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Characteristic function, 426
Chebyshev inequality, 472
Chi-squared distribution, 47; for

testing linear hypothesis with
known variance, 310; in testing
normal variance, 114, 155;
limit for likelihood ratio, 515,
516; non-central, 306, 308,
311; relation to exponential
distribution, 54; relation to
F -distribution, 158; relation to
t-distribution, 156. See also
Gamma distribution; Normal
one-sample problem, variance;
Wishart distribution

Chi-squared test: as a Neyman smooth
test, 601; asymptotically
maximin property, 593,
594; for simple hypotheses,
420, 514, 515, 590…597;
for composite hypotheses,
597…599; in contingency tables,
626; for testing uniformity,
594…597

Closure method for multiple testing,
385

Cluster sampling, 449
Cochran-Mantel-Haenszel test, 135
Coe�cient of variation: asymptotic

con“dence interval for, 509;
con“dence bounds for, 273;
tests for, 157, 222, 230

Comparison of experiments, 136, 204
Complement of a set E, denoted Ec ,

28
Completeness of a class of decision

procedures, 17, 18, 108; for
one-parameter exponential
family, 141; of classes of
one-sided tests, 69; of class of
two-sided tests, 140; relation
to su�ciency, 21. See also
Admissibility

Completeness of family of
distributions, 115; of
binomial distributions, 116;
of exponential families, 117;
of nonparametric family,
118; of normal distributions,
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548, 549, 557; con“dence
bounds for, 273; intraclass,
313; multiple tests of, 661;
nonparametric bootstrap test
of, 670; testing value of, 190,
231, 261. See alsoBivariate
distribution; Dependence,
positive; Multiple correlation
coe�cient; Rank correlation
coe�cient; Sample correlation
coe�cient

Countable additivity, 28
Countable generators of � -“eld, 699
Counting measure, 29
Covariance matrix, 89, 305
Coverage error, 662…668
Cramér•s condition, 459
Cramér-von Mises statistic 459;

limiting distribution, 616; as
a weighted quadratic statistic,
611, 612

Cramér-Wold device, 426
Credible region, 172, 173; highest

probability density, 173, 175,
202

Critical function, 58
Critical region, 56
Cross product ratio, seeOdds ratio
Cumulative distribution function

(cdf), 30, 52, 424; con“dence
bands for, 255, 276; empirical,
245, 255; inverse of, 266.
See alsoKolmogorov test for
goodness of “t; Probability
integral transformation

d-admissibility, 233, 264. See also
Admissibility

Data Snooping, 378
Decision problem: speci“cation of, 4
Decision space, 4, 5
Decision theory, 27, 28; and inference,

6
De“ciency, 157
Delta method, 436…439
Density point, 185
Dependence: measure of, 129;

mo;dels for, 448…451 positive,
145; positive quadrant, 145;
regression, 191, 240.See
also Correlation coe�cient;
Independence

Design of experiments, 8, 9, 130,
204, 293. See alsoRandom
assignment; Sample size

Directional error, 139, 140, 373
Direct product (of two sets), 33
Dirichlet distribution, 202
Distribution, see the following

families of distributions :
Beta, Binomial, Bivariate
normal, Cauchy, Chi-squared,
Dirichlet, Double exponential,
Exponential, F , Gamma,
Hypergeometric, Inverse
Gaussian, Logistic, Lognormal,
Multinomial, Multivariate
normal, Negative binomial,
Noncentral, Normal, Pareto,
Poisson, Polya, Power series,
t , Hotelling•s T 2, Triangular,
Uniform, Weibull, Wishart.
See alsoExponential family;
Monotone likelihood ratio;
Total positivity; Variation
diminishing

Dominated convergence theorem, 32
Dominated family of distributions,

45, 698, 699
Domination: of one procedure

over another, 17. See also
Admissibility; Inadmissibility

Double exponential distribution, 259,
323, 342; AUMP and LAUMP
property, 546, 547; locally
most powerful test in, 342;
q.m.d. property, 487; UMP
conditional test in, 402

Duncan multiple comparison
procedure, 368

Dunnett•s multiple comparison
method, 390

Dvoretzky, Kiefer, Wolfowitz
inequality, 442

EDF, see Empirical distribution
function

Edgeworth expansions, 459…462, 481,
662

E�cacy, 536
E�cient likelihood estimation, 504
Elliptically symmetric distribution,

314





Subject Index 773

Finite decision problem, 54
First-order accurate, 666
Fisher•s exact test, 127, 149.See also

Two by two tables
Fisher Information, 485, 486
Fisher•s least signi“cant di�erence

method, 368
Fisher linkage model, 598
Fisher•s z-transformation, 439
Fixed e�ects model, 297. See also

Linear model; Model I and II
Free Group, 25
Frequentist point of view, 175
Friedman•s rank test, 290
F -test for linear hypothesis, 280;

admissibility of, 281; as
Bayes test, 309; for nested
classi“cation, 302; has best
average power, 308; in Fisher•s
least signi“cant di�erence
method, 368; in Gabriel•s
simultaneous test procedure,
368; in mixed models, 426; in
model II analysis of variance,
299; power of, 281; robustness
of, 445, 446, 448, 480, 491See
also F -distribution

F -test for ratio of variances, 106, 107,
220, 238; admissibility of, 239;
nonrobustness of, 446.See
also F -distribution; Normal
two-sample problem, ratio of
variances

F -test in multiple comparison
procedures, 366

Fubini•s theorem, 34
Fully informative statistics, 96
Functionals, 571
Fundamental lemma, see Neyman-

Pearson fundamental
lemma

Gabriel•s simultaneous test procedure,
368

Gamma distribution �( g, b), 99, 196;
relation to Beta distribution,
196; scale parameter of, 201;
shape parameter of, 196.
See also Beta distribution;
Chi-squared distribution;
Exponential distribution

Gaussian curvature, 341
Generalized linear models, 318

Ghosh-Pratt identity, 200
Glivenko-Cantelli theorem, 441
Goodness of “t test, vii, 256 583;

bootstrap tests of, 673;
in multinomial models,
514…516;See also Chi-squared
tests; Kolmogorov-Smirnov;
Neyman•s smooth tests;
Separate families; Weighted
quadratic tests

Group: amenable, 334; free, 25;
generated by subgroups,
217; linear, 216, 227, 334; of
monotone transformations,
215; orthogonal, 215, 217,
330;; permutation, 215; scale,
215; transformation, 212,
213; transitive, 215, 220;
translation, 215, 219, 333. See
also Equivariance; Invariance

Group, 692, 693; family, 395, 401
Guaranteed power: achieved through

sequential procedure, 124, 126,
198, 199

Haar measure, 227, 331
Hazard ordering, 101
Hellinger distance, 530…534, 582
Hierarchical classi“cation. see Nested

classi“cation
Higher order asymptotics, 661…668
Highest probability density (HPD)

credible region, 173, 175, 202
Hilbert space, 696…698
Hodges-Lehmann e�ciency, 539
Hodges• supere�cient estimator, 525
Holm procedure for multiple testing,

350, 351, 363, 385
Homogeneity of means: tests of, 285;

against ordered alternatives,
287; multiple comparisons for,
364, 366; for normal means,
285, 287; nonparametric, 286,
290, 458. See also Multiple
comparisons

Homomorphism, 12
Hotelling•s T 2-test, 306; admissibility

of, 317; as Bayes solution, 317;
minimaxity of, 335

HPD region. see Highest probability
density

Huber condition 455
Hunt-Stein theorem, 331
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Maximin multiple tests, 354, 357,
358, 360

Maximin test, 320; by Hunt-Stein
theorem 333; existence of,
338; local, 322; relation to
invariance, 329. See also
Least favorable distribution;
Minimax principle; Most
stringent test

Maximum likelihood, 16, 17, 504…508;
in normal model, 504, 505; in
exponential family models,
505. See also Likelihood ratio
test

Maximum modulus con“dence
intervals, 379

McNemar•s test, 138, 149
Measurable: function, 30; set, 29;

space, 29; transformation, 30,
34

Measure, 29
Median, con“dence bounds for, 105
Median unbiasedness, 22; relation to

con“dence bounds, 162
Meta-analysis, 109
Metric space, 527, 571, 694.See

also Hellinger; Kolmogorov-
Smirnov; Kullback-Leibler;
Lévy; Mallows; Prohorov,
Total variation

Minimal complete class of decision
procedures, 17. See also
Completeness of a class of
distributions; Essentially
complete class of decision
procedures

Minimal su�cient statistic, 21
Minimum Chi-squared estimator, 597
Minimax principle, 15, 347; and

least favorable distribution,
18; in con“dence estimation,
335; relation to invariance,
25; relation to unbiasedness,
24. See also Maximin test;
Restricted Bayes solution

Minkowski•s inequality, 697
Missing observations, 410
Mixed model, 297, 304, 314, 315
Mixtures of experiments, 392, 394,

395, 410, 414
MLR, see Monotone likelihood ratio
Model I and II, 297. See also Mixed

model; Random e�ects model

Model selection, 11
Monotone class of sets, 50
Monotone convergence theorem, 32
Monotone decision rule, 355, 357, 387
Monotone likelihood ratio, 65,

69, 101, 104; mixtures of
distributions with, 341,
401, 403; necessary and
su�cient condition for, 98; of
di�erences, 402; of distribution
of correlation coe�cient, 261;
of exponential family, 67; of
location families, 323, 401,
402; of noncentreal χ2 and F ,
307; of noncentral t, 224; of
scale families, 324; relation to
total positivity, 103; tests and
con“dence procedures in the
presence of, 65, 69, 73.See also
Stochastic increasing

Monotone loss function, 76
Monte Carlo simulation 442, 443;

for bootstrap, 649; for
subsampling, 679

Mortality. see Hazard ordering
Most stringent test, 276, 337;

existence of, 346
Moving average process, 450
Moving blocks bootstrap, 687
Multinomial distribution, 47, 202; as

conditional distribution, 54;
Dirichlet prior for, 202; for
entries of 2× 2 table, 128

Multinomial model: maximum
likelihood estimation in, 514,
515; testing a composite
hypothesis in, 597, 598;
testing a simple hypothesis
in, 514…516, 590…597; for
2 × 2 table, 128, 130; for
three-factor contingency table,
133. See also Chi-squared test;
Contingency tables

Multiple comparison procedures,
iii, 293, 343; complexity
of, 373; history of, 391;
interpretability of, 372;
signi“cance levels for, 368,
370, 371.See also Duncan and
Dunnett multiple comparison
methods; Newman-Keuls
multiple comparison
procedure; Simultaneous



778 Subject Index

con“dence intervals for, 273;
test for, 157, 224, 294, 303

Normal one-sample problem, the
mean: admissibility of test
for, 235; AUMP test for, 555,
556; con“dence intervals for,
163, 250, 405; credible region
for, 172m 174; Edgeworth
expansion for t-statistic, 517;
LAUMP test of equivalence
with unknown variance, 563,
564; likelihood ratio test for,
87; median unbiased estimate
of, 164; nonexistence of test
with controlled power, 157;
nonexistence of UMP test
for, 89; optimum test for, 92,
155, 156, 260, 283, 401; test
for, based on random sample
size, 95; two-stage con“dence
intervals for, of “xed length,
198, 199; two-stage test
for, with controlled power,
199; two-sided test for, 260;
sequential con“dence intervals
for, 163, 199. See alsoMatched
pairs; t-test

Normal one-sample problem, the
variance: admissibility of test
for, 238; conditional con“dence
intervals for, 415; con“dence
intervals for, 165, 201; credible
region for, 174; likelihood ratio
test for, 87; optimum test for,
87, 92, 154, 220, 325

Normal response model, 134
Normal scores statistic, 269
Normal scores test, 243; optimality

of, 243, 244
Normal subgroup, 257
Normal two-sample problem,

di�erence of means:
comparison with matched
pairs, 204; con“dence intervals
for, 165; credible region for,
202; optimal tests for for
(with variances equal), 107,
160, 195, 225, 260, 284.See
also Behrens-Fisher problem;
Homogeneity of means, tests
of; t-distribution; t-test

Normal two-sample problem, ratio of
variances, 107, 157, 220, 238;

con“dence intervals for, 166,
254, 272; credible region for,
202; nonrobustness of test for,
446; test for, 107, 157, 259.
See alsoF -test for ratio of
variances; Ratio of variances

Nuisance parameters, 318, 402
Null set, 40

Odds ratio, 126, 399; most accurate
unbiased con“dence intervals
for, 200. See alsoBinomial
probabilities; Contingency
table; Two by two tables

One parameter exponential family,
67, 81, 111; complete class for,
141; most stringent test in,
338.

One-sided hypotheses, 65, 124
One-way layout, 285, 353; Bayesian

inference for, 304; model II
for, 297; nonparametric, 286.
See alsoHomogeneity, tests of;
Normal many-sample problem

Onto, seeTransformation
Optimality, 9, 10
Orbit of transformation group, 214
Ordered alternatives, 287
Order notation OP (1), oP (1), 433;

an � bn , 498; an � bn , 535
Order statistics, 37, 38; as

maximal invariants, 215;
as su�cient statistics, 53,
176; completeness of, 118,
141; distribution of, 266;
equivalent to sums of powers,
38; expected values of, 243; in
permutation tests, 176

Orthogonal group, 215, 217, 330
Orthogonal: transformations, 194,

215; vector, 697
Orthonormal: system, 697; vector,

697

Paired comparisons, see Matched
pairs

Pairwise su�ciency, 53
Parameter space, 3
Parameters, unrelated, seeVariation

independent parameters
Parametric bootstrap, 651…653; in

Behrens-Fisher problem, 671,
672
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109; for randomization test,
636; for randomized tests, 64;
in multiple testing, 350, 364;
in stepdown procedures, 360;
properties of, 64, 139; versus
“xed levels, 65

Quadrant dependence, 145, 210, 371,
372. See also Dependence,
positive

Quadratic mean derivative, 484
Quadratic mean di�erentiable

(q.m.d.) families, 484;
examples of: 486, 488;
loglikelihood expansion for,
489; properties of, 485…487

Quadrinomial distribution, 133
Quality control, 85, 223
Quantiles, 430, 649

Rao•s score tests.see Score tests
Radon-Nikodym derivative, 33, 51
Radon-Nikodym theorem, 33
Random assignment, 131, 182, 247,

293
Random e�ects model, 297; for

nested classi“cations, 301, 313;
for one-way layout, 297; for
two-way layout, 313. See also
Ratio of variances

Randomization, 8, 293; as basis for
inference, 182; possibility of
dispensing with, 95; relation to
permutation test, 184; tests,
632…643.See also Random
assignment; Randomized
procedure

Randomization distribution, 637
Randomization hypothesis, 633
Randomization models, 132, 187;

con“dence intervals in, 188;
history of, 210

Randomized procedure, 8; con“dence
intervals, 167; in conditioning,
414

Randomized test, 58; representation
as nonrandomized test, 74

Randomness, hypothesis of, 270
Random sample size, 95, 142, 210
Random variable, 30
Rank correlation coe�cient, 272
Ranks, 216; as maximal invariants,

216, 241; distribution under

alternative, 265, 266; null
distribution of, 242. See also
Signed ranks

Rank-sum test, 147. See also
Wilcoxon test

Rank tests, 241; as special case
of permutation tests,
635, 636; in multivariate
problems, 318; surveys of,
286. See also Nonparametric;
Nonparametric two-sample
problem; Symmetry; Trend

Ratio of variances: con“dence
intervals for, 166, 254, 272,
299, 558; in model II, 299;
tests for, 157, 220, 259, 298,
412. See also F -test for ratio of
variances; Homogeneity, tests
of; Random e�ects model

Recognizable subsets,see Relevant
subsets

Rectangular distribution, see Uniform
distribution

Regression, 169, 318, 395; as linear
model, 278, 293; comparing
several lines, 295, 312;
con“dence band for, 384,
391; con“dence intervals
for coe�cients, 223, 295;
intercepts and ordinates
of line, 170; polynomial,
278; robustness of tests for,
451…458; tests for coe�cients,
169, 293; with both variables
subject to error, 312. See also
Trend

Regression dependence, 191, 240.See
also Dependence, positive

Regular (estimator sequence), 508,
526

Relative e�ciency, 539. See also
Asymptotic relative e�ciency

Relevant and semirelevant subsets,
175, 405, 406, 413; history of,
414, 415; randomized version
of, 414; relation to Bayesian
inference, 415

Restricted Bayes solution, 15
Riemann integral, 31
Risk function, 4, 9, 10
Robustness, 11, 347; against

dependence, 448…451, 680;
against F -test of means, 445,


