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Overview of Estimation Strategies for Sample Survey
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Sample survey, that is a tool for making inferences about the finite population, is a one of the most often used statistical

data collection methods in modern age. Although statistical models, such as for nonresponse and for small area esti-

mation, are now considered part of survey methodology, sampling design and corresponding design based-estimation

are the most important statistical issues in sample survey. Especially efficient use of auxiliary information in sam-

ple survey has been investigated more than 50 years. Detailed auxiliary information, that provides the knowledge of

characteristics for every element in the finite population, can be used to design an efficient sample selection method.

Stratification and ordering the sampling frame is a typical way of using detailed auxiliary information.

If the given information is the knowledge of population parameters such as population mean and population total,

such information can be used to define an efficient estimator. One of the most well-known procedure to use the auxil-

iary information at the estimation stage is the regression estimation. The earliest references to the use of regression in

survey sampling include Jenssen (1942) and Cochrane (1942). Various estimators have been proposed for estimating

a population mean or total under a regression superpopulation model that postulate a relationship between the study

variable and a set of auxiliary variables. Mickey (1959) used ideas of scale and location invariance to define a class

of regression estimators. Cassel, Särndal and Wretman (1976) considered the difference estimator of the population

mean for unequal probability samples and suggested the term generalized regression estimator (GREG) when coef-

ficient is estimated. Särndal, Swensson and Wretman (1989) defined, so called g-weight, as the multiplier of the

inverse of inclusion probability that gives the generalized regression estimator.

Royall (1970, 1976) adapted linear prediction theory to the finite population estimation and suggested the best lin-

ear unbiased estimator(BLUP) for a finite population total. Royall (1981) compared the several variance estimators of

the regression estimator and showed that the conventional variance estimator of the unconditional variance to be con-

ditionally biased. Isaki and Fuller (1982) suggested sampling designs and predictors in the class of design consistent

predictors that minimize the approximate anticipated variance of the predictor under the regression superpopulation

model. Wright (1983) proposed a class of predictors, called QR-predictors, that contains most regression estima-

tors and gave sufficient conditions for the QR-predictors to be asymptotically design unbiased. Montanari (1987)

reviewed the result of Isaki and Fuller (1982) and Wright (1983) and provided the coefficient for the QR-predictor that

minimizes the design variance.

Breidt and Opsomer (2000) derived the class of linear estimators based on local polynomial regression model

and showed the estimators is asymptotically design unbiased and consistent. Park and Fuller (2009) considered the

regression superpopulation model with random components and provided the conditions under which random compo-

nents regression estimator is design consistent. A through review of the regression estimator is given by Rao (1994)

and Fuller (2002)

The term calibration estimationwas first introduced by Deville and Särndal (1992) as a procedure to define a linear

estimator in which weights are obtained by minimizing a distance measure between initial weights and final weights

subject to calibration equations. Deville and Särndal (1992) considered several objective functions that can be used

to construct weights and showed that, for a number of functions, the limiting distribution of such estimators is the

same as that of a particular type of regression estimator. For the definition of the calibration estimator, Estevao and

Särndal (2002) removed the requirement in the original definition of Deville and Särndal (1992) that the calibration
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weights minimize a distance measure. Instead they defined a functional form of the calibration weights that is a mild

generalization of the regression weights. By the fact that additional variables in the sample for which population totals

or means are unknown can be used in deriving the linear type weights in Estevao and Särndal (2002), Estevao and

Särndal (2006) named such a procedure as instrument vector approach. The more general definition was introduced

by Kott (2006) in which calibration weights were defined as the ones that satisfy the calibration equation and the

resulting estimator is design consistent. Kott (2006) used such a definition to permit a nonlinear type of calibration

weights that depend on the nuisance parameters in modeling the unit nonresponse mechanism.

If the auxiliary information has the form of known marginal counts in a frequency table in two or more dimensions,

a set of weights that reproduces the known marginal counts when applied to the categorical variables that define the

frequency table is often considered. Earlier reference for such a procedure is, so called raking ratio, suggested by

Deming and Stephan (1940). Based on Deville and Särndal (1992), Deville, Särndal and Sautory (1993) defined a

class of procedures, generalized raking, that includes a conventional raking ratio as a special case. When the popula-

tion marginal distribution of a categorical variable or the population joint distribution of multiple categorical variables

is available, post-stratification is often used in practice. The earlier reference for post-stratification includes Holt

and Smith (1979). Deville, Särndal and Sautory (1993) considered post-stratified estimation as a special case of the

generalized raking by the fact that post-stratified estimator is a type of regression estimator with categorical auxil-

iary variables. Because post-stratified estimator is obtained by calibrating the known joint population distribution of

more than one categorical variables, Zhang (2000) considered the post-stratified estimator as the finest calibration and

calibration as the relaxed post-stratification.

In most studies, the calibration equation is defined such that weighted sum of the auxiliary variable over the sample

is equivalent to the known population mean or total. Thus the efficiency of the calibration estimator depends on the

strength of linear relationship between the study variables and auxiliary variables and the sufficient information to

define a calibration estimator in many cases is only population total or mean vector of auxiliary variables. If the

complete auxiliary information is available, more effective use of such a complete information is possible to have

an efficient calibration estimator. Under the simple random sampling design, Chen and Quin (1993) suggested the

calibration estimator that maximizes the empirical likelihood under the constraints and Kim (2009) extended Chen

and Qin (1993)’s result to general sampling design. Chen and Sitter (1999) developed a pseudo empirical likelihood

approach in which a design unbiased likelihood function is maximized under the restriction on the arbitrary function

of the auxiliary variables. Chen and Sitter (1999) showed the pseudo empirical likelihood estimator is asymptotically

equivalent to the generalized regression estimator of the population mean with the known population means for the

vector of auxiliary variables.

Although Chen and Qin (1993) and Chen and Sitter (1999) considered the use of complete auxiliary information

through an empirical likelihood functions, a thorough investigation of the effective use of complete auxiliary infor-

mation was done by Wu and Sitter (2001). Wu and Sitter (2001) suggested the use of model-calibration estimator

in which the most effective model in explaining the relationship between the study variable and auxiliary variables is

constructed, and calibration equation based on the predicted value is considered. In the class of the calibration esti-

mators, Wu (2003) argued the model-calibration estimator suggested by Wu and Sitter (2001) is optimal and proposed

calibration estimator of the population distribution function, population variance, quadratic finite population functions

that is optimal under the true model and design consistent.

Some nonparametric models were used to define a class of calibration estimators. Montanari (2005) used the

nonparametric neural network model and local polynomial model to define a class of calibration estimators and showed

the design consistency and asymptotic normality under the set of regularity conditions.

For the estimation of the more complex population parameters other than population mean and total, calibration es-
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timator is often used. The calibration estimator of the distribution functions were considered byWu and Sitter (2001),

Chen and Wu (2002), Chen and Sitter (1999). Chen and Wu(2002) and Harms and Duchesne (2006) considered the

calibration estimator of the population quantiles. The more broad class of the population parameters were consid-

ered by Wu (2003) and Théberge (1999). Théberge (1999) considered the calibration estimator for linear and bilinear

functions of variables of interest that includes the domain total and variance. Wu (2003) considered the estimation of

the population variance, variance of a linear estimator and other quadratic finite population functions.

Calibration weights defined by minimizing the distance measure under calibration equations can be very large or

even negative. If the weights are to be used to estimate the population total, it seems reasonable no individual weight

should be less than one. There are several ways to reduce the range of the calibration weights directly. Huang and

Fuller (1978) is early paper defining a procedure that modifies the weight so that no negative or no large weights.

Husain (1989) suggested quadratic programming as a procedure to place bounds on the weight. Deville and Särndal

(1992) suggested objective functions that can be used to produce weights which fall within a given range. Theberge

(2000) provided the sufficient and necessary conditions for the existence of a solution to the calibration equations

with weights within a given interval. Another way of obtaining nonextreme calibration weights is to relax the some

or all calibration equations. Bardsley and Chamber (1984) considered the ridge type regression estimator in which

the calibration equation is added to the objective function minimized with a certain coefficient matrix. Rao and Singh

(1992) proposed a method of ridge shrinkage which is an iterative method of adjusting weight to meet range restriction

and to satisfy the calibration equation within given tolerances. Singh and Mohl (196) compared several nonnegative

regression type estimators through numerical examples. Using conditional inclusion probabilities introduced by Tı́lle

(1998), Park and Fuller (2005) introduced a set of regression weights that are positive in most samples.

Calibration method is often used to handle the nonresponse by adjusting the weights such that adjured weights

for respondent provide the known population quantities of the auxiliary variables. To handle the unit nonresponse,

Kott(2006) considered the weight adjustment using a propensity score in which the model parameters that specify the

model to describe the nonresponse mechanism is obtained by the calibration equation. For a thorough review to the

calibration estimator, see Estevao and Särndal (2006) and Särndal (2000).

In this paper, we considered a weighted regression procedure in which the weight matrix, that is used to define a

regression coefficient estimator, is constructed based on the distance of each observation from the center. Auxiliary

variables are used to measure the distance. Using the weighted regression methods, we derive the vector of non-

extreme weights that results in an estimator which is asymptotically equivalent to the conventional regression weight.
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