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SUMMARY

In the usual procedure of double sampling for stratification, DSS, it is
generally assumed that there is total response on both the auxiliary variable
used in estimating the stratum weights Wh and on the main character of
interest. It may happen in practice that there is total response on the
auxiliary variable and incomplete response on the main character. For
examplé in household survey information on household size is readily
available; while during the actual survey some households may withhold
information on their family expenditure. Motivated by this we derive DSS
estimators in the presence of non-response based on the subsampling of
the non-respondents. The condition under which the proposed estimators
are better than the usual DSS estimators, yas, of the populatlon mean Y

is given.
Keywords : Double sampling; Non-response; Stratification; Subsampling.

Introduction

Stratification is one way of utilizing the auxiliary  information to improve
the precision of an estimate. Sometimes the information on the auxiliary
character needed for stratification of units, e.g. age, sex, household size etc.
is not available. In this situation we resort to double sampling or two phase
sampling in which the information needed for stratification is collected at the
first phase of sampling. In other words the first sample is used to distinguish
the strata and obtain estimates of the stratum weights. While a smaller second
phase sample is used to collect information on the main character of interest.
This type of sampling is called double sampling for stratification (DSS).

Rao [5] proposed a DSS strategy for the estimation of the population mean

.Y of the variate, y, using the values of the auxiliary variate collected at the

first phase for stratification only. Ige and Tripathi [3] went a step further and
used the information collected at the first phase for stratification as well as
in constructing ratio and difference estimators of the population mean Y. So
far all the authors who have dealt on DSS have assumed that all the units
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selected, responded favourably to the enquiry. This may not be true in practice
especially in mail interview and even in personal interview where some units
may fail to supply information required. Hansen and Hurwitz [2] discussed a
method of tackling total non-response in mail interview. This involves taking
a simple random subsample of the non-respondents and interviewing them
personally. It is assumed that at this second call all respond. The two estimates

of the population mean obtained from the respondents at the first mail interview

and the non-respondents at the second personal interview is suitably combined
to yield the desired estimate, the population mean. Rao [6] applied this method
of subsampling the non-respondents for the ratio estimation of the mean when
the population mean of the auxiliary character is known.

In this paper an attempt is madé to present a DSS strategy when there
is total non response on the main character and total response on the auxiliary
based on Rao [5] and Ige and Tripathi [3] DSS strategies.

2. Rao [5] DSS Strategy in the Presence of Non Response

An initial large sample of size n’ is selected from the population of N
units by simple random sampling without replacement (SRSWOR). Information
on the auxiliary variable x is collected with which an unbiased estimate
w, =10"/1’ of the true stratum weight, W, =N,/N, is calculated, n’} is the

number of units in the initial sample that falls in stratum h thh=12 ..L
L

}Eln'h =n’). In each stratum a subsample of size n=v, ', O<v,<l,v, is

: L
predetermined) is selected from n’, by SRSWOR ( Z n, =n, the second phase
h=1

sample size). It is assumed that 0" is large so that Pr (', = 0) =0 for all strata.
The main character,y, is then observed on the n, units. The DSS esnmate of
the population mean is given as

N

_ L 1 n,
Yis = 2 Wy Vi Yy = 21 Yhi 2.1)
h= h i=

The variance of y, as given by Rao [5] is

V(1 1)e 1 Ve
v (yds) - [nl NJSy o hzl Wh[vh szh (22)
| 2 1 X ‘;2 2 1 N T2
Sy “N-1 ifl (yi_Y);Sythh—l ifl(yhi—Yh)
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The result in (2.1) above assumes total response. Let n,, units respond

_ at the first call from the n, units selected in stratum h and n,, not respond.

Following Hansen and Hurwitz [2], select a subsample of
m,, =n, /k_units (k, > 1, a known constant) from the non respondents.

Interview these units with improved method. The estimator for Y becomes

L .
Vi = IW, Y, (2.3)
h=1 ]
o M Ytny Y,
h=

n,

- units.

y,;, = sample mean for the respondents based on n,,

y@; sample mean for the non respondents based on m,, units.

Clearly ?;s is an unbiased estimator of Y since
E (¥3) = EE, (g I n'y, nyy) = Y

E4 = expectation for DSS

E, =‘ expectation for subsampling the non respondents
and

V G4 = Eg V, G I 0% ) + Vg E, G, 10y, 1)
V4E, G 10, ny) = V () given in (2.2)

L k-1

_ 1 .
EdVr(ydslnh,nz},)=-n— W, — v Shh (2.4)

Combining (2.2) and (2.4)
k,-1 ,

L
VG =V G, + ;T Wy, S @.5)

N , :
Wy, = —N?Jl » population proportion of the non-respondents in stratum h.

Siyh is the population variance of the non respondent group in stratum h,
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3. Ige and Tripathi [3] DSS Sirategies in the Presence of Non-response

Ige and Tnpathn [3] gave the following ratio and difference estimators
of the mean when there is total response as

L .

epc = Yo~ A (Xgg—X) . 3.2
. :

€ps =hzlwh (VoA (=X} N )

with variances
V (ero) = [l,—le%l, 5 wh[i—l](szh+st§h—2Rs,h)(3.4)
n N7V n,, Vi y o
1 - _
R = Y/X;S= N7, F, O %) 0= )

V (epc) = V(ege) withR=2

V (eps) = (—_N]S§+ﬁl7 ) Wh(vih—lJ(Siﬁlﬁsih.‘”‘hsxyh)

h=1

(3.5)

Again the above estimators assume total response. In the case of some ‘

refusals, the subsampling procedure used in section 2 will be used and the
estimators become

v Vi, :
= ——X - v -(3.6
€pc = T p ( .)
epc = Yas = A (g —X) G
- L
Ehs ='h§1 Wy, G = Ay &y —X) : (3.8)

Their variances are given using the same procedure above as

’ Kk, -
V(ege) = V (eRC)+ z w2h

2h 69
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. N 1 kh_l 2 .
D ha Vb

The optimum value of A used in (3'.7) is given by

zwh(vi—l]s
h

A1) Bds
):w,,[——l]s2 -

Vh

Substituting A, in (3.10) the optimum variance of el')c becomes
V, (epo) = [?-ﬁjsg zwh( m 1]53h

1 k-1 ,
+-—ZW v, Sosh 3.11n

‘where
) 1
1 2 1 2 |.2
Pas lizwh[-v:—l]s iH:th(vh l]th-EWh[V;—l]Sth

While the variance of e[ is
VD) = Ve + LI W. hole (.12)
eps) = eDS+n’h %™y S .
Optimum A, used in (3.8) is

Y 2
A'Oh = Bh=sxyh/sxh
Hence, the optimum variance of ep is

- 1 1 1 ., 1 k,—1
Vo‘%s>=[§—§]33+ﬁ [7—1]“ PR Siut 3 = W =5 Sayp

h h
(3.13)

Remark: 1t may happen that not all strata experience non response. In
other words in some strata all the units may respond while in others some
units may fail to respond.

In this case we set in (2.3), (3.6), (3.7) and (3.8)
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i=Y if complete response occurs in stratum h

= ?; if there is subsamplling of non-respondents in stratum h
For the variance set in (2.5), (3.9), (3.10) and (3.12)
Sgyh = 0 if complete response in stratum h

= sgy,, if there is subsampling of non respondents in stratum h

\
4.  Comparison of the Proposed Estimators

41  Theoretical Comparison - .
We shall now compare the proposed estimators with the DSS estimator,

From (2.2) and (2.5) we find that ¥ has a higher variance than ¥,  due
to the subsampling of the non-respondents.

Comparing y,, and ey, we deduce that ey, will be better than y,_ in spite
of subsampling the non-respondents if

e

2yh

y 1 202 k;, -
W, | o =1 | QRS ~R'SH)>Z Wy,
h h

While the condition_ under which el')c is id have a smaller variance than
y,, is obtained from (2.2) and (3.10) as

2 1 2 k-1,
Pas fWh(V—h-IJSyh > fwﬂ,v—hszyh

Finally e[ has a smaller variance than y,_ if

1 k,—1
Ew,?(vh ]phsyh»:w,h v Shh

42 Empiriéal Comparison -
"To investigate the relative efficiency of the proposed estimators with
respect to y,, we make use of census data in Murthy [4] [p.127, Table 4.12].

For the purpose of the analysis both the area of each village and the area
cultivated in the village are convertéd to hectares -and grouped into three strata
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with area of the village as the stratifying variable, x. The idea is to use DSS
to estimate the mean area under cultivation. Within each strata, the population
was subdivided into respondent and non-respondent groups. Villages with larger
area are considered to belong to the non respondent group.

Table 4.1 shows the parameters obtained from the census data after
 stratification, and used for the calculation of the relative efficiency for sample
* sizes (n, n').

Table 4.1. Population Parameter

Stratum W Wan sgzrh Sih S’th Sxyh
}jpégso 0336  0.148 3997481 5462449 1454999 35507.36
931-1700 0325 0133 6145548 5486244 1738654  17473.07

1701-4300 6‘-3313 0.125  172425.05 42816423 71175.11 137254.78
¢ R=0.54299 ‘

For the calculatwn of the efﬁcxenmes shown in Tables 4.2 and 4.3 we
assgmed that N = 10,000 and that k, = k = 2 in all strata.

' - Table 4.2. Relative Efficiency of the Proposed Estimators over y4,

SO

s"-?;g}?lg'zes (5000, (5000, (5000, (2000, (2000, (2000, (1000, (1000, (1000,
oo 2500) 1000 SO0 1000) 400) 200) 500)  200)  100)
. V& 08767 08724 08709 09037 0.8856 08780 09102 0.8895 0.8802

eke 09449 09909 1.0081 09577 09920 1.0076 0.9607 09923 1.0075

ebc(l=%¢) 09741 1.0455 1.0732 0.9802 1.0400 1.0882 0.9817 1.0384 1.0667

obs An=Ron) 09831 1.0628 1.0940 09871 1.0551 10876 09881 1.0529 1.0856

From Table 4.2 we notice that the combined ratio estimator e;C when
there is non response has no much improvement over y s 10 the estimation
of the populatxon mean, Y.

\

While the combined difference, eDc and separate difference estimator, eDS
has a slight improvement over y, , the gain in efficiency range between 4%
and 9%. We also observe from the same table that when the second phase
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sampling fraction is %, all the estimators showed a loss in efficiency. But when

it is less than %, ene and epg exhibit a gain in efficiency.

Table 4.3. Relative Efficiency of epyc and epg over g, for n’ = 5000

Sample Sizes 1
n 2500 1250 1000 625 500 250 200 100 4
Estimators k

ebc (b= Ao) 0.9741 10325 1.0455 1.0660 1.0732 1.0878 1.0908 1.0969

el‘)s(lh=i(]h) 09831 1.0482 10628 1.0860 1.0940 1.1107 1.1141 1.1210

_Table 4.3 shows us the relative efficiency of e}, and e} for varying
second phase sampling fraction. We note that as the second phase sampling
fraction decreases the efficiency of el')c and el')S increases, from a loss of 4%

when the sampling fraction is % to a gzin of 12% when the sampling fraction
falls to 1/50.

5.  Optimum Allocation

Consider the cost function
C = C\ W +ZCyn, + X Cypp myy +E Cypy 0y, 7k (5.1)
h h h
C’s are the cost per unit.
C, is cost of getting information on the first phase sample.
C,, is cost of first attempt on the main character in stratum h.

C,,, is cost of processing the results on the main character from the
respondents at the first attempt at the second phase sample in stratum h.

C,,p, 18 cost of getting and processing results on the main character from

oo o e

the subsample of the non respondents at the second phase sample in stratum
h.

~ Since the value of n,, is not known until the first attempt is made, the
expected cost will be used. Using double expectation the expected cost is

E(©=C*=C 0" +1'ECy, ,W, + 10’ ECpyp vy Wy, + 1’ £ Cypy v, Wy /K, i
/ .
(5.2)
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W, =1-W,

To obtain the optimum values of n’, v, and k, we adopt a stepwise
minimization tcchniqhe. First using Lagrange’s multiplier we minimize the
variance of i;s (see (2.5j) subject to the fixed expected cost C* given in (5.2).
This results in the optimuni value of k, given by

1
1{(Cp 1= So)) + 4Co S35 CL AL ) 2/S55 Ch (5.3)

kon
where  C, = Cu W, +C,, W}y,
A, = thih - w2hS§yh

By plugging k,, in (5.2) and (2.5) and following Cochran [1] the optimum

|
|
value of v, is
L : 1
Vor = { C; (A + thk()hsgyh) P+ {(S;-2 thih) (Cp+ Copp WanKen) ¥

. 5.9

The optimum n’ is hence obtained for either fixed cost or fixed variance
.' using (5.2) or (2.5). For e,';c, the optimum values of k, and v, are obtained

'P _ by replacing Sih in (5.3) and (5.4) with S:h +.)3s§h_—2)\sxyh. While for
| e;zc and e'Ds ,Sih is replaced with Sithzsih_stxyh “and
i ] Sin+ Ay — 24, S, Tespectively. ’ .
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