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ESTIMATION OF POPULATION VARIANCE IN THE
PRESENCE OF NON-RESPONSE BY IMPUTING REGRESSION
-TYPE ESTIMATORS FOR THE VARIANCE IN THE NON-
RESPONSE STRATUM

RAJ KUMARI BAHL AND M.C. AGRAWAL

ABSTRACT: Non-response to surveys is emerging as a very mammoth problem.
We are in an era where extracting information from respondents requires a
lot of effort. We, in this paper, propose two estimators of the population
variance in the presence of non-response by imputing regression-type
estimators for the variance in the non-response stratum. We also compare the
twin estimators with an existing unbiased estimator of the population
variance as well as two estimators of population variance that make use of
ratio-type estimators for the population variance in the non-response stratum
proposed by Bahl and Agrawal (2021). For this purpose, we derive the
variance of each of the three estimators. We also obtain the conditions under
which the proposed estimators perform better than the existing estimators.
[lustrative examples have been furnished to probe and assess the
performance of the proposed estimators.

Keywords: Non-response, Response and non-response strata, Estimators of
population variance in presence of non-response, Regression-type estimators,
Variance of estimators of population variance in the presence of non-
response.

1. Introduction

Suppose that we have a finite population of size N from which a random
sample s of size n is drawn without replacement. Let y; (i = 1, 2, ..., N) denote
the value of the characteristic of interest y on the unit i. Drawing the sample
dichotomizes the population into sampled and non-sampled parts to be
denoted by s and S respectively with respective sizes n and N—n.

Non-response has long been identified to be a major problem in survey
sampling and when the sample is drawn, n; units respond while remaining n;
(= n —ny) units do not furnish any response. When non-response is present in
the initial attempt, Hansen and Hurwitz (1946) propose the following double
sampling scheme for estimating the population mean:

(a) select a simple random sample of size n and then mail the questionnaire
to these sample units.

n
(b) out of the n, non-responding units, select a subsample of size m = —=

(k>1) using simple random sampling and contact them through
personal interviews.
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Hansen and Hurwitz (1946) build their theory based on the assumption that
the population of size N consists of two strata of ‘respondents’ and ‘non-
respondents’ having respective sizes Ny and Nz (= N — Ny).

Let

_ 1y
Y = Z Yi
i1

Z|

and
N

1 _

2 2

S=N _1212 v -Y)

be the population mean and the population variance of the survey variable y.

Further, let
1 N
Mo =D (vi-Y), r=123..

denote the rth order population moment of the survey variable y.
Next, let (Yl,$1) and (Y2,$Z) denote the coupling of the respective
population means and variances with regard to the strata of respondents and
non-respondents. The population mean Y may be written as

Y =WY, +W,Y,
where W, and W, are the population proportions of the response and non-
response strata respectively, i.e.

W, :ﬁ and W. =&~
N N
Further, let
® 13 Y.)
- =Y. ), r=123,..
l"tor Nl_li:l (y' 1) :L
and
1 7\
ugzr)ziz (yi_YZ), r=123...
N, -1

be the ™ order population moments in respect of the strata of respondents
and non-respondents.

Besides, let (7,55),(71,551),()72,852) and (ymz,sf,m) denote the means

coupled with variances based on n, ni, n; and m units respectively, where

S =m0y

1 &l —\2
_1§ (v =)

S

1 & _
352 :72 (yi _y2)2
nz_ i=1
and

S il 0T

Next, we define
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B(y)=E%, j=12

)

as the population coefficient of kurtosis of the characteristic of interest, i.e.,
y.
Finally, let

(1)

Bo(y,) =2, j=12
Moo

where j = 1 and 2 stand respectively for the response and non-response strata.

Hansen and Hurwitz (1946) proposed the following unbiased estimator of the
population mean Y

)_/* =Wy, + Wz)_/m2
(L.D

where wi and w; are the sample proportions of the responding and non-
responding units and are given by

n n
W, = 1 and WZ:FZ'

n
In the presence of non-esponse, Cochran (1977, p.374), Rao (1986), and
Sirndal et al. (1992, p.583) suggest the use of auxiliary variable x with a view
to enhance the possibilities of achieving improved results. Let x; (i = 1, 2, ...,

:th

N) be the measurement of the i unit on x. Corresponding to the above
population-based quantities

Y1Y11Y2’S§’S§11S§2’ “o”“élr)aHézr)aﬁz(Y)aﬁz(yl) and Bz(Y2)f0r the
characteristic of interest, let i1i1’§218>2<18>2<118>2<2' uro,u%),u%),

B,(x,) and B,(X,) be their counterparts in respect of the xvariable and,

similarly, corresponding to the sample-based quantities
Y.Y1Y2S.S .S, and simz . ler XXuX2,S,S, S, and §m2
represent their counterparts with respect to the xvariable.
Apart from this, let
1 N \' =\S
Me=——> (%-X) (v,-Y) rs=123..
N-173
denote the joint (r,s)" order population moments for the characteristic of
interest and auxiliary characteristic.
Further, let

N; _ _
D=3 (X)) (=12 1,s=123..
Nj -1

denote the joint (r,s)" order population moments for the characteristic of
interest and auxiliary characteristic with regards to the strata of respondents
and non-respondents.

Finally, let
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Although the problem of estimation of population mean in the presence of
non response has engaged considerable attention, the estimation of
population variance in the presence of non-response remains little explored
and, hence, we take up the same to focus on finding suitable estimator of
population variance in the presence of non-response in the ensuing sections.

2. Existing Estimators of Population Variance in the Presence of Non-
Response

2.1 An unbiased estimator

Rao (1990) and Agrawal and Sthapit (2002) have made use of an unbiased
estimator of population variance in regards to the estimation of variance of
estimator of population mean in the presence of non-response. Bahl and
Agrawal (2021) have derived the same estimator by an alternative approach
consisting of the dichotomy of the population into response and non-

. . 2
response stratum. The said authors address the estimator by% and present

it as

2 N 11 (N-n) N-1  k(N-1) n(N-1) S
s _N—1HW1 N N(n_l)wz}iﬁ{ W N(n—1)W2}s§mz+N(n_1)W1W2(y1 ymz)]

(2.1.1)

with an alternative form given as

S</2 = plsi1 + pzi2 +P;(Y, _)_/mz)2

(2.1.2)
where
nw, -1 kw, n
P.= n—1 ’ pzzwz_n_l’ pazﬁwlwz
(2.1.3)

The same authors have also obtained the variance of this estimator to terms

of O(]Jn), given as

2

V(S;Z) = %W:LWZ {(S; _Siz)_(wl _Wz)(vl _Vz)z} +%W1831 {Bz(Y1) _1}

*(k‘ﬂjwz S, {Bz(yz)—1}+%(\71—\_(2)2W1W2 {xwzs; +(k—%jwls§2}

N) 2n
AWW, — - n
el 2<v1—v2>[xu32—(k—ﬁjug?} @14
where
7L:N—n
N-1
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2.2. Two estimators of population variance imputing ratio estimators in
non-response stratum

. 2 4. . .-
The estlmator% discussed above does not make use of the available auxiliary

information. An efficient use of auxiliary information appears in Bahl and
Agrawal (2021) who have propounded the following two estimators of
population variance in presence of non-response by employing ratio-type
estimators for the variance in the non-response stratum.

_ N[, 1 _(N-n N-1  k(N=D ]S, . nN-D
%l_N_l[{Wl N N(n—l)WZ}S§1+{ N w, N(n_l)Wz}Simz S§2+N(n—1)W1W2(yl ymz):|

(2.2.1)
and

_ Ny oL (N-n) N-1  K(N-D) |Snc . NN-D
%2_N_1[{W1 N N(n—l)Wz}%Jr{ N W, N(n—l)WZ}Simz S§2+N(n—l)W1W2(y1 ymz):|
(2.2.2)

which have been alternatively expressed as

2

S - o
S)z/rl = plsi1 + p2 Si_s)z(2 + p3(yl - ymz)2

(2.2.3)

and

%rz = pl%1 +P, %Szxz + pS(yl_ymz)z

(2.3.4)
where p;(i= 1,2,3) are defined in (2.1.3).
The authors have also worked out the variances of the above estimators to

terms of O(JJI’]) and these are

2

— — \2 S4
VIS =W (8] S )- - W) (Y %, | E i B2+ (k- Jw, 2 03

4 _  _ n AWW, - - n
+H(Y1_Y2)2W1W2 |:7»W292:y1 +(k_NJ Wls§2:|+ Iil 2(Y, _Yz)[kl/t(()ls’) _[k_NJ“E’?}
k-1 7 v (k15 o
+WZS4;/2 n (Bz(xz)_zez+1)+4W1W2(Y1_Y2) n Szz M2y (23.9)

X2

and
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V(Sirz) = %W1W2 {(%1 _852 )_ (W1 _Wz) (Vl - V2 )2}2 + %Wls';l {ﬁ2(y1) _l}

4 _  _
+(k_mw2 ?{ﬁz(yz) #B,06,) =20, - (¥, =, W, [kWZSi +(k —E,jwlsi}
AWW, o o o n) o S, o
+T(Y1_Y2) Mg — k_N Moz + k_ﬁ Sz Hay (2:36)

We now propose two estimators similar to Sirl and Sirz considered above by

imputing regression-type estimators in the non-response stratum.

3. Two estimators of population variance imputing regression estimators in
non-response stratum

Continuing with the framework of dichotomization of the population into
response and non-response strata attributed to Bahl and Agrawal (2021), we
impute two different regression estimators

s, 0 (s, <, )
(3.1)

and

L (S -5
(3.2)

where

. . . 2
for estimating the variance Sy2 in the non-response stratum. Here, for the use

of the estimator in (3.2), it has been assumed that the auxiliary information is

available on all the N, units constituting the non-response stratum.

Using (3.1) and (3.2) to replace Sf, in (2.5), we propose two new estimators
mp

of the population variance in the presence of non-response, viz.

S;l:N[{Wl_l_(N—n) Wz}i+{N—1W2_k(N—1)W2}§mz S§Z+n(N_1)W1W2(y1—ymz)2}

N-1 N N(n-1) N N(n—1) 2 ¢ N(n-1)

(3.3)

and
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S

sz

_ N[, 1 (N N-1,  k(N-D S,
Siz_N—l {Wl N N(n—1)W2}s§1+{ N N(n—l)Wz} S+

(3.4

which can be alternatively written as

S)z/rl = p15§1 +P, %Siz + p3(yl _37m2)2

m2

(3.5
and
Sy o
%rz = pl%1 + p2 si : gz + pS(yl_ym2)2
(3.6) "

where pi(i= 1,2,3) are defined in (2.7). Note that, for k=1, Sirl will reduce to 5;2 .
Now, we work out the expected value and bias of each of the above two estimators to
the first degree of approximation.

5. An Empirical Investigation

To provide numerical evidence in support of the findings of Section 4, we consider a
finite population for which we examine different combinations of proportions of

respondents and non-respondents in the population i.e., W1 and W2 in Tables 1, 2

and 3. The following data set pertaining to this population assumes that both the
proposed estimators are unbiased to the first degree of approximation. The population
quantities for the response stratum are

%1 = 144, Hgls? =200, B,(yy) -2

and the corresponding quantities for the non-response stratum are

2 2
S, - 1000, pf =250, B,(y,) =55

while BZ(XZ) (and consequently 62 under the condition (3.11)) is assumed to take
one of the three possible values, i.e., BZ (XZ) =1.50r 3 or 4.5. It is clear from (3.14)

and the above data that the maximum value that can be attained by BZ (XZ) is 5.5.
Further, since the conditions for better performance of any of the proposed estimators
depends on the difference say, D of the population means Vl and 72 , as borne out
by (4.2), we consider for each of the three tables presented below values of D
(=Y, = Y,)as-25,-50,0, 25 and 50.

The three tables have been prepared to highlight the performance of the three
estimators 5;,2, Sf/rl and Sirz discussed in Sections 2 and 3 by computing their

variances for four chosen values of f (= n/N) and k = 2, 3 and 4 corresponding to each

of the aforesaid three specified values of[32 (Xz). These tables also present the

percent gains in precision of the two competing estimators Sirl and %rz relative to
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.. . 2 . .
the existing estlmatorS’y denoted by G; and G; and the percent gain of Sirz relative

to Sf/rl being denoted by Gs. More explicitly, let

V(s)) V(S x100
V(S,)

V(s)-VESD)
V(Sirz)

G, =

G,=

and

63 _ V(%rl) _V(ng) %100
V(%rz)

Table 1: Percent gains of Sirl and %rZ relative to 5;2 and of S$r2 relative to

Ssrl for different combinations of f, BZ (XZ) and k and varying values of D when
W, =0.25 and W, = 0.75

D =-50
Per- Po(Xz)-15 Pa(Xz)-30 Po(X;)-45
f cent k k k
sun 2 3 4 2 3 4 2 3 4
G 5.6 7.1 8.7 24.8 36.1 462 52.5 85.1 1027'
G 11. 64. 204. 210. | 213.
0.05 11.6 11.7 8 63.3 64.3 9 4 6 7
G 5.1 3.8 2.8 30.9 20.7 165' 99.6 67.8 | 51.4
G 5.8 7.8 8.8 25.7 37.0 43 54.7 87.9 1120'
G 11. 64. 204. 211. | 214.
0.10 11.6 11.7 8 63.4 64.4 9 9 0 1
G 5.5 3.6 2.7 30.0 20.0 lg' 917.1 65.5 | 494
Gi 6.3 8.3 9.2 28.6 40.0 416' 62.6 91.8 110.
G 11. 65. | 206. 212. | 215.
0.25 11.7 11.8 3 63.7 64.7 1 6 5 3
Gs 5.0 3.2 2.4 273 17.6 13’ 88.5 579 | 43.1
Gi 10. 51. 120. 142.
7.5 9.2 0 353 46.1 3 82.4 4 3
0.50
G 11. 65. | 210. 215. | 217.
11.7 11.8 9 64.3 65.1 5 1 3 6
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‘ Gs ‘ 3.9 | 24 | 1.7 | 214 | 13.0 | 9.4 | 70.0 ‘ $1 ‘31.1
D=5
Gi 6.0 82 |93 | 281 | 412 | | 18| 19> | B2
7 1 6
Gy 12. 75. | 202. | 207. | 300.
0.05 s s |2 aas | oss | D)2 : )
S 40 |30 | 364 | 243 1?' 1‘;2' 959 | 723
D=5
. B,(X,)-15 B,(X,)-30 B,(X,)-45
f ceT\t k k k
gain
2 3| 4 2 3 4| 2 3 4
Gi 6.2 83 | 94 | 200 | 422 | ¥ | 645 | 106 | 136
6 8 7
Gy 1. 75. | 202. | 2908 | 301.
0.10 25 | 126 | | e | ass | LT ) 1
Gl s 30 | 29| 355 | 234 157 ' 1358' 926 | 695
Gi 6.8 88 |98 | 324 | 456 | 2% | 743 | 119 | 130
7 9 7
Gy 1. 76. | 294. | 299. | 302.
0.25 s |6 | 2| aso | s | T2 . ;
G| 54 34 | 25| 322 | 206 125' 1%6' 817 | 605
Gy 0. 58. 150. | 181.
8.0 98 | | 402 | 527 | )| 96 | :
Gy 1. 76. | 297. | 302. | 304.
0.50 s | e | 2| w4 | w0 | D5 ; y
G4 25 |18 | 251 | 152 1;)' 99.1 | 60.5 | 43.5
D=0
Gi 59 80 | 91| 288 | 423 |0 | 642 | 108 | 140
2 4 8
Gy 1. 78, | 320, | 320 | 334.
0.05 2 | s |l s | TR . ;
Sl 6o 40 | 30| 376 | 250 | 18] 156 | 106} 45
9o | 1 2
Gi 6.1 82 |92 ] 298 B4 | L] 670 | 12| 145
2 5 4
Gy 1. 78, | 321, | 330 | 335.
0.10 2 | ws |l | | TR ; )
G|l 58 38 | 29| 366 | 243 | 18| 2| 102 | 00y
Lo 6
Gl 67 87 | 97| 332 | 470 | °% | 725 | 126 | 161
5 9 1
Gy 1. 78| 323 | 332 | 337,
0.25 3 |3 | s | o | ; )
Gl 53 34 | 25| 332 | 214 185‘ 1378‘ 90.7 | 67.4
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Gi 10. 0. | 104. | 161. | 196.
79 o7 | 0] 4 | sas | Y X ’
Gy 1. 79. | 320. | 337. | 340.
0.50 123 | 124 | 2] 180 | 88 | T . ) !
G4 25 | 18| 260 | 158 131' “;9' 674 | 48.7
D =25
Gi 5.4 74 83| 273 | 308 | *1 | 606 | 190 | 128
| 5 9
Gy 1. 72. | 278. | 283. | 286.
0.05 2 |uz | s | s | Y 5 )
Gs 5.4 36 | 27| 350 | 233 157 ' ”55' 914 | 69.0
D=25
. B,(X,)-15 B,(X,)-30 B,(X,)-45
f ceT\t k k k
gain
2 3| 4 2 3 4| 2 3 4
Gi 5.6 75 |85 | 282 | 408 | ¥ | 632 | 194 | B2
0 2 8
G 1. 72. | 278. | 284. | 287.
0.10 2 |2 | Ul e | os |2 , 1
Gs 5.3 35 | 26 | 340 | 225 186' 1391' 882 | 66.3
Gi 51, 116. | 146.
6.1 79 |88 | 315 | 441 | | 721 | ¢ :
G 1. 73. | 280. | 285. | 288.
0.25 AR IV B I R T I o5 O I . )
G 48 30 | 23| 309 | 198 12' 1200. 779 | 576
G 72 88 | 95| 389 | s10 | 2% | o972 | MO | 175
8 3 9
G 1. 73. | 283. | 288. | 290.
0.50 a2 | us |G e | opo | L ) )
G 3.7 23 | 16| 241 | 146 150' 945 | 576 | 415
D =50
G 46 62 | 70| 234 | 339 399' 505 | 81.3 1%1'
G 60. | 189. | 195. | 198.
0.05 9.3 94 |95 | s87 | so1 | 0|1 ) )
G 45 30 | 23| 286 | 192 154' 923 | 629 | 477
G 4.7 63 | 7.1 | 242 34.8 4?' 526 | 83.9 1(;4'
G 60. | 189. | 195. | 198.
0.10 9.3 94 | 95| sss | sos | | 1 . .
G 44 29 | 22| 228 | 185 193 1 900 | 60.7 | 458
Gi 5.1 67 | 75| 269 | 375 413‘ 60.1 | 932 “24‘
0.25
Ga 9.4 9.5 9.5 59.1 60.0 60. | 191. 197. | 199.
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4 4 0 7
Gs 4.0 26 | 19 | 253 16.4 112‘ 82.0 | 53.7 | 39.9
G 47. 114. | 134.
6.1 75 | 81| 332 43.1 o | 187 ) 3
050 | G 60. | 194. | 199. | 201.
9.4 95 [ 96 | 596 60.4 S s ; 5
Gs 3.1 19 | 14| 199 121 | 87 | 649 | 399 | 288

2
Table 2: Percent gains of Sirl and S$r2 relative to % and of SirZ relative to Sirl for

different combinations of f, BZ(XZ) and k and varying values of D when

W, =W, =0.50

D=-50
. B,(X,)-15 B,(X,)-30 B,(X,)-45
f| cent k k K
gain
2 | 3 4 2 3 4 2 3 4
G 4.4 59 | 68| 171 244 z;z, 334 | 50.7 | 61.2
005 | G 8.9 90 | 9.1 | 398 | 407 421' 953 | 98.4 1000'
Gs 43 29 | 22| 194 131 | 99 | 464 | 317 | 241
G 45 61 | 69| 176 | 250 zg | 346 | 52.1 | 626
0.10 | G 8.9 90 | 91| 399 | 408 421' 955 | 98.6 1020'
Gs 4.2 28 | 21| 189 127 | 95 | 452 | 306 | 23.1
G 49 64 | 72| 196 | 268 32' 390 | 569 | 67.1
025 | G 8.9 9.1 | 9.1 | 40.1 410 441' 96.3 | 99.4 1%0'
Gs 38 25 | 1.8 | 172 112 | 83| 413 | 27.1 | 202
G 5.8 72 | 78| 239 | 306 383' 493 | 67.1 | 763
030 | G 9.0 00 | 92| 406 | 414 | *1 ]| 982 1?30' 1%2'
Gs 3.0 18 | 13| 135 83 | 6.0 | 327 | 202 | 146
D=5
G 5.5 76 | 8.6 | 244 | 357 422' 514 | 835 1%5'
Ga 11. 64. | 195. | 204. | 208.
0.05 11.4 16 | | 618 | 633 | . 3 o
Gs 5.6 37 | 28 | 301 204 145‘ 953 | 65.8 | 50.2
Gi 5.7 77 | 88| 252 | 365 | ¥ | 535 | ses | 198
0.10 0 6
G2 11.4 11.6 | 11. | 62.0 634 | 64. | 196. | 204. | 2009.
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7 2 3 9 4
Gs 5.4 36 | 27| 293 | 197 1; | 930 | 636 | 483
G 6.3 82 | 92| 281 39.5 475‘ 613 | 962 1?‘
G 11. 64. | 198. | 207. | 211.
0.25 115 17| ] 64 | 38 | s o )
Gs 4.9 32 | 23| 267 17.4 192' 85.1 | 56.5 | 42.2
D=5
. B,(X,)-15 B,(X,)-30 B,(X,)-45
f ceT\t k k k
gain
2 3 4 2 3 4 2 3 4
G 10. 51. 118. | 140.
7.4 02 | 5| 48 | 457 | )| 809 | g g
050 | Ga 11. 65. | 203. | 211. | 214.
11.6 17| | e 644 | o] p ) ‘
Gs 39 23 | 17| 211 129 | 93| 679 | 422 | 30.7
D=0
Gi 5.8 79 [ 9.0 | 280 #s | | 620 | 10| BT
4 4 4
Ga 12. 77. | 294. | 311. | 320.
0.05 11.9 11| 4.4 76.2 | . ) )
G 5.8 39 | 29 | 362 245 | 18] 1431100 oa
5 5 2
G 6.0 81 | 91| 290 | 426 |50 | 648 | 109 | 141
4 4 9
G 12. 77. | 295. | 312. | 321.
0.10 12.0 21| 74.5 763 | g s 3
G 5.7 38 | 28 | 353 23.7 187' 1‘10' 97.0 | 74.1
Gi 6.5 86 | 96 | 324 | 462 || 150 | 12| 1T
7 6 5
Ga 12. 77. | 300. | 316. | 324.
0.25 12.0 122 | 75.0 768 | ‘¢ ) § o
G 5.1 33 | 25 | 322 209 155' 1278' 86.3 | 65.0
Gi 10. 60. | 101. | 157. | 192.
7.8 96 | 4 | 405 NI . . 5
Ga 12. 78. | 310. | 324. | 331
0.50 12.1 123 | 5 76.1 716 | 0 s ;
G 4.0 25 | 1.8 | 254 15.5 121' 123' 65.0 | 47.4
D=25
G 4.5 6.1 | 7.0 | 230 33,5 359‘ 494 | 798 120‘
Ga 59. | 181. | 189. | 193.
0.05 9.2 93 | 94 | 574 | 587 | . A 5
G 45 30 | 23| 279 18.9 134‘ 88.5 | 61.1 | 46.6
0.0 | Gi 4.6 63 | 71| 238 343 | 40. | 515 | 825 | 10s.
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3 7
Gy 59. | 182. | 190. | 194.
9.2 93 |94 | 515 | sss || 1S ) p
G 44 29 [ 22| 272 | 183 173' 863 | 59.0 | 44.9
Gi 5.1 67 | 74 | 265 | 371 472' 589 | 917 “72'
Gy s50. | 184. | 192. | 19.
0.25 9.2 94 |95 | s1s | 2 | 0| ) )
G 40 | 26 | 19| 248 | 161 102' 790 | 524 | 392
D=15
. B,(X,)-15 B,(X,)-30 B,(X,)-45
| cent K K K
gain
) 3 | 4 2 3 4+ | 2 3 4
G 60 | 74 |80 | 327 | 427 | ¥ | 773 | M2 | B2
6 7 9
050 | G 0s os | o5 | sse | sos | 60| 189 | 196 | 199.
300 0 2
Gy 3.1 19 | 14] 195 | 120 |86 630 ] 302 | 285
D=50
G 29 | 39 | 44| 153 | 217 225' 311 | 469 | 56.4
005 | G 5.8 59 | 59 | 349 | 357 316' 86.1 | 89.0 | 90.4
Gy 28 19 [ 14] 170 | 15 |87 ] 419 | 286 | 218
G 30 | 40 | 45| 158 | 222 275' 322 | 482 | 517
0.10 | G 58 590 | 59| 349 | 358 326' 863 | 89.2 | 90,
Gy 27 18 |14 165 | 111 |83 409 | 277 | 209
Gi 32 42 | 47| 175 | 238 217' 362 | 525 | 617
025 | G 58 590 | 59| 352 | 360 336' 87.1 | 89.8 | 912
Gy 25 16 | 12| 150 | o8 |73 373 | 245 | 182
Gi 38 | 47 | 51| 212 | 271 289' 457 | 617 | 69.9
030 | G 50 | 59 | 60| 356 | 363 366' 888 | 912 | 923
Gy 20 12 loo| 119 | 73 |52 206 | 182 | 132

2
Table 3: Percent gains of Sirl and Ser relative to % and of S§r2 relative to Sf/rl for

different combinations of f, BZ(XZ) and k and varying values of D when

W, =0.75a0d W, =0.25

D =-50

Perc
ent

Bz(xz)=15

Bz(xz)=30

Bz(xz)=45
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gain k k k
2 3| 4 2 3 4 | 2 3 4
Gi 29 | 40 | 47| 102 | 148 lj' 186 | 279 | 335
005 | G 5.8 61 | 63| 220 | 234 2;‘ | 441 | 475 | 494
Gs 28 20 15| 107 | 75 |58 215|153 ] 119
D =50
. B,(X,)-15 B,(X,)-=30 B,(X,)=45
f | cent k k k
gain
) 3| 4 ) 3 4 | 2 3 4
Gi 30 | 41 | 48| 105 | 151 177 | 193 | 287 | 343
010 | G 538 61 | 63| 221 | 15 z;‘ | 443 | 478 | 497
Gy 27 19 | 14] 105 | 73 |56 210 148 | 115
Gi 33 44 | 50| 117 | 163 188' 217 | 312 | 366
025 | G 5.9 62 | 63| 225 | 239 zg. 452 | 487 | 504
Gy 25 17 |13 ] 96 65 | 49 | 194 | 133 | 101
G 40 50 | 55| 144 | 188 zg. 272 | 366 | 414
050 1 G 6.1 63 | 65| 233 | 246 225 | 473 | 504 | 519
Gy 20 13 oo | 78 49 | 36| 158 | 100 | 74
D=5
G 48 66 | 76 | 196 | 1288 3;’ | 395 | 627 | 779
Gy 0. 50 | 123 | 131 | 136,
0.05 o7 [ 1oa | Dl 4 | a0z | 0| 1 ; )
G 47 32 | 25| 229 | 158 112' 600 | 424 | 328
G 49 67 | 77| 203 | 295 3; 411 | 647 | 800
Gy 0. 50 | 123. | 132 | 136,
0.10 98 [1oa [ D] ars | aa |02 ) )
G 46 30 | 24 | 224 | 153 161' 586 | 410 | 316
Gi 54 72 | 81| 227 | 319 396' 467 | 715 | 869
Gy 0. 50 | 126, | 134. | 138.
0.25 98 102 [ 0] 4rs | a9 |11 ; )
G 42 28 | 21| 205 | 136 1;), 540 | 366 | 277
Gi 6.5 81 | 88| 281 | 369 431‘ 608 | 869 121‘
050 | G 10, 51| 131 | 138 | 142
100|103 | 5] e | so9 || ) '
Gy 33 21 [ 15| 164 | 102 |74 437 ] 217 ] 203
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D=0
G 5.6 78 | 89 | 272 | 406 | ¥ | 508 | 102 | 33
6 1 7
Gy 1. 75. | 269. | 292. | 30.
0.05 e e | s | o [P ) X
Gs 5.7 38 | 29| 348 | 239 1?' 111' 942 | 73.4
D=0
. B,(X,)-15 B,(X,)-30 B,(X,)=45
f ceT\t K K
gain
2 3 | 4 2 3 4 | 2 3 4
Gi 538 79 | 90| 282 | 417 | ¥ | 625 | 106 | 138
6 ! |
Gy 1. 75. | 271. | 294. | 306.
0.10 wr o ne |l | oraa | ]2 ) )
Gs 5.5 37 | 28| 340 | 231 157' 175'8' 913 | 708
Gi 52. 120. | 153.
6.4 85 |95 | 316 | 453 | 00| n24 | Y .
Gy 1. 76. | 277. | 300. | 311.
0.25 e o | 24 | 1so | T2 ) :
G 5.0 33 | 24| 310 | 205 135' 128' 818 | 624
Gi 10. 59. 153. | 189.
76 95 | 5| 396 | s29 | 77| esa | 1) ]
Gy 12. 77. | 290 | 311, | 321
0.50 o | o | aes | TP g ;
G 40 24 | 17| 247 | 153 101' 969 | 62.4 | 46.0
D =25
Gi 3.5 48 | 55 | 180 236' 311' 374 | 589 | 729
Gy 44 | 45| 113 | 120 | 124,
0.05 7.0 13| 4 | as | BT p :
G 3.4 23 | 18 | 207 134' 18' 550 | 389 | 300
Gi 36 49 | 56 | 187 zg. 371' 389 | 608 | 748
Gy 44. | 45. | 113 | 121. | 125,
0.10 71 13 | 14 |4 [ LR S .
G 33 23 | 17 | 202 183' 150' 538 | 376 | 289
G 4.0 52 5.9 20.8 219‘ 363‘ 442 | 67.0 | 81.0
Gy 45. | 45 | 115 | 123 | 120,
0.25 71 14 | as [ [T . :
Gs 3.1 20 | 15 | 185 132‘ 92 | 495 | 336 | 254
050 | & 47 59 | 64 | 257 363‘ 357‘ 572 | 810 | 941
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Gy 45 | 46. | 120 | 127. | 130.
73 15 | s | aan |12 . )
Gs 24 15 | 11 | 147 |92 ]67] 400 | 254 | 186
D =50
Gi 1.5 21| 25 | 87 152' 1;‘ | 169 | 252 | 302
005 | G 3.0 32 | 33 | 184 169' 230' 393 | 423 | 439
Gs 1.5 10 | 08 | 90 | 63|49 191 | 136 | 106
D=50
- B,(X,)-15 B,(X,)-30 B,(X,)-45
f | cent k k k
gain
) 3 4 » 34| 2 3 4
Gi 1.6 22 | 25 | 90 182' 105' 175 | 259 | 308
010 | G 3.0 32 | 33 | 185 179 ' zf' 395 | 425 | 44.1
Gy 14 10 | 08 | 88 |61 ]47] 187 | 1321 102
Gi 1.7 23 | 27 | 100 1;. 185' 196 | 281 | 329
025 | G 3.1 33 | 33 | 188 ZOO' zéo. 403 | 433 | 448
Gy 13 09 | 07 | 81 [55]41]173] 118] 90
G 21 27 | 29 | 122 185' 167' 246 | 329 | 371
050 1 G 32 33 | 34 | 195 zg. 211' 420 | 448 | 46.1
Gy 11 07 | 05 | 65 | 41]30] 140 90 | 66

L. .. 2
It emerges from the above tables that the gain in precision of Sirl over %

increases with k regardless of the values of other parameters while for the

estimator SirZ , the gain in precision over S'y is at best marginal with

increasing k. However, the extent of gain scored by Ssrz relative to S§r1 over

% is higher and, at times, for some configurations of parameters, it is
markedly higher, thus rendering the estimator Sirz a frontrunner, despite

the fact that the gain of Sirz over Sf/rl diminishes with increasing value of k.

The tables also reflect that, for a fixed k, the gains in precision of

2. . . . .
Sirl andSirz over % increases with increasing value of the sampling

fraction f while the gain of $r2 over Sirl shows a dip for this case. It is clearly

brought out by the above tables that the increase in measure of peakedness

(e, B,(X,)) of the distribution of xwvariable in the non-response stratum

impacts in a positive manner the gains in precision of Sirl and Sirz overS’y .

Our computation based on the difference (distance) between stratum means,
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ie.,D= ?1 - 72 = .50, -25, 0, 25, 50 leads us to conclude that the estimators

S;rl and$r2 score optimally over %then D = 0 and so does

Szyrz over Ssrl when D = 0. However, a transition from negative to positive

values of D (#0), results in lower gains in precision be it GlorG2 or Gs'
This is clearly reflected by condition (4.2) coupled with (4.7). Finally Tables 1,
2 and 3 highlight an intuitive fact that an increase in the value of W1 (which
is proportion of respondents in the population) leads to a dip in gain in

precision, be it Glor G2 or G3 .
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