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1. INTRODUCTION

The randomized response (RR) data - gathering device to procure thrust worthy data on sensitive
issues by protecting privacy of the respondents was first developed by Warner (1965).
Subsequently, several other workers have proposed different RR strategies for instance, see the
review oriented references like Hedayat and Sinha (1991), Chaudhuri and Mukerjee (1988), Tracy
and Mangat (1996) and the papers by Mangat et al. (1997), Singh et al. (2000), Chang and Huang
(2001), Chang et al. (2004 a b), Gupta et al. (2006), Nazuk and Shabbir (2010), Lee ez al. (2011) and
Singh and Tarray (2012).

Hong et al. (1994) suggested a stratified RR technique under the proportional sampling
assumption. Kim and Warde (2004) and Kim and Elam (2005) have presented a stratified RR
techniques using an optimal allocation which are more efficient than a stratified RR technique
using a proportional allocation. Kim and Elam (2007) have mentioned that the extension of the
randomized response technique to stratified random sampling may be useful if the investigator is
interested in estimating the proportion of HIV / AIDS positively affected persons at different
levels such as by rural areas or urban areas, age groups, or income groups.

In the stratified random sampling, the population to be used to conduct the survey is partitioned
into strata. A sample is then selected by simple random sampling with replacement (SRSWR) from each
stratum is known. To get the full benefit from stratification, it is assumed that the number of units in
each stratum is known. In the stratified Warner’s randomized response model, an individual respondent

in the sample from stratum ‘2 is instructed to use the randomization device R;which consists of a
sensitive question (§) card with probability P and its negative question (S) card with probability

(1- P). The respondent answers the question with “Yes” or “No” without reporting which question
card he or she has. A respondent belonging to the sample in different strata will perform different
randomization device, each having different pre assigned probabilities. Under the assumption that these

“Yes” or “No” reports are made truthfully and P is set by the researcher, the probability of “Yes”

answers in stratum ¢ 7’ for the stratified Warner’s RR model is:
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Z = P/Tsl""( )(1 ﬂsl) for(i =1,2..,); 1)

where Z, is the proportion of “Yes” answers in a stratum 2 and 7 is the proportion of
respondents with the sensitive trait in a stratum . Let 7, denote the number of units in the

sample from stratum 2 and 7 denote the total number of units in sample from all stratum so that

k
n= Zni . The maximum likelihood estimate 7%3 (which is unbiased) of sensitive proportion
=1
k
Ty = Zwi”&' is given by
=1

o= Swhy = Sw,| Zoh)
s = 7S w; 2P1 )

i=1 =1

k

where w, =(N; / N) for (i =12 . k)sothat w= Zwi =1, N is the number of units in
=1

the whole population and N, is the total number of units in the stratum z and Z; is a point

estimate of Z;.

The variance of 7 in (2) is given by

k
V(ig)= sz‘zv(ﬁsl‘)
i=1

k] P(1-P) ©
= Z Sl (-7 )+ — = MSE(7y),
=1 1 (ZPZ - 1)
where MSE(.) stands for the mean square error of (.).
Under proportional allocation (i.e. 72; = 7(N, / N)), the variance /MSE of 7 is given by
A 5(-F)
V(7g)p = w;| 7 (7mg) + ———5
n le (2B-1)° @)

= MSE(ﬁ'S) P

which is due to Hong ez al. (1994).
If the prior information on 7 is available from the past experience, then under optimum

allocation:
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1/2

w; ”sl‘(l'”sz')Jprlz

n; (ZPZ _1)
W = 1/2° ®)
k P(1-P)
w,| mg(1-7mg)+ 5
-1 (2Pl -1)

13

Kim and Warde (2004) obtained the minimal variance/ MSE of the estimator 7%3 as

1/27P

; 1 & P(1-P

V(7s)o = 2 {”s;‘(l'”sz')‘Fﬁ} ©
=1 [

= MSE(;%) 0]

In this paper we have suggested a stratified optional randomized response technique based on
Mangat and Singh’s (1994) optional randomized response model and studied its properties are
studied under proportional allocation and optimum allocation. Numerically we have shown that
the proposed stratified optional randomized response technique is better than Mangat and Singh
(1994), Hong et al. (1994) and Kim and Warde (2004) estimators.

2. PROPOSED MODEFEL

In this proposed model, the population is partitioned into strata, and a sample is selected by simple
random sampling with replacement (SRSWR) from each stratum. To get the full benefit from
stratification, it is assumed that the number of units in each stratum is known. In this procedure,
the randomized response device R, and method for sampling the respondents in each stratum 7’

remains same as in Kim and Warde (2004) model. However, it differs in the sense that the
respondent is free to give answer in terms of “Yes” and “No” either by using RR device or without
using it. It is not revealing to the interviewer which mode has been followed for giving answer.
Let #; denote the number of units in the sample from stratum / and #» denote the total
k
number of units in samples from all stratum so that 7 = Zni if 7. is the probability that a
=1
respondent gives answer without using RR device then assuming completely truthful reporting,

the probability Y, of a “Yes” answer in stratum 7 is given by

Y,=Tng+(1-T.)Z;, fori=12,..,k

7
= Tmg +(1-T {Prg +(1-P)(A-75)}, fori=12,..k; ?
where Z. is given by (1) .
For this procedure, we consider the following estimator of 7;:
A n!
Tomi = > ®)

7.

1
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where 7/ is the observed number of “Yes” answers obtained from the 7; respondents including in

the sample from stratum .

Since the selection in different strata are made independently, the estimators for individual strata

can be added together to obtain an estimator for the whole population. Thus the estimator 7 of
k

Ty = Zwi”&' is given by
=1

A —
Tt =

Ma-

k
w7, =Y w;(n /n;) ©)
=1

Since 7!/ n, is distributed as a binomial variate B (7, , Y;), we, therefore, have the theorem

1=1

below.

THEOREM 1. The estimator gy is biased and the expression for bias is given by

k
B(7tgy) = Zwi (1_7;)(1_3)(1_2”&')

i=1

PROOF. We have

B(/Z\'ST) = E(ﬁsr) — Ty

k k
= E(Z‘wﬁmz} - Z‘wz‘”&'

1=1

which proves the theorem.
. A .
In order to study the performance of the estimator ¢, we need its mean square error (MSE)

which is given by

Z MSE(#t;) = Zw 1n 0 {Z’w(l T)(-P)(1- 2%)}, (10)

1=1
where Y, is given by (7).

Now we will obtain the MSE (74, ) under (i) Proportional allocation, and (i) Optimum allocation.

(i) Proportional Allocation
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The MSE (4, ) under the proportional allocation is given in the following theorem.

THEOREM 2. Under the proportional allocation (i.e. n, =n(N,/ N)), the MSE (7ts;) is
given by

MSE(7s)p = %{iwzx(l_x) } + |:Zk:wi(1_7;)(1_Pi)(1_2”Si):| (11)

1=1

Proof is simple so omitted
(if) Optimum Allocation

Information on 7g; and 7: are usually unavailable. But if prior information on 7, and 7; are

available from past experience then it helps to derive the following optimal allocation formula.

THEOREM 3. The optimal allocation of n to n,,n,,...,n, and n, to derive the minimum

k
mean square error subject to n = an« is approximately given by
=1

k

=1

Proof is simple so omitted.

THEOREM 4. Under the optimal allocation (12), the minimum mean square error of gy is
given by
2

k 2 k
MSE(7gr)o Z%{sz‘\/yz‘(l_yz‘)} + |:Zwi(1_7;)(1_l)i)(l_2ﬂ5i):| (13)

PROOF. Inserting (12) in (10) one can easily get (13).

3. RELATIVE EFFICIENCY

Suppose that there are two strata (i.e. & = 2) in the population, 7y, # 75, , P=F, =P, and
T =T, =T,, the mean square error of Mangat and Singh (1994) estimator 7, is given by

[7[5(7—7r5){2P—7+2T(7—P)}2+(7—T)(7—P){7—(7—T)(7—P)}]
n (14)

MSE(#,,,) =

+[(1-T)(1-P)(1- 27 )]*

where ¢ = w, g +w,7g,.
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3.1. Proportional Allocation

For two strata (i.e. £ = 2) in the population and P =P, = P,, MSE (7/1:5) in (4) reduces to:
~ A 1| & P(1-P)
MSE(mg)p =—| ) winmg(1-7g)+——— 15
(705)p n{; z{ si( si) (2P_1)2H (15)

Under the assumptions £ =2, P=P =P, and T =T, =T,, the MSE (757 )p in (5) reduces to:
~ k
MSE(#Tgr)p = %{Zwﬁi*a -Y7) } + [a-D)a-Pya-27y)] (16)
=1

where s = (W g + W,y Tg,) and Y =Trg+ (1 - T){Pﬂ'&- +(1-P)1-7g)}
fori=12,...k.
From (14), (15) and (16), the percent relative efficiency (PRE) of the proposed estimator ”A'ST

(under proportional allocation) with respect to Mangat and Singh’s (1994) estimator 7,,; and the

. A . . . > . . .
estimator 77, (under proportional allocation i.e. Hong et al.’s estimator) are respectively given by

Mxloo

PRE (7 )= —
((ﬂST )P ﬂ.mS) MSE(%ST)P (17)
and
) . MSE(7),
PRE 5 == a" 8
(s )p>(75)p) TSE(%,), (18)

We have computed the percent relative efficiencies PRE (Z¢y,7,,s) and PRE (Zgy,7)

for different values of #,P,w,,w,, 7, , rg,and T". Findings are shown in Table 1 and Table 2

respectively. Diagrammatic representations are also given in Fig. 1 and Fig. 2.
It is observed from Table 1 to 2 and Fig. 1 to 2 that:

the values of percent relative efficiencies PRE ((Zs7)p>7,,s) and PRE (7Tr)p,7s) are larger
than 100. We can say that the envisaged estimator 7%57 (under proportional allocation) is more
efficient than the proposed estimator 7%3 (under proportional allocation i.e. Hong er al.’s estimator)
and that of the Mangat and Singh’s (1994) estimator 7/2\-7;’15' Fig. 1 and Fig. 2 show results for
P=0.72,0.81, 7=0.5,0.7, 0.9 and different values of n, 7, 75, W, @, .

It is observed from Table 1 that the values of the relative efficiency PRE (75 )ps7,,s)
increase as the value of P increases. Table 2 exhibits that the values of the percent relative
efficiency PRE(/%ST ,7%5) decrease as the value of P increases.

We further note from the results of Fig. 1 and 2 that there is large gain in efficiency by using

the suggested estimator 7, under proportional allocation over the proposed estimator 7; (Hong

et al.’s (1994) estimator) as well as Mangat and Singh’s (1994) estimator 7%7;’15 . Thus the proposed
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. A . . . .
estimator 77g under proportional allocation is to be proposed over Hong et al.’s (1994) estimator

¢ and the Mangat and Singh’s (1994) estimator 7, .
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TABLE 1;

Percent relative efficiency of the proposed estimator 7T ¢ (under proportional allocation) with respect to

Mangat and Singh (1994) estimator ﬂA'M g

P
| T e e | T T [069 | 072 | 075 | 0.78 | 0.81
10 008 013 090 010 050 009 18843 20637 22824 25505 28807 32892 37972 44316
10 008 013 080 020 050 009 19002 20803 22995 25671 28953 32997 379.98  442.04
10 008 013 070 030 050 0.0 19162 20971 23164 25834 29096 33097 380.18 44087
10 008 013 060 040 050 0.0 19322 21138 23333 25996 29236 33192 38033  439.66
10 008 013 050 050 050 0.1 19484 21305 23501 26155 29373 33283 38043 43841
10 008 013 040 060 050 0.1 19646 21473 23668 26313 29507 33370 38048  437.12
10 008 013 030 070 050 0.2 19809 21640 23834 26469 29637 33452 38048 43579
10 008 013 020 080 050 0.2 19972 21808 24000 26622 297.63 33529 38042 43443
10 008 013 010 090 050 0.3 20136 21975 24163 26773 29886 33601 38032 43302
20 018 023 090 010 070 019 30902 33119 35559 38233 41150 44314 47719 51350
20 018 023 080 020 070 019 31079 33271 35675 383.02 41159 44247 47559 51079
20 018 023 070 030 070 020 31252 33418 357.86 383.66 41163 44175 47395  508.06
20 018 023 060 040 070 020 31421 33560 35892 38424 41160 44097 47227 50533
20 018 023 050 050 070 021 31587 33698 35992 38476 41152 440.15 47057 50258
20 018 023 040 060 070 021 31749 33830 360.87 38523 41138 43928  468.82  499.83
20 018 023 030 070 070 022 31906 33958 36176 38563 41118 43836  467.05  497.07
20 018 023 020 080 070 022 32059 34081 36260 38598 41093 43738 46524 49430
20 018 023 010 090 070 023 32208 34199 36338 38626 41062 43637 46340 49153
30 028 033 090 010 090 029 49984 507.19 51450 52177 52897 53611 54317  550.13
30 028 033 080 020 090 029 497.81 50494 51203 51908 52608 53301 539.86  546.63
30 028 033 070 030 090 030 49575 50267 50956 51640 52319 52992 53657  543.15
30 028 033 060 040 090 030 49369 50040 507.08 51372 52031 52685 53331 53970
30 028 033 050 050 090 031 49160 498.12 50460 51105 51745 52379 53007 53628
30 028 033 040 060 090 031 48950 49583 50212 50838 51459 52075 52685  532.88
30 028 033 030 070 090 032 48739 49353  499.63 50571 51174 51772 52364 52951
30 028 033 020 080 090 032 48526 49122 49714 50304 508.89 51470 52046  526.17
30 028 033 010 090 090 033 48312 48890 49465 50037 50606 51171 51730  522.85
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TABLE 2;
Percent relative efficiency of the proposed estimator 7Ty (under proportional allocation) with respect to the

. A . .
Hong et al.’s estimator 7T (under proportional allocation).

n| 7y | 7 | w, | w, T s

0.6 | 063 | 066 | 0.69 0.72 075 | 078 | 0.81
10 008 013 090 010 050 009 131129 844.84 60672  467.56 37848 31751 27348  240.12
10 008 013 080 020 050 009 132697 85414 61277 47169 38134 31946 27472 24077
10 008 013 070 030 050 010 134277 863.47  618.82 47580 38418 32138 27593  241.40
10 008 013 060 040 050 010 1358.68 872.85  624.87 47990 38699 32327  277.10 24199
10 008 013 050 050 050 011 137471 88225 63092  483.97 38977  325.12 27824 24256
10 008 013 040 060 050 011 1390.85 891.69 63697  488.02 39251 32693 27935  243.09
10 008 013 030 070 050 012 140708 90115  643.01 49205 39522 32871 28042  243.60
10 008 013 020 080 050 012 142342 910.64  649.03 49605  397.90 33045 28146  244.09
10 008 013 010 090 050 013 1439.84 92014 65504  500.01 40054  332.15 28246 24454
20 018 023 090 010 070 0.9 200432 125128 86876  645.61 50254 40420 33281  278.63
20 018 023 080 020 070 0.9 201775 1257.96 87222  647.31 50320 40421 33242 27801
20 018 023 070 030 070 020 203096 126449 87557 64892 50379 40418 33201  277.38
20 018 023 060 040 070 020 204394 127086  878.80 65045 50432 40410 33157  276.74
20 048 023 050 050 070 021 205668 1277.06 88190  651.89 50479 40399 33112  276.09
20 018 023 040 060 070 021 2069.17 128308 88488  653.24 50520  403.84 33064  275.44
20 018 023 030 070 070 022 208139 128893 88773 65450 50555  403.65  330.13 27477
20 018 023 020 080 070 022 209334 129459 89046  655.67 50583 40342 32961 27411
20 018 023 010 090 070 023 210500 130006 893.05 65675 50606  403.15  329.07  273.43
30 028 033 090 010 090 029 282545 167694 1108.44  785.62 58457 45075 35710  288.93
30 028 033 080 020 090 029 281043 166770 110221  781.17 58129 44828 35523  287.51
30 028 033 070 030 090 030 279546 165852 109602 77676  578.04 44584 35338  286.11
30 028 033 060 040 090 030 278054 164938 1089.88 77239 57483 44343 35155  284.72
30 0.28 0.33 0.50 050 0.90 0.31 2765.67 164029 1083.77 768.06 571.64 441.05 349.74 283.36
30 0.28 0.33 0.40 0.0 0.90 0.31 2750.85 1631.25 1077.72 76377 56850 438.69 347.96 282.01
30 0.28 033 030 070 0.90 0.32 2736.08 162226 107171 75952  565.38 43636 346.21  280.69
30 0.28 0.33 0.20 0.80 0.90 0.32 272137 161332 106574 75530  562.29 43406 344.47 279.38
30 0.28 033 0.10 0.90 0.90 0.33 270670 1604.43 1059.81 751.12  559.24 43178  342.75  278.09
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Figure 1 - Percent relative efficiency of the proposed estimator 7Z¢7 (under proportional allocation) with respec

g

8

g

g

Percent Relative
=
2

Ffficiency

(=]

to Mangat and Singh (1994) estimator 7, .

600 T—

N | N

200 W0.72

300

200 - " i j o8l

S TN W | .
0,09 0,11 0,19 s 0,22 0,3 0,32

Figure 2 - Percent relative efficiency of the proposed estimator (under proportional allocation) with respect to th
estimator (under proportional allocation i.e. Hong et al.’s (1994) estimator).
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3.2 Optimum Allocation

Under the assumption £ =2 (ie. two strata in the population), P=P, =P,, T =T =1,,
MSE( 7;5) in (6) and MSE( 7%ST) in (13) respectively reduce to:

2

1/2
~ A 2 P1-P
MSE(A,),, =% > {7[&-(1 ) +ﬁ} 19)
and
MSE(7r)o = ﬂ ,2 WY (1Y) } + [a-T)a-P)a-27,)] (20)
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From (14), (19) and (20), the percent relative efficiency (PRE) of the proposed estimator 7}ST

A
(under optimum allocation) with respect to Mangat and Singh’s (1994) estimator 77,,¢ and the

. A . . . . . .
estimator /¢ (under optimum allocation i.e. Kim and Warde’s (2004) estimator) are respectively

given by
, ) MSE(7
PRE ((EJ‘T)OJ”M):N,—WXWO 21)
MSE(7 g )o
and
; R MSE(7),
HOOT MSE (R ),

We  have computed the percent relative efficiencies  PRE (7%ST>7%mS) and
PRE (7751)0(75)g) for various values of 7, P, w,, w,, 7g» Tgyand T . Results are
compiled in Table 3 and Table 4 respectively. Diagrammatic representations are also given in Fig. 3
and Fig. 4.The values of PRE ((7%ST )O,/Z\'ms) and PRE ((ﬁST )O,(/Z\'S )o) are greater than 100
for all values of n, P, w,, w,, 7g, mg,and T considered here. So we can say that the
envisaged estimator 7%57 (under optimum allocation) is more efficient than the Kim and Warde’s
(2004) estimator/i’s (under optimum allocation) and that of the Mangat and Singh’s (1994)
estimator ﬁmS' Fig. 3 and Fig. 4 show results for P =0.72, 0.81, 7 =0.5, 0.7, 0.9 and different
values of n, P, w,, w,, 7g, 75, -We note from Table 3 that the values of the percent relative
efficiencies PRE (7%57,7/2\'”25) increase as the value of P increases. Table 4 demonstrates that the

values of the percent relative efficiency PRE (7%ST ,7/2\'5) decrease as the value of P increases. It is
further observed from the results of Fig. 3 and 4 that there is large gain in efficiency by using the
proposed estimator 7%ST under optimum allocation to that of the Kim and Warde’s (2004)

. A . s . A . .
estimator 7 as well as Mangat and Singh’s (1994) estimator 7,,; .Thus our recommendation is to
. A . . . S
use the proposed estimator 77¢; (under optimum allocation) over Kim and Warde’s (2004)
. A . S . A .. .
estimator 77 and Mangat and Singh’s (1994) estimator 77,,¢ in presence of prior information of 7¢;

and 75, .
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TABLE 3

Percent relative efficiency of the proposed estimator 7 ¢ (under optimum allocation) with respect to Mangat

and Singh’s (1994) estimator 7T ;.

P
m e T e w | T [ 063 | 066 | 069 | 072 | 0.75 | 078 | 0.81
10 0.08 0.13 0.90 0.10 0,50 0.09 188.44 206.38 228.27 255.09 288.12 329.01 379.86 443.39
10 0.08 0.13 0.80 0.20 0,50 0.09 190.04 208.06 229.99 256.77 289.63 330.12 380.23 442.44
10 0.08 0.13 0.70 030 050 0.10 191.64 209.74 231.69 258.42 291.09 331.17 380.51 441.40
10 0.08 0.13 0.60 040 050 0.10 193.25 211.42 233.39 260.05 292.51 332.16 380.70 440.26
10 0.08 0.13 0.50 050 050 o0.11 194.87 213.10 235.08 261.66 293.89 333.08 380.82 439.03
10 0.08 0.13 0.40 0.60 050 O0.11 196.49 214.77 236.75 263.23 295.22 333.93 380.85 437.71
10 0.08 0.13 0.30 0.70 050 0.12 198.11 216.44 238.40 264.77 296.50 334.72 380.80 436.30
10 0.08 0.13 0.20 0.80 050 0.12 199.74 218.10 240.04 266.29 297.73 335.45 380.67 434.81
10 0.08 0.13 0.10 090 0,50 0.13 201.38 219.76 241.66 267.77 298.92 336.10 380.45 433.23
20 0.18 0.23 090 0.10 070 0.19 309.06 331.24 355.64 382.40 411.59 443.25 477.32 513.68
20 0.18 0.23 0.80 020 070 0.19 310.85 332.78 356.85 383.15 411.75 442.66 475.83 511.09
20 0.18 0.23 0.70 030 070 0.20 312.60 334.28 357.99 383.82 411.83 442.00 474.26 508.46
20 0.18 0.23 0.60 040 070 0.20 314.30 335.71 359.06 384.42 411.83 441.26 472.63 505.77
20 0.18 0.23 0.50 050 070 0.21 315.97 337.10 360.07 384.95 411.76 440.45 470.93 503.04
20 0.18 0.23 040 060 070 0.21 317.58 338.42 361.02 385.41 411.61 439.56 469.17 500.27
20 0.18 0.23 030 070 070 0.22 319.14 339.69 361.89 385.79 411.38 438.60 467.35 497.45
20 0.18 0.23 0.20 0.80 070 0.22 320.66 340.89 362.70 386.10 411.08 437.57 465.47 494.59
20 0.18 0.23 0.10 090 070 0.23 322.12 342.03 363.43 386.33 410.70 436.47 463.52 491.69
30 0.28 0.33 090 0.10 090 0.29 499.91 507.26 514.57 521.84 529.05 536.19 543.25 550.22
30 0.28 0.33 0.80 0.20 090 0.29 497.92 505.06 512.16 519.21 526.21 533.15 540.01 546.78
30 0.28 0.33 0.70 030 090 0.30 495.90 502.83 509.72 516.57 523.37 530.10 536.77 543.35
30 0.28 0.33 0.60 040 090 0.30 493.85 500.58 507.27 513.92 520.52 527.06 533.53 539.93
30 0.28 0.33 0.50 050 090 031 491.77 498.30 504.79 511.25 517.65 524.00 530.29 536.51
30 0.28 0.33 0.40 060 090 031 489.67 496.00 502.30 508.56 514.78 520.95 527.06 533.10
30 0.28 0.33 030 070 090 0.32 487.53 493.67 499.79 505.87 511.90 517.89 523.83 529.70
30 0.28 0.33 0.20 0.80 090 0.32 485.37 491.33 497.26 503.16 509.02 514.84 520.60 526.31
30 0.28 0.33 0.10 090 090 033 483.18 488.96 494.72 500.44 506.13 511.78 517.38 522.93
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TABLE 4

Percent relative efficiency of the proposed estimator 7t ¢ (under optimum allocation) with respect to the Kim

and Warde’s (2004) estimator 7%5 .

P
S R N [ 0.63 | 066 | 069 | 072 | 0.75 | 0.78 | 0.81
10 0.08 0.13 0.90 0.10 0.50 0.09 1311.36 844.90 606.77 467.61 378.54 317.58 273.56 240.21
10 0.08 0.13 0.80 020 0.50 0.09 1327.09 854.24 612.87 471.79 381.45 319.58 274.86 240.93
10 0.08 0.13 0.70 030 0.50 0.10 134293 863.61 618.95 475.94 384.33 321.54 276.11 241.60
10  0.08 0.13 0.60 040 0.50 0.10 1358.87 873.01 625.03 480.06 387.16 323.45 277.31 242.22
10  0.08 0.13 0.50 050 0.50 O0.11 1374.91 882.43 631.09 484.14 389.94 325.31 278.46 242.80
10  0.08 0.13 0.40 0.60 0.50 O0.11 1391.04 891.86 637.13 488.19 392.68 327.12 279.56 243.33
10  0.08 0.13 0.30 0.70 0.50 0.12 1407.26 901.31 643.15 492.20 395.38 328.87 280.60 243.81
10 0.08 0.13 0.20 0.80 0.50 0.12 1423.55 910.76 649.14 496.16 398.02 330.58 281.59 244.24
10 0.08 0.13 0.10 090 0.50 0.13 1439.92 920.21 655.10 500.08 400.60 332.22 282.54 244.63
20 0.18 0.23 090 0.10 0.70 0.19 2004.53 1251.43 868.89 645.72 502.64 404.29 332.90 278.71
20 0.18 0.23 0.80 020 0.70 0.19 2018.13 1258.24 872.45 647.51 503.37 404.37 332.57 278.14
20 0.18 0.23 0.70 030 0.70 0.20 2031.47 1264.87 875.87 649.18 504.02 404.38 332.20 277.55
20 0.18 0.23 0.60 040 0.70 0.20 2044.53 1271.29 879.14 650.74 504.58 404.34 331.79 276.94
20 0.18 0.23 0.50 050 0.70 0.21 205730 1277.51 882.26 652.20 505.06 404.24 331.34 276.29
20 0.18 0.23 0.40 060 070 0.21 2069.77 1283.52 885.23 653.53 505.46 404.08 330.85 275.63
20 0.18 0.23 0.30 070 0.70 0.22 208193 1289.31 888.04 654.76 505.77 403.85 330.32 274.94
20 0.18 0.23 0.20 0.80 0.70 0.22 2093.75 1294.89 890.69 655.87 506.01 403.58 329.75 274.23
20 0.18 0.23 0.10 090 0.70 0.23 2105.23 1300.23 893.19 656.86 506.16 403.24 329.15 273.50
30 0.28 0.33 090 0.10 090 0.29 282581 1677.16  1108.60 785.73 584.65 450.82 357.15 288.97
30 0.28 0.33 0.80 020 090 0.29 2811.07 1668.10 1102.48 781.36 581.43 448.40 355.32 287.58
30 0.28 0.33 0.70 030 090 030 2796.29 1659.02 1096.36 777.01 578.23 445.99 353.49 286.20
30 0.28 0.33 0.60 040 090 030 2781.48 1649.95 1090.26 772.68 575.04 443.60 351.68 284.83
30 0.28 0.33 0.50 050 090 031 2766.64 1640.88 1084.18 768.35 571.86 441.22 349.88 283.47
30 0.28 0.33 0.40 060 090 031 2751.77 1631.81 1078.10 764.05 568.70 438.85 348.09 282.12
30 0.28 0.33 0.30 0.70 090 032 2736.87 1622.75 1072.04 759.76 565.56 436.50 346.32 280.78
30 0.28 0.33 0.20 0.80 090 032 272196 1613.69 1065.99 755.48 562.43 434.16 344.55 279.44
30 0.28 0.33 0.10 090 090 033 2707.03 1604.63  1059.95 751.22 559.32 431.84 342.80 278.12
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To have the tangible idea about the performance of the proposed estimator 7. under
optimum allocation to that of under proportional allocation, we have computed the percent
relative efficiency of the proposed estimator 7, under optimum allocation with respect to 77 g

under proportional allocation by using the formula:

MSE(#g7)p

= - x 100 (23)
MSE(7gr)o

PRE (57 )0(7s7)p) =
For different values of 7, P, w,, w,, 7g, mgand T .
Findings are shown in Table 5 and its diagrammatic representation is given by the figure 5.

We note from Table 5 that the values of the percent relative efficiencies PRE(}%ST aﬁ'ST)

increase as the value of P increases.
Fig. 5 show results for P =072, 0.81, T =05, 0.7, 0.9 and different values of

TTg1s Tgpy Wy Wy -
We further note from the results of Fig. 5 that there is a marginal gain in efficiency by using

. A . . . .
the suggested estimator ¢, under optimum allocation to that of under proportional allocation.
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Percent relative efficiency of the proposed estimator 7T ¢ under optimum allocation with respect to 7T ;.

under proportional allocation.

TABLE 5

2
R R T [ 063 | 066 | 069 | 0.72 | 0.75 | 0.78 | 0.81
10 0.08 0.13 090 0.10 0.50 0.09 100.01 100.01 100.01 100.01 100.02 100.03  100.04 100.05
10 0.08 0.13 080 0.20 0.50 0.09 100.01 100.01 100.02 100.02 100.03 100.05 100.07 100.09
10 0.08 0.13 0.70 0.30 0.50 0.10 100.01 100.02 100.02 100.03 100.04 100.06 100.09 100.12
10 0.08 0.13 060 0.40 0,50 0.10 100.01 100.02 100.03 100.04 100.05 100.07 100.10 100.14
10 0.08 0.13 050 0.50 050 0.11 100.01 100.02 100.03 100.04 100.05 100.07 100.10 100.14
10 0.08 0.13 040 0.60 0.50 0.11 100.01 100.02 100.03 100.04 100.05 100.07 100.10 100.13
10 0.08 0.13 030 0.70 0.50 0.12 100.01 100.02 100.02 100.03 100.05 100.06 100.08 100.12
10 0.08 0.13 020 0.80 0.50 0.12 100.01 100.01 100.02 100.03 100.03 100.05 100.06 100.09
10 0.08 0.13 0.10 0.90 0.0 0.13 100.01 100.01 100.01 100.01 100.02 100.03  100.04 100.05
20 0.18 023 090 0.10 0.70 0.19 100.01 100.01 100.02 100.02 100.02 100.02 100.03 100.03
20 0.18 023 0.80 0.20 0.70 0.19 100.02 100.02 100.03 100.03 100.04 100.04 100.05 100.06
20 0.18 023 070 030 0.70 0.20 100.03 100.03 100.04 100.04 100.05 100.06 100.07 100.08
20 0.18 023 0.60 040 0.70 0.20 100.03 100.03 100.04 100.05 100.06 100.06 100.08 100.09
20 0.18 023 050 0,50 0.70 0.21 100.03 100.04 100.04 100.05 100.06 100.07 100.08 100.09
20 0.18 023 040 0.0 0.70 0.21 100.03 100.03 100.04 100.05 100.06 100.06  100.07 100.09
20 0.18 023 030 0.70 0.70 0.22 100.03 100.03 100.04 100.04 100.05 100.06 100.07 100.08
20 0.18 023 0.20 0.80 0.70 0.22 100.02 100.02 100.03 100.03 100.04 100.04 100.05 100.06
20 0.18 023 0.10 090 0.70 0.23 100.01 100.01 100.02 100.02 100.02 100.02 100.03 100.03
30 0.28 033 090 0.10 0.90 0.29 100.01 100.01 100.01 100.01 100.01 100.02 100.02 100.02
30 0.28 033 0.80 0.20 0.90 0.29 100.02 100.02 100.02 100.03 100.03 100.03  100.03 100.03
30 0.28 033 070 0.30 0.90 0.30 100.03 100.03 100.03 100.03 100.03 100.04 100.04 100.04
30 0.28 033 0.60 040 090 0.30 100.03 100.03 100.04 100.04 100.04 100.04 100.04 100.04
30 0.28 033 050 050 090 031 100.03 100.04 100.04 100.04 100.04 100.04 100.04 100.04
30 0.28 033 040 0.60 0.90 0.31 100.03 100.03 100.04 100.04 100.04 100.04 100.04 100.04
30 0.28 033 030 0.70 0.90 0.32 100.03 100.03 100.03 100.03 100.03 100.03  100.04 100.04
30 0.28 033 020 0.80 0.90 0.32 100.02 100.02 100.02 100.02 100.03 100.03  100.03 100.03
30 0.28 033 0.10 090 090 0.33 100.01 100.01 100.01 100.01 100.01 100.01 100.01 100.02
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4. DISCUSSION

This paper addresses the problem of estimating the proportion 7 of the population belonging to a
sensitive group using optional randomized response technique in stratified sampling. A stratified
Mangat and Singh’s optional randomized response model using Mangat and Singh’s (1994) model
has been proposed. It has been shown that the proposed randomized response model is more
efficient than the Hong et al.’s (1994), Mangat and Singh’s (1994) and Kim and Warde’s (2004)
stratified randomize response models.

In addition to the gain in efficiency, the proposed methods are more beneficial than the
previous methods.
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Two more advantages exist with stratified RR models using optimal allocation. The first is
that they solve a limitation of RR technique which is the loss of individual characteristics of the
respondents. Also, using optimal allocation helps to overcome the high cost incurred because of
the difficulty in obtaining a proportional sample from a stratum (as mentioned in the Kim and
Warde’s (2004) model).
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SUMMARY

A stratified Mangat and Singh’s optional randomized response model using proportional and
optimal allocation

This paper suggests a stratified optional randomized response model based on Mangat and Singh
(1994) model that has proportional and optimal allocation and larger gain in efficiency.
Numerically it is found that the suggested model is more efficient than Kim and Warde (2004)
stratified randomized response model and Mangat and Singh (1994) model. Graphical
representations are also given in support of the present study.

Keywords: Randomized response technique; Stratified random sampling; Simple random
sampling with replacement; Estimation of proportion; Mean square error.



