
Ann Inst Stat Math (2011) 63:157–179
DOI 10.1007/s10463-008-0210-4

Asymptotic properties of sample quantiles from a finite
population

Arindam Chatterjee

Received: 23 July 2007 / Revised: 16 June 2008 / Published online: 16 October 2008
© The Institute of Statistical Mathematics, Tokyo 2008

Abstract In this paper we consider the problem of estimating quantiles of a finite
population of size N on the basis of a finite sample of size n selected without repla-
cement. We prove the asymptotic normality of the sample quantile and show that the
scaled variance of the sample quantile converges to the asymptotic variance under a
slight moment condition. We also consider the performance of the bootstrap in this
case, and find that the usual (Efron’s) bootstrap method fails to be consistent, but a sui-
tably modified version of the bootstrapped quantile converges to the same asymptotic
distribution as the sample quantile. Consistency of the modified bootstrap variance
estimate is also proved under the same moment conditions.
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1 Introduction

Estimation of quantiles of a finite population has been an important problem in survey
sampling. In this paper, we conduct a systematic and rigorous study of some important
asymptotic properties of the sample quantile when a simple random sample is selected
without replacement from a finite population. Most of the early work in finite popu-
lation quantile estimation has been related to the construction of confidence intervals
for population quantiles. For example, Woodruff (1952) considered the approach of
using confidence intervals constructed by inverting the confidence intervals for the
distribution function. Sedransk and Meyer (1978) considered exact confidence inter-
vals using sample ordered statistics in case of stratified sampling. McCarthy (1965)
and Smith and Sedransk (1983) studied lower bounds for confidence coefficients for
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