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Abstract

This paper briefly describes the content of my presentation what in gen-
eral will be about my bachelor work ’Bootstrap method and its application
for finite population models’. It will cover the main facts included in my
bachelor work. My presentation will be about an introduction to the boot-
strap resampling method and its application for estimate of ratio in finite
population models. Theory and applications how to construct statistical
distribution, estimate variance and bias and determine bootstrap percentile
confidence intervals will be covered. Short theory of Edgeworth series will
be outlined. In simulations estimation of variance for estimate of ratio un-
der simple random sampling without replacement will be considered and
bootstrap percentile intervals will be compared with Normal intervals.

1 Introduction

This will be an introductory part of my presentation where I will tell about
basic principles of the bootstrap method and its main applications. I will tell
about parametric and ordinary (Efron’s) bootstrap and how these methods can
be applied for variance estimation, estimation for bias and constructing bootstrap
percentile confidence intervals.

Efron (1979) proposed his bootstrap method to study properties of various nonlin-
ear smooth and nonsmooth statistics. The method involves generation of a large
number of independent resamples or bootstrap samples, each drawn from the
original sample with replacement. For each such resample, the nonlinear statistic
of interest is calculated and the values of the statistic for these resamples form
the basis of inference. The properties of the bootstrap method for both smooth
and nonsmooth statistics have been extensively studied for the i.i.d. case. The
bootstrap is a computer intensive method. With the advent of modern computer
technology, however, the method offers a convenient framework for analyzing data
effectively, especially for complex problems where an analytical solution is either



nonexistent or cumbersome to apply. This paper provides a gentle introduction
to Efron’s bootstrap methods, Edgeworth expansion and three modifications of
Efron’s original bootstrap to handle complex issues in survey sampling.

2 Bootstrap method and Edgeworth expansion

Writing my bachleor work one philosophical question about the use of the boot-
strap was whether the bootstrap has any advantages at all when a CLT is already
available. It turns out that, for certain types of statistics, the bootstrap approx-
imation is (theoretically) more accurate than the approximation provided by the
CLT. Because any normal distribution is symmetric, the CLT cannot capture
information about the skewness in the finite sample cases. The bootstrap ap-
proximation does so. So the bootstrap succeeds in correcting for skewness, just
as an Edgeworth expansion would do. This is called Edgeworth correction by the
bootstrap, and the property is called second-order accuracy of the bootstrap.

In this section I will define and discuss Edgeworth expansion. As the theory of
Edgeworth series is too broad to be covered in details in so short time limit, I will
particularly touch on the main points that the Edgeworth expansion can shed on
the theory for bootstrap method. Thus I will show how the Edgeworth expansion
is derived and explain its connection to the bootstrap method.

3 Bootstrap method in finite population sam-

pling

In this section I will consider bootstrap method in the context of sampling from
finite population sampling trying to verify that the bootstrap method is appli-
cable not only for i.i.d. data, but also for data from finite population sampling
where sampling design usually induces non-i.i.d. structure and compare empiri-
cal bootstrap method and modified bootstrap methods with Taylor linearization
method for variance estimate of estimate of ratio. I will consider three modified
bootstrap variants:

1. BWR Variant. The with replacement bootstrap method (or BWR), due to
Mc-Carthy and Snowden (1985).

2. BVR Varinat. Rao and Wu (1988) defined the bootstrap estimator of vari-
ance in terms of the rescaled observations.

3. BWO Variant. Gross (1980) introduced a without replacement bootstrap
(or BWO) in which the bootstrap sample is obtained by simple random
sample without replacement.



4 Results

In this section I will present some results. Using simulations based on three arti-
ficial populations, four variations (Efron’s, BWR, BWO and BRV) of bootstrap
methods and Taylor series variance estimator for a ratio estimator are compared.
Coverage of the bootstrap percentile confidence intervals is compared with normal
intervals. In general, there appear to be small differences among the variance esti-
mators, except the bootstrap estimators are somewhat less stable than the Taylor
series estimators. This part of my presentation will include three tables and 1
picture.
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