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Cross-validation procedure, error rate
estimation, two-class discrimination
problem, 32-39
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standard errors and quartiles, 48-50
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defined, 6
error rate estimation, two-class
discrimination problem, 35-39
literature sources on, 22
resampling process, 125

Edgeworth expansion:

bootstrap confidence intervals, historical
notes, 7677

bootstrap estimation, literature sources,
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resampling procedures, delta method,
118-119
Efron’s bootstrap, evolution of, 18-24
Efron’s patch data problem, error rate
estimation, 44—-46
EM algorithm, mixture distribution models,
147-148
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bootstrap estimation, 17
literature sources, 21-22
smoothed bootstrap and, 123-124
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discrimination error rate, 28-39
Efron’s patch data example, 44-46
problem definition, 39-44
bootstrap methods, 6
historical sources on, 51-52
Error term, regression analysis, properties,
78
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accuracy evaluation, 8
bias, 26—46
bootstrapping applications, 2627
discrimination error rate, 28-39
Efron’s patch data example, 44—46
error rate problem, 39-44
historical notes, 51-51
location and dispersion, 46—50
means and medians, 47-48
standard errors and quartiles, 48—
50
selection criteria for, 8
Explosive autoregressive time series,
bootstrap methods, 107-108
Extreme value estimations, bootstrap
failure and, 177-179, 185-186

Failure rate analysis, Fisher’s exact
permutation test, 152—153
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p-value adjustment, 150
Fast Fourier transform (FFT), bootstrap
construction, frequency-based
approaches, 109-110
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bootstrap failure and, 186
survey sampling and bootstrap failure,
179-180
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First-order autoregression, time series
analysis, prediction intervals,
102-103

Fisher’s exact permutation test:
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regression analysis, bootstrap methods
and, 80
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bootstrap methods, 7
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F ratio:
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survival distribution analysis, censored
data, 149
Frequency domain analysis:
bootstrap methods, 108-110
historical notes, 111-113
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Gaussian distribution:
confidence intervals, bias correction and
acceleration constant, 59-61
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43-44
regression analysis:
least-squares estimation and, 78-79
nonlinear models, 86—-93
sample size and bootstrap failure, 174
time series analysis, prediction intervals,
100-103
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bias estimation, bootstrap methods, 27
error rate estimation, two-class
discrimination problem, 36-39
Gaussian tolerance intervals, process
capability indices and, 157-164
Gauss-Markov theorem, least-squares
estimation:
covariance matrices, 84—86
regression analysis, 83
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Generalized additive models, extended
bootstrap methods, 96

Generalized block bootstrap (GBB),
resampling process and, 120

Generalized lambda distribution, smoothed
bootstrap, 124

Glivenko-Cantelli theorem, bootstrap
sampling, 11-12

Gnedenko’s theorem, extreme value
estimation, 177-179

Gray codes, bootstrap techniques, 18

Greenwood’s formula, survival distribution
analysis, censored data, 149

Grid structures, spatial data, block
bootstrap on, 142-143

Hall’s notation, percentile methods,
confidence intervals, 58
Harmonic regression, regression analysis,
nonlinear models, 87-93
Hat notation, confidence intervals, bias
correction and acceleration
constant, 61
Heavy-tailed distribution:
bootstrap failure and, 176177
infinite moment distribution, 176-177
error rate estimation, two-class
discrimination problem, 37-38
process capability indices and, 158-164
regression analysis:
least-squares estimation and, 83—86
non-Gaussian error distribution, 79
Histograms:
confidence intervals and hypothesis
testing, Tendril DX Lead clinical
trial case study, 6871
process capability indices, 163—164
historical notes, “Short” bootstrap
confidence intervals, 77
Hypothesis tests:
basic principles, 66—67
bootstrap methods, 6, 10
confidence intervals and, 64—65
process capability indices and, 157-164
Tendril DX Lead clinical trial analysis,
67-71

Importance sampling, variance reduction,
133-134
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Inconsistency, bootstrap failure and,
176-182
Independent and identically distributed
(IID) observation, bootstrap
technology and, 1
Individual bioequivalence, in clinical trials,
153-155
Infinite moment distribution, bootstrap
failure and, 175-177
Infinitesimal jackknife bootstrap,
resampling procedures, 117-119
Influence function:
bootstrap sampling, 11
resampling procedures, 117-119
Integrated moving average (IMA) model,
basic principles, 97
Intention to treat (ITT) analysis, missing
data and, 166
Iterated bootstrap:
confidence sets, 55, 61-63
double bootstrap and, 125
Monte Carlo approximations and,
127-128
resampling process and, 121

Jackknife-after-bootstrap technique:
diagnostic applications, 7-8
diagnostics, 184-185, 187

Jackknife, bootstrap methods:
bias estimation, 27
bioequivalence applications, individual

bioequivalence, 153-155
error rate estimation, 32
evolution of, 17
regression analysis:
historical notres, 96
linear models, 86
resampling procedures, 115-116
Jensen’s inequality, error rate estimation,
Efron’s patch data problem, 44—46

Kalman filtering, bootstrap techniques and,
18
Kaplan-Meier survival curve, censored data
and, 148
Kernel smoothing:
nonparametric regression analysis, 93—
94, 96
resampling process and, 121
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Kriging:
bootstrap techniques, 7, 12, 14
historical notes, 169
spatial data, 139-142

Last observation carried forward (LOCF),
missing data and, 166
Lattice variables, basic principles of,
168-169
Least-squares estimation:
bootstrap techniques, 20-24
explosive autoregressive processes,
107-108
regression analysis:
bootstrap methods vs., 78
Gauss-Markov theory, 83
linear models, 82-86
quasi-optical nonlinear models, 91-93
Leave-one-out estimate, error rate
estimation:
bootstrap methods, 42—-44
two-class discrimination problem, 32-39
Left-out observations, error rate estimation,
42-44
Lesion data, process capability indices for,
158-164
Likelihood ratios:
error rate estimation, two-class
discrimination problem, 29-39
mixture distribution models, 145-148
Likelihood reestimation, regression
analysis and, 96
Linear approximation, variance reduction,
129-131
Linear differential equations, regression
analysis, nonlinear models, 88-93
Linear discriminant function:
bootstrap techniques, 13
error rate estimation, coefficient
variability, 41-44
Linear models, regression analysis,
bootstrap methods, 82—-86
covariance matrices, 84—-86
Gauss-Markov theory, 83
least squares methods, 83—84
Location estimation, bootstrap techniques,
46-50
means and medians and limits of, 47-48
standard errors and quartiles, 48—50
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Logistic regression procedure, subset
selection, 144-145

Long-range dependence, bootstrap failure
and, 183-184

Loss tangent, regression analysis, quasi-
optical nonlinear models, 89-93

Mapping applications, bootstrap
techniques, 139-142
Maximum likelihood estimation:
bias estimation, bootstrap methods, 27
bootstrap distribution, 9
evolution of bootstrapping and, 17
parametric bootstrap, 124-125
regression analysis, 78—79
time series analysis, prediction intervals,
100-103
M-dependent data sequences, bootstrap
failure and, 180-182
Mean difference, confidence intervals and
hypothesis testing, Tendril DX Lead
clinical trial case study, 68-71
Means, location and dispersion estimation,
47-48
Mean-square error predictions, time series
analysis, 101-103
Medians:
location and dispersion estimation,
47-48
standard error of, 48-50
M-estimates:
percentile methods, 57-58
regression analysis, linear models, 83—86
typical value theorems, 55-57
Minimum effective dose (MED)
calculations, binary dose-response
modeling, bootstrap confidence
intervals, 72-75
Missing data:
bootstrap applications for, 14
historical notes, 170-171
imputation of, 164—166
Mixed increasing domain asymptotic
structure, spatial data, block
bootstrap on regular grids, 143
Mixture distribution problems:
bootstrap techniques in, 145-148
historical notes, 170
number determination, 145-148
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Mixture models, bootstrap techniques in,
20-21
Model-based resampling:
bootstrap methods, 103—-107
historical notes, 112—-113
Monotone transformation, confidence
intervals, bias correction and
acceleration constant, 59-61
Monte Carlo approximation:
avoidance of, 135-137
bootstrap confidence intervals, 53-54
historical notes, 7677
bootstrap estimates, 5, 127-128
applications, 12-16
confidence intervals, bias correction and
acceleration constant, 59—-61
error rate estimation:
bootstrap methods, 43—44
two-class discrimination problem,
34-39
hypothesis testing, 66—67
iterated bootstrap, 63
sample size and bootstrap failure,
174
smoothed bootstrap, 123-124
standard error estimation, 9-10
bootstrap vs., 48-50
variance reduction, 129-135
antithetic variates, 132—-133
importance sampling, 133-134
m out of n bootstrap:
development of, 14
extreme value estimation, 178—179
infinite moment distribution, 177
literature sources on, 20-21
resampling methods, 7, 125-126
Moving block bootstrap (MBB):
long-range dependence and, 183184
resampling process and, 120
time series analysis, 104-107
Multinomial distribution, bootstrap
sampling, 10-11
Multiple imputation, missing data and,
166
Multivariate analysis, bootstrap
applications, 22
Multivariate distribution, error rate

estimation, two-class discrimination

problem, 36-39
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Multivariate hypothesis testing, error rate
estimation, two-class discrimination
problem, 28-39

Noise covariance, bootstrap techniques
and, 18
Nonlinear models, regression analysis,
bootstrap methods, 86-93
examples, 87-89
quasi-optical experiments, 89-93
Nonoverlapping block bootstrap (NBB),
time series analysis, 104-107
Nonparametric bootstrap:
confidence intervals, 53-54
diagnostics, 184185
evolution of, 17
literature sources on, 22
regression analysis, 93-94
resampling process and, 120-121
sample size and failures of, 173-174
Nonstationary autoregressions, historical
notes, 112—-113
Nonstationary point processes,
classification of, 167-168
Null hypothesis:
bioequivalence testing, Efron’s patch
data problem, 45-46
mixture distribution models, 147-148
Monte Carlo approximation, 66—67

Order statistics, bootstrap methods,
literature sources on, 23
Outliers:
bootstrap techniques and, 21
regression analysis, least-squares
estimation and, 83-86
time series analysis, Box-Jenkins models,
99

Parametric assumptions:
avoidance of Monte Carlo and, 135-137
bootstrap applications in, 9
confidence sets, 55
error rate estimation, two-class
discrimination problem, 31-39
Parametric bootstrap:
defined, 6
literature sources on, 20-24
resampling processes, 124-125



366

spatial data, kriging, 141-142
Passive Plus DX case study, p-value
adjustment, 150-152
Patch data problem, error rate estimation,
44-46
Pearson VII distribution family:
bootstrap techniques, 19
error rate estimation, two-class
discrimination problem, 36-39
Percentile methods:
bioequivalence applications, individual
bioequivalence, 154-155
bootstrap confidence intervals, 6, 53—-54
confidence intervals, 57-58
bias correction and acceleration
constant, 659-61
process capability indices and, 159-164
t method, confidence intervals and
hypothesis testing, 71
Periodic functions, regression analysis,
harmonic regression problem, 87-93
Periodograms, frequency-based approaches,
109-110
Permutation testing:
bootstrap applications in, 4-5
evolution of, 17
“Plug-in” methods, error rate estimation,
two-class discrimination problem,
31-39
Point processes, basic principles of,
166-168
Poisson distribution:
point processes, 167-168
regression analysis and, 96
Population distribution:
bias estimation, bootstrap methods, 27
bioequivalence studies, 155-156
location and dispersion estimation,
means and medians, 47-48
survey sampling and bootstrap failure,
179-180
Postblackening methods, time series
analysis, 105-107
Prediction intervals:
bootstrap methods, 99-103
regression analysis, 96
time series models, bootstrap methods,
99-103
historical notes, 112-113
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PROC CAPABILITY procedure, evolution
of, 160-164
Process capability indices:
basic principles and applications,
156-164
historical notes, 170
Projection pursuit regression,
nonparametric bootstrap, 94
Proof of concept (PoC) approach, binary
dose-response modeling, bootstrap
confidence intervals, 72-75
p-value adjustment:
binary dose-response modeling,
bootstrap confidence intervals, 75
bootstrap applications using, 16
bootstrap determination of, 149-153
consulting example, 152-153
historical notes, 170
Passive Plus DX example, 150-152
time series analysis, prediction intervals,
101-103
Westfall-Young approach, 150

Quadratic decision boundary, error rate
estimation, two-class discrimination
problem, 29-39

Quality control and assurance, process
capability indices and, 156-164

Quantile estimation, bootstrapping, 17

Quartiles, location and dispersion
estimation and, 48-50

Quasi-optical experiments, regression
analysis, nonlinear models, 89-93

Randomized bootstrap, error rate
estimation, two-class discrimination
problem, 35-39

Random probability distribution:

bootstrap failure, 175-177
extreme value estimation, 177-179

Ratio estimation, error rate estimation,
Efron’s patch data problem, 44—
46

Real valued parameters, confidence
intervals, bias correction and
acceleration constant, 59—-61

Redistribution truth table, bootstrap
samples, error rate estimation,
41-44
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Regression analysis, bootstrap methods, 7
basic principles, 78—82
historical notes, 94-96
linear models, 82—-86
covariance matrices, 84—86
Gauss-Markov theory, 83
least squares methods, 83—84
nonlinear models, 86-93
examples, 87-89
quasi-optical experiments, 89-93
nonparametric models, 93-94
Relative permittivity, regression analysis,
quasi-optical nonlinear models,
89-93
Reliability analysis, historical notes, 171
Repeated medians, regression analysis,
linear models, 83-86
Replications, Monte Carlo approximation,
128-129
Resampling procedures. See also
Importance sampling
applications of, 114115
balanced resampling, 131-132
Bayesian bootstrap, 121-123
bootstrap techniques, 4-5, 7, 9-10
bootstrap variants, 120-126
cross-validation, 119
delta method, 116-119
double bootstrap, 125
historical evolution of, 17, 113
infinitesimal jackknife, 116-119
influence functions, 116—119
jackknife bootstrapping, 115-116
model-based vs. block resampling,
103-107
m-out-of-n bootstrap, 125-126
parametric bootstrap, 124-125
smoothed bootstrap, 123-124
subsampling, 119-120
Research overview, bootstrap research:
bibliographic survey of, 1624
history of, 3—4
Residuals:
regression analysis:
bootstrap methods for, 79-82
quasi-optical nonlinear models, 91—
93
time series analysis, historical notes,
112-113
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Resubstitution estimators, error rate
estimation, two-class discrimination
problem, 31-39

Retransformation bias, regression analysis,
linear models, 84

Richardson extrapolation, variance
reduction, 137-138

Robust location estimation, jackknife
bootstrap methods, 116

Root mean square error (RMSE), error rate
estimation, two-class discrimination
problem, 37-39

Rubin’s Bayesian bootstrap, resampling
process and, 121-123

Sample size, bootstrap failure and, 173-174
Sampling procedures, bootstrap
applications, 9-10
Second-order stationarity, autoregressive
integrated moving average
modeling, 98-99
Semiparametric bootstrap, percentile
methods, 7
Shapiro-Wilk tests, process capability
indices and, 160-164
Sieve bootstrap:
evolution of, 7
forecasting and time series analysis,
110-111
historical notes, 113
time series analysis, 110-111
Simulation methods, bootstrap techniques,
7,19
.632 estimator, error rate estimation:
optimal error rate, 43—44
two-class discrimination problem, 32—
39
Skewed distribution, process capability
indices and, 158-164
Smoothed bootstrap:
defined, 6
resampling and, 123-124
Smooth estimators:
error rate estimation, two-class
discrimination problem, 32-39
resampling process and, 120—121
Smoothing, missing data, 166
Smoothness conditions, bootstrap sampling,
11-12
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Spatial data:
block bootstrap:
irregular grids, 143
regular grids, 142—143
censored data, 148-149
kriging, 139-142
Spectral density function, frequency-based
approaches, 108—110
SPLUS functions library, bootstrap
methods and, 24
Standard approximation, confidence
intervals, bias correction and, 59—
61
Standard error estimation:
bootstrap applications in, 8-9
literature sources on, 20-24
location and dispersion estimation
applications, 48—50
resampling procedures:
influence functions, 117-119
jackknife bootstrap methods, 116
Standard ¢ test, Tendril DX Lead clinical
trial case study, confidence intervals
and hypothesis testing, 68—71
Stationary block bootstrap (SBB):
frequency-based approaches, 109-110
resampling process and, 120
time series analysis, 104107
Stationary bootstrap (SB), resampling
process and, 120
Stationary processes theory, frequency-
based approaches, 108-110
Stationary stochastic process:
autoregressive integrated moving average
modeling, 98-99
historical notes, 112-113
sieve bootstrap, 110-111
Strong law of large numbers, bootstrap
sampling, 11
Student’s ¢ distribution, confidence intervals
and hypothesis testing, 65
Subsampling:
bootstrapping and, 17
resampling process and, 119-120
Subset selection:
criteria for, 143-145
historical notes, 169
Superpopulation model, bootstrap failure
and, 186
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Survey sampling, bootstrap failure and,
179-180, 186187
Survival distribution analysis:
bootstrap applications, 22
censored data, 149
Symmetric density function, M-estimates,
typical value theorems, 56-57
Symmetric error distribution, time series
analysis, prediction intervals,
101-103

Targets, error rate estimation, two-class
discrimination problem, 28-39
Taylor series expansion:
linear approximation, 129-131
resampling procedures, delta method,
117-119
time series analysis, prediction intervals,
101-103
Tendril DX Lead clinical trial case study,
confidence intervals and hypothesis
testing, 67-71
Tendril DX pacemaker lead clinical trial,
bootstrap methods in, 15-16
Test statistics, hypothesis testing, 66—
67
Time series models:
bootstrap methods, 7
basic principles, 98-99
explosive autoregressive processes,
107-108
historical notes, 111-113
prediction intervals, 99-103
Total quality management (TQM), process
capability indices and, 156-164
Toxicity testing, regression analysis and, 96
Transformation-based bootstrap, frequency-
based approaches, 110
Transmission coefficient, regression
analysis, quasi-optical nonlinear
models, 89-93
Trend tests, time series analysis, block
bootstrapping and, 105-107
True conditional error rate, error rate
estimation, bootstrap methods,
43-44
“True” error rate, error rate estimation,
two-class discrimination problem,
34-39
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True parameter value, bootstrap sampling,
11
Truth tables, bootstrap samples, error rate
estimation, 40—44
Two-class discrimination problem, error
rate estimation, 28-39
Typical value theorem (Hartigan):
confidence sets, 55
M-estimates, 55-57

Uniform distribution:
bootstrap failure and, 185
error rate estimation, two-class
discrimination problem, 36—
39
process capability indices and, 158—
164
Univariate procedure, process capability
indices and, 160-164
Unstable autogressive processes, bootstrap
failure and, 182-183, 187

Variability determination, bootstrap
estimates, 12—13
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Variance reduction:
antithetic variates, 132—-133
balanced resampling, 131-132
centering, 134-135
historical notes, 137-138
importance sampling, 133-134
linear approximation, 129-131
Vectors, bootstrapping of, regression
analysis, 79-82, 85-86

Weighted least-squares estimation,
regression analysis, indications for,
78

Westfall-Young approach, p-value
adjustment, 150

Wilcoxon rank sum test, confidence
intervals and hypothesis testing,
Tendril DX Lead clinical trial case
study, 68-71

Winsorized means process, jackknife
bootstrap methods, 116

X-fixed prediction, regression analysis,
historical notes, 95-96
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