests 21

2.2 The Jackknife 23

2.3 The bootstrap 26

2.4 Bootstrap tests of significance and confidence intervals 28

3 Some general considerations 31

3.1 Introduction 31

3.2 Power 32

3.3 Determining how many randomizations are needed 33

3.4 Determining a randomization distribution exactly 36

3.5 The computer generation of pseudo-random numbers 38

3.6 Generating random permutations 41

Appendix A A FORTRAN function to produce a

pseudo-random number between 0 and 1 41

Appendix B A FORTRAN subroutine to randomly

permute the values in an array 42

4 One- and two- sample tests 43

4.1 The paired comparisons design 43



vi Contents

4.2 The one-sample randomization test 48

4.3 The two-sample randomization test 49

4.4 The comparison of two samples on multiple
measurements 52

Further reading 57
Exercises 57

Appendix A A FORTRAN subroutine for the paired

comparisons design or one-sample

randomization test with complete
enumeration 58

Appendix B A FORTRAN subroutine for the paired

comparisons design or one-sample

randomization test with sampling of the
randomization distribution 60

Appendix C A FORTRAN subroutine for the

two-sample randomization test 61

5 Analysis of variance 64

5.1 One-factor analysis of variance 64
5.2 Bartlett’s test for constant variance 65

5.3 Examples of more complicated types of analysis of
variance 69

5.4 Discussion 78

5.5 Computer program 79

Further reading 79
Exercises 81

Appendix A FORTRAN subroutines for one, two and

three factor analysis of variance 84

6 Regression analysis 91

6.1 Simple linear regression 91

6.2 Testing for a non-zero /?-value 95

6.3 Confidence limits for /3 95

6.4 Multiple linear regression 96

6.5 Randomizing X variable values 104

Further reading 104
Exercises 106

Appendix A FORTRAN subroutines for simple and

multiple linear regression 108

7 Distance matrices and spatial data 112

7.1 Testing for association between distance matrices 112

7.2 Mantel’s test 114



Contents vii

7.3 Determining significance by sampling the randomization
distribution 116

7.4 Confidence limits for a matrix regression coefficient 118

7.5 Problems involving more than two matrices 120

Further reading 129
Exercises 131

Appendix A FORTRAN subroutines for the Mantel
test on two matrices 135

Appendix B FORTRAN subroutines for the Mantel
test on three matrices 138

8 Other analyses on spatial data 141

8.1 Introduction 141

8.2 The study of spatial point patterns 141
8.3 Mead’s randomization test 142

8.4 A test based on nearest-neighbour distances 147

8.5 Testing for an association between two point patterns 149

8.6 The Besag-Diggle test 150

8.7 Tests using distances between points 152

Further reading 154
Exercises 155

Appendix A FORTRAN subroutines for Mead’s
randomization test of blocks of 16

quadrats 158

Appendix B FORTRAN subroutines for a Monte

Carlo test for points being randomly

placed in a rectangular region 160

9 Time series 164

9.1 Randomization and time series 164

9.2 Randomization tests for serial correlation 165

9.3 Randomization tests for trend 170

9.4 Randomization tests for periodicity 176

9.5 Irregularly spaced series 183
9.6 Tests on times of occurrence 185

9.7 Discussion on procedures for irregular series 187

9.8 Bootstrap and Monte Carlo tests 192

Further reading 194
Exercises 195

Appendix A FORTRAN subroutines for the

randomization testing of serial

correlations and the Von Neumann ratio 196



viii Contents

Appendix B FORTRAN subroutines for testing the

periodogram of a time series for
randomness 199

Appendix C FORTRAN subroutines for testing the
distribution of the times between events 201

10 Multivariate data 205

10.1 Univariate and multivariate tests 205

10.2 Sample means and covariance matrices 205

10.3 Comparison of sample mean vectors 206

10.4 Chi-squared analyses for count data 214

10.5 Principal component analysis and other one-sample
methods 217

10.6 Discriminant function analysis 218

Further reading 222
Exercises 223

Appendix A FORTRAN subroutines for the

comparison of multivariate samples 228

11 Ad hoc methods 233

11.1 The construction of tests in non-standard situations 233

11.2 Testing for randomness of species co-occurrences on
islands 233

11.3 Examining time changes in niche overlap 244

11.4 Probing multivariate data with random skewers 252

11.5 Other examples 256

12 Conclusion 259

12.1 Randomization methods 259

12.2 Bootstrap and Monte Carlo methods 259

References 261

Author index 273

Subject index 277


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]


