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1. Introduction

Now a days, survey data are complex and multivariate in nature which involves clustering,
stratification, unequal probability of selection, multi-stages and multi-phases. The traditional
method of estimation of regression coefficient is ordinary lest squares (OLS) estimation which is
based on the assumption that sample observations are drawn independently. This assumption
of independence holds only if the sample observations are drawn using simple random
sampling with replacement (SRSWR) but for other sampling designs it does not hold. One such
complex design is two-stage sampling design which is widely used in large scale surveys. In two-
stage sampling, sample is selected in two stages. In the first stage, clusters are selected and in
the second stage, a specified number of elements are investigated from the selected clusters.
The clusters which form the units of sampling at the first stage are known as primary stage units
(PSU) and the elements within the clusters are known as second stage units (SSU). As for
example, in case of crop, surveying fields can be taken as first stage units and plots within the
fields can be taken as second stage units.

Kish and Frankel (1974) suggested use of sampling design weights in the estimation procedure
as an alternative to the OLS. Estimation of regression coefficient based on maximum likelihood
estimation was suggested by Holt, Smith and Winter (1980).In the presence of auxiliary
information, calibration approach was suggested by Deville and Sarndal, 1992for the
improvement of the estimator of population parameters. Work on calibration approach based
estimation of population parameters like mean, total, proportion, covariance has already been
done under uni-stage or multi-stage designs, see for example Aditya et al. (2016), Plikusas and
Pumputis (2007, 2010).Thus, under the availability of auxiliary information in the two-stage
design, the theory of calibration approach is used here for the improvement of the estimator of
population regression coefficient.

2. Methodology
Let U=(1,2,..,k..N) be a finite population of size N comprising of N, clusters as

u,u, .., U, ...,UNI with size of the clusters N;,N,,...,N,...,N, respectively. These

clusters are nothing but primary stage units (psus) and units within the clusters are second

Page 1 of 5

Version 1.0 | Since we update this document frequently, we request you to download a fresh copy each time



mailto:pradipbasak99@gmail.com
mailto:ucsud@iasri.res.in
mailto:hchandra@iasri.res.in
mailto:kaustav@iasri.res.in

Authors: Pradip Basak, Kaustav Aditya, Hukum Chandra and U.C. Sud

stage units (ssus). At the first stage, a sample of clusterss, of size n,is drawn from the
population of clustersU, and at the second stage, a sample of units S, of size N, is drawn from
the i selected cluster, U, of size N, by using any probability sampling scheme. Let, 7, and
70y be the first and second order inclusion probability at the first stage and at the second stage

itis z,,; and m,,; respectively. Let, a, =1/r;, a, =1/7,,,and a, =a,a,,.

Let, y and x be the variables under study. Here, y is dependent variable and x is explanatory
variable. Let us assume, auxiliary variable z is associated with dependent variable y and
information on auxiliary variable z is available at psu level. Let, the sample observations
corresponding to the jth unit of ith cluster are denoted by Yics Xik and z, . Now, the population

total of variables y, x and z are given by ty—ZZy,k Ztly, t, _szlk Zt,xand

i=1 k=1 i=1 k=1
N, N,
t, —ZZz,k ZZ respectively, where t , t, andZ, is the i"cluster total of y, x and z
i=1 k=1 i=1

respectively. We have assumed that Z;is known for all psu’s.

Population regression coefficient B under two-stage sampling design is given by

N, N
ZZ(Xlk )(ylk )
B = i=1 k:l\}I N
(%~ X)z
i=1 k=1
ol IR TR
where X ==>" > x, andY =— Yic -
N i=1 k=1 N i=1 k=1

The usual rr-estimator of this population regression coefficient, B is given by

leiaik (Xik _fx;r / N)(Y.k _fy” / N)

B — =1 k=1 (1)

’ > > a (% L, INY

i=1 k=1

n

n,
Where"tx;r Zall ix 7 |x Zak/l ik ? y;z Z litiy 2 |y Zak/i yik'
k=1

Thus, using calibration approach the estimator of population total of variable y is obtained as

ty, ZW" iy -Finally, the estimator of population regression coefficient under two-stage design
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is obtained as

— =l k=1 (2)

3. Empirical Evaluation

A population of 284 municipalities of Sweden containing information on several variables wa
used for empirical evaluation. The population was grouped into 50 clusters each containing 5 to §
municipalities. At the first stage, some clusters were selected from the 50 clusters using simpl¢
random sampling without replacement and at the second stage some municipalities werg
selected from each selected clusters using same sample design. From the selected municipalities
observations were recorded on the variables 1985 Municipal taxation (RMT85, measured i
millions of kronor), total number of seats in the municipal council (S82) and number of municipa
employees in 1984 (ME84). The objective was to study the pattern of relationship betweer
variables RMT85 and S82 using ME84 as the auxiliary variable. From this population, threg
different combinations of sample:i)n, =20, n, =4, n, =80, ii)n, =20, n, =2, n, =40, ang
iii) n, =10, n, =2, n, =20, were drawn. In the empirical evaluation, two estimators of finit
population regression coefficient were considered for comparison purpose:

i) m-estimator, éﬂ given by (1) (denoted as Est-),

ii) Calibrated estimator, Lsam given by (2) (denoted as Est-CAL).

The performance of the estimators were evaluated by the criteria of percentage absolute
relative bias (ARB) and percentage relative root mean square error (RRMSE)

B:-B

M

ARB(B) =$Zi=l

i=1

2
x100and RRMSE(B) =, [M > (%} %100

where I.S';i denotes the estimated value of population regression coefficient at simulation run J,
with true value B.

The result of the empirical study indicates that the calibrated estimator (EST-CAL1) has an lower
ARB as compared to the m-estimator (EST-r). Similarly, in terms of RRMSE the estimator EST-
CAL1 has an advantage as compared to the existing m-estimator. The results are displayed
through a graphical representation in Figure 1 and Figure?2.
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4. Concluding Remarks

This study discusses about the calibrated estimator of population regression coefficient in the
presence of psu level auxiliary information. The calibrated estimator found to be satisfactory as
compared to the existing OLS estimator which violates the independence of observations
assumption under two-stage sampling design.
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