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11.7

11.12
11.24
11.27

co(n) (0.05n - In 8)/
In 3.5;

cl(n) (0.05n + In 4.5)/
In 3.5.

(9y - 20x)/30 ~ c.
2.17; 2.44.
2.20.

Appendix C

CHAPTER 12

12.3 (a) exp {(tlC + t2d)' fL +
[(tlC + t2d)'V

x (tlc + t2d)J/2}.
12.12 a, = 0, i = 1, 2, 3, 4.

"12.13 2: ali = 0, i = 1,2, ... , n.
i=l

Index

Analysis of variance, 291
Andrews, D. P., 404
Approximate distribution (s) , chi-square,

269
normal for binomial, 195, 198
normal for chi-square, 190
normal for Poisson, 191
Poisson for binomial, 190
of X, 194

Arc sine transformation, 217

Bayes' formula, 65,228
Bayesian methods, 227, 229, 385
Bernstein, 87
Beta distribution, 139, 149,310
Binary statistic, 319
Binomial distribution, 90, 132, 190, 195,

198, 305
Bivariate normal distribution, 117, 170
Boole's inequality, 384
Box-Muller transformation, 141

Cauchy distribution, 142
Central limit theorem, 192
Change of variable, 128, 132, 147
Characteristic function, 54
Characterization, 163, 172
Chebyshev's inequality, 58, 93, 188
Chi-square distribution, 107, 114, 169,

191,271,279,413
Chi-square test, 269, 312, 320
Classification, 385
Cochran's theorem, 419
Complete sufficient statistics, 355
Completeness, 353, 358, 367, 390
Compounding, 234
Conditional expectation, 69, 349
Conditional probability, 61, 68, 343
Conditional p.d.f., 67, 71, 118
Confidence coefficient, 213
Confidence interval, 212, 219, 222

for difference of means, 219
for means, 212, 214
for p, 215, 221
for quantiles, 304
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for ratio of variances, 225
for regression parameters, 298
for variances, 222

Contingency tables, 275
Contrasts, 384
Convergence, 186, 196,204

in probability, 188
with probability one, 188
stochastic, 186, 196, 204

Convolution formula, 143
Correlation coefficient, 73, 300
Covariance, 73, 179, 408
Covariance matrix, 409
Coverage, 309
Cramer, 189
Critical region, 236, 239, 242

best, 243, 245
size, 239, 241
uniformly most powerful, 252

Curtiss, J. H., 189

Decision function, 208, 228, 341, 386
Degenerate distribution, 56, 183
Degrees of freedom, 107, 264, 273, 279,

289
Descending M-estimators, 404
Distribution, beta, 139, 149, 310

binomial, 90, 132, 190, 195, 198, 305
bivariate normal, 117, 170,386
Cauchy, 142
chi-square, 107, 114, 169, 191, 271,

279,413
conditional, 65, 71
continuous type, 24, 26
of coverages, 310
degenerate, 56, 183
Dirichlet, 149,310
discrete type, 23, 26
double exponential, 140
exponential, 105, 163
exponential class, 357, 366
of F, 146, 282
function, 31, 36, 125
of functions of random variables, 122
of F(X), 126
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Distribution, beta (cant.)
gamma, 104
geometric, 94
hypergeometric, 42
limiting, 181, 193, 197, 270, 317
of linear functions, 168, 171, 176, 409
logistic, 142
lognormal, 180
marginal, 66
multinomial, 96, 270, 332
multivariate normal, 269, 405
negative binomial, 94
of noncentral chi-square, 289, 413
of noncentral F, 290, 295
of noncentral T, 264
normal, 109, 168, 193
of nS 2/a2, 175
of order statistics, 154
Pareto, 207
Poisson, 99, 131, 190
posterior, 228
prior, 228
of quadratic forms, 278, 410
of R, 302
of runs, 323
of sample, 125
of T, 144, 176, 260, 298, 302
trinomial, 95
truncated, 116
uniform, 39, 126
Weibull,109
of :Y, 173, 194

Distribution-free methods, 304, 312, 397
Double exponential distribution, 140

Efficiency, 372
Estimation, 200, 208,227,341

Bayesian, 227
interval, see also Confidence intervals,

212
maximum likelihood, 202, 347, 401
minimax, 210
point, 200, 208, 370
robust, 400

Estimator, 202
best, 341, 355, 363
consistent, 204
efficient, 372
maximum likelihood, 202, 347, 401
minimum chi-square, 273
minimum mean-square-error, 210
unbiased, 204, 341
unbiased minimum variance, 208, 341,

355, 361
Events, 2, 16

exhaustive, 15
mutually exclusive, 14, 17

Expectation (expected value), 44, 83,
176
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of a product, 47, 83
Exponential class, 357, 366
Exponential distribution, 105, 163

F distribution, 146, 282
Factorization theorem, 344, 358, 364
Family of distributions, 201, 354
Fisher, R. A., 388
Frequency, 2, 271

relative, 2, 12,93
Function, characteristic, 54, 192

decision, 208, 228, 341, 386
distribution, 31, 36, 125
exponential probability density, 105,

163
gamma, 104
likelihood, 202, 260
loss, 209, 341
moment-generating, 50,77, 84, 164
of parameter, 361
point, 8
power, 236, 239, 252
probability density, 25, 26, 31
probability distribution, 31, 34, 36
probability set, 12, 17, 34
of random variables, 35, 44, 122
risk, 209, 229, 341
set, 8

Geometric mean, 360
Gini's mean difference, 163

Huber, P., 402
Hypothesis, see Statistical hypothesis,

Test of a statistical hypothesis

Independence, see Stochastic
independence

Inequality, Boole, 384
Chebyshev, 58, 93, 188
Rao-Blackwell, 349
Rao-Cramerv J'Zz

Interaction, 295
Interval

confidence, 212
prediction, 218
random, 212
tolerance, 309

Jacobian, 134, 135, 147, 151
Joint conditional distribution, 71
Joint distribution function, 65
Joint probability density function, 65

Kurtosis, 57, 98,103,109,116,399

Law of large numbers, 93, 179, 188
Least squares, 400

Index

Lehmann alternative, 334
Lehmann-8cheffe, 355
Levy, P., 189
Liapounov,317
Likelihood function, 202, 205, 260
Likelihood ratio tests, 257, 284
Limiting distribution, 181, 193, 197, 317
Limiting moment-generating function,

188
Linear discriminant function, 388
Linear functions, covariance, 179

mean, 176, 409
moment-generating function, 171, 409
variance, 177, 409

Linear rank statistic, 334
Logistic distribution, 142
Lognormal distribution, 180
Loss function, 309, 341

Mann-Whitney-Wilcoxon, 326, 334
Marginal p.d.f., 66
Maximum likelihood, 202, 347

estimator, 202, 205, 347, 401
method of, 202

Mean, 49, 124
conditional, 69,75, 118, 349
of linear function, 176
of a sample, 124
of X, 49
ofK,178

Median, 30, 38, 161
M-estimators,402
Method

of least absolute values, 400
of least squares, 400
of maximum likelihood, 202
of moments, 206

Midrange, 161
Minimax, criterion, 210

decision function, 210
Minimum chi-square estimates, 273
Mode, 30, 98
Moment-generating function, 50, 77, 84,

189
of binomial distribution, 91
of bivariate normal distribution, 119
of chi-square distribution, 107
of gamma distribution, 105
of multinomial distribution, 97
of multivariate normal distribution,

408
of noncentral chi-square distribution,

289
of normal distribution, 111
of Poisson distribution, 101
of trinomial distribution, 95
of:Y,171

Moments, 52, 206
factorial, 56
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method of, 206
Multinomial distribution, 96, 270, 332
Multiple comparisons, 380
Multiplication rule, 63, 64
Multivariate normal distribution, 269,

405

Neyman factorization theorem, 344, 358,
364

Neyman-Pearson theorem, 244, 267, 385
Noncentral chi-square, 289, 413
Noncentral F, 290, 295
Noncentral parameter, 264, 289,413
Noncentral T, 264
Nonparametric, 304, 312, 397
Normal distribution, 109, 168, 193
Normal scores, 319, 337, 398

Order statistics, 154, 304, 308, 369
distribution, 155
functions of, 161, 308

Parameter, 91, 201
function of, 361

Parameter space, 201, 260
Pareto distribution, 207
Percentile, 30, 311
PERT, 163, 171
Personal probability, 3, 228
Poisson distribution, 99, 131, 190
Poisson process, 99, 104
Power, see also Function, Test of a statis­

tical hypothesis, 236, 239
Prediction interval, 218
Probability, 2, 12, 34, 40

conditional, 61, 68, 343
induced, 17
measure, 2, 12
models, 38
posterior, 228, 233
subjective, 3, 228

Probability density function, 25,26,31
conditional, 67
exponential class, 357, 366
posterior, 228
prior, 228

Probability set function, 12, 17, 34
p-values,255

Quadrant test, 400
Quadratic forms, 278

distribution, 278, 410, 414
independence, 279, 414

Quantiles, 30, 304
confidence intervals for, 305

Random experiment, 1, 12, 38
Random interval, 212
Random sample, 124, 170,368
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Random sampling distribution theory,
125

Random variable, 16,23, 35
continuous-type, 24, 26
discrete-type, 23, 26
mixture of types, 35
space of, 16, 19,20,27

Random walk, 380
Randomized test, 255
Range, 161
Rao-Blackwell theorem, 349
Rae-Cramer inequality, 372
Regression, 296
Relative frequency, 2, 12,93
Risk function, 209, 229, 341
Robust methods, 398, 402

Sample, correlation coefficient, 300
mean of, 124
median of, 161
random, 124, 170,368
space, 1, 12, 61, 200
variance, 124

Scheffe, H., 382
Sequential probability ratio test, 374
Set, 4

complement of, 7
of discrete points, 23
element of, 4
function, 8, 12
null, 5, 13
probability measure, 12
subset, 5, 13

Sets, algebra, 4
intersection, 5
union, 5

Significance level of test, 239,241
Simulation, 127, 140
Skewness, 56, 98, 103, 109, 116
Space, 6, 16,23,24

parameter, 201, 260
product, 80
of random variables, 16, 19,20,23,24
sample, 1, 12, 61, 200

Spearman rank correlation, 338, 400
Standard deviation, 49, 124
Statistic, see also Sufficient statistic(s),

122
Statistical hypothesis, 235, 238

alternative, 235
composite, 239, 252, 257
simple, 239, 245, 252
test of, 236, 239

Statistical inference, 201,235
Stochastic convergence, 186, 196,204
Stochastic dependence, 80
Stochastic independence, 80, 120, 132,

140,275,300,390,414

Index

mutual, 85
of linear forms, 172
pairwise, 87, 121
of quadratic forms, 279,414
test of, 275, 300
of X and S2, 175, 391

Sufficient statistic(s), 343, 364, 390
joint, 364

T distribution, 144, 176, 260, 264, 298,
302

Technique, change of variable, 128, 132,
147

distribution function, 125
moment-generating function, 164

Test of a statistical hypothesis, 236, 239
best, 243,252
chi-square, 269, 312, 320
critical region of, 239
of equality of distributions, 320
of equality of means, 261, 283, 291
of equality of variances, 266
likelihood ratio, 257, 260, 284
median, 321
nonparametric, 304
power of, 236, 239, 252
of randomness, 325
run, 322
sequential probability ratio, 374
sign, 312
significance level, 239, 241
of stochastic independence, 275, 300
uniformly most powerful, 251

Tolerance interval, 307
Training sample, 388
Transformation, 129, 147

of continuous-type variables, 132, 147
of discrete-type variables, 12F
not one-to-one, 149
one-to-one, 129, 132

Truncated distribution, 116
Types I and II errors, 241

Uniqueness, of best estimator, 355
of characteristic function, 55
of moment-generating function, 50

Variance, analysis of, 291
conditional, 69, 76, 118,349
of a distribution, 49
of a linear function, 177
of a sample, 124
of X, 49
of Y, 178

Venn diagram, 6

Weibull distribution, 109
Wilcoxon, 314, 326, 334


