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SUMMARY

This paper is devoted to the estimation of population proportion 7, of population belonging

to some sensitive group A using prior or a guessed value 7, of 7, . A class of shrinkage estimators

for m, using prior information T, is suggested under unrelated question randomized response

model and analyzed its properties.
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1. INTRODUCTION

Warner (1965) has given a skillful
interviewing procedure known as randomized
response (RR) technique for estimating the
proportion 1, of population members of a sensitive

group A. Horvitz et al. (1967) suggested a variant
originally due to Simmons to the effect that the
confidence of respondent in anonymity provided by
randomized response method might be enhanced if
one of the questions referred to a non-sensitive,
innocuous attribute, say Y, unrelated to the sensitive
attribute A. For instance, the sensitive question may
be A : “Do you habitually consume illicit drugs?” or
Y: “Do you like the game of cricket?”. Since the
second question relates to an innocuous
characteristic that is unrelated to the drug addiction,
one can reasonably expect that the respondent’s
privacy is being sufficiently well protected
(Chaudhuri and Mukerjee (1988)). The model
developed by Horvitz et al. (1967) is known as
unrelated question randomized response model (U-
model). The theoretical framework for this model
was given by Greenberg et al. (1969).

If my is the proportion in the population with
the attribute Y, my +m,21. Suppose that the
<

statement Y with probability (1-p) and 6 denotes
the probability of “yes” answer, we have

6=pnA+(1—p)7rY (L.1)

_{o-(1-p)my}
p

Assume that a simple random sample of size » is
drawn with replacement from the population and
each interviewee is asked to report only “yes” or
[13 b2

no” regarding belonging to A (chosen with
probability p) or to Y (chosen with probability

(1 —p) ). If n,be the number of “yes” responses in

= T

(1.2)

the sample and é:nl /n, an unbiased estimator of
7, is defined by

R {é““v(l—P)}

My =—% (1.3)
P
The variance of 7, is given by
. 0(1-6
V(fip)= ( = ) (1.4)
np

_Tall=ma) (]_f) K,(ty,ma) (15

n np
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where
K; (my,ma)=p(1-2 my)ms + 7y [1—(1—p)TcY]

This U-model was further modified by various
authors including Moor (1971), Folsom et al
(1973), Greenberg et al. (1969), Abul-Ela et al

(1967), Mangat et al. (1992), Singh et al. (1994) and

Singh (1994).

This paper suggests a modification of usual
unbiased estimator in (1.3) when a “guessed value”
or “prior value” of m, is available.

2. SHRINKAGE ESTIMATOR WITH
KNOWN

In practice the experimenter often possesses
some knowledge of the experimental conditions,
based on familiarity with the behaviour of the
system/population under consideration or from past
experience or from some extraneous source, and is
thus in a position to give an adequate guess or an
initial estimate, say m,, of the value of the
population proportion m, . Motivated by Thompson

(1968), we suggest a shrinkage estimator for m, as
fiy =8fs +(1-8)mp, 0< & <1 2.1)

where & is a constant specified by the experimenter

according to his belief on m,. A value of m, near to

zero implies a strong belief in 7, and a value near to
“1” implies a strong belief in sample estimate 7, .

It is well known that © follows a binomial

distribution with parameter n and 6. Thus the bias
and mean squared error of 7, are respectively, given
by

B(%;)= (1-8)(mo ~7a) 22)
and

6(1-6
MSE (#) = 82 (—22+(1—5)2 (ro-ma ) (23)
np

It follows from (1.4) (or (1.5)) and (2.3) that the

relative efficiency of 7, with respect to 7, is

2 -1
RE(f, #a)= 82+e(r11p_9)(7t0—nA)2(1—6)2 }

(2.4)

which is greater than ‘one’ if

n - 7) (1+8)
R B

The ranges of &can be calculated for different
values of n, p, 4,y and mjare their findings are
displayed in Table 3.1.

The “optimum” value of & which minimizes the
MSE of 7y in (2.3) is given by

5= {(nq _(:z )‘27;)2;29)} (2.6)

The value of & depends on the unknown
parameter m,. Since m, is the guessed value or
prior value of m, ,-one may replace m, by a =,

where o is a positive constant. Thus, the value of
din (2.6) reduce to

8 = (o @7
F T 705 0L
(a—l)zng.{._P( :pzo )}

where
fp (‘Ey,‘ﬂo,a)
={pa7t0 +(1—p)ny}{1—pom0 —(l—p)nY}
2.8)

Substitution of (2.7) in (2.1) yields a shrinkage
estimator for m, as

A

T

=my+ (0“1)27%2)(’% )
{(a—l)z ‘rr(z) +%{om0(1 - 7‘0) +(1;2p) Kp (nY,TrO,oc)H

2.9)
where
K, (ny.m,a) =[p(1—2ny)om0 +my {1 —(l—p)ny}]
(2.10)
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The bias and MSE of 7, are respectively given
by

B(y;)

[omo (1-a no)+{(1 —p)/pz} Kp(ﬂyaﬂ'o,a)}(ﬂ'A -7)

{n(on—l)2 3+ amy (1-amg ) ~|—(]—_2EZ K, (nY,no,a)H
p

(2.11)
and MSE(ﬁsl)=% (2.12)
where
[(oc—l { (1-6)/p*} + } { amg (1-am)
{(1 p)/p} (my.mg.0 } {(no—nA)z/n}}
and

[ (a_l)zng+§{ano(l—wro)+“;—2")l<p(nmo,a)ﬂz

The relative efficiency of 7y, with respectto 7, is

. &=y B
Rla(nsl,nA)zm (2.13)
where
2
S P
°7 8(1-0)n

{ano (1-omy) + ( —f) K, (ﬂy,no’a)}z

which is greater than ‘unity” if

o&%{ " (7’0 RA)}

n 8(1-6)

1 p(m ‘“A)2
o, {; —EW_%}

23+ —{ﬁ— g;;ﬂ }pro,a) >0

(2.14)

The ranges of o can be calculated for which
RE(ft,7ts) is greater than one. For different

values of n, p, m,, my and m, are calculated and
displayed in Table 3.3.

3. NUMERICAL ILLUSTRATION AND
CONCLUSIONS

For the sake of convenience and tangible idea
about the performance of the proposed estimator T

over conventional unbiased estimator 7, , we have
computed the ranges of (8,o) and percent relative
efﬁcieﬁcy of &, over m, for different values
of n = 5,10,50; p = 0.7, =, = 0.05,0.10,0.25
ny .= 0.05,0.10(0.30)0.70; & - 0.25(0.25)0.90
Mo=T /20,14 /10,74 /8,75 /4(Tip [4)Tp

It is observed from Table 3.1 that the proposed
estimator 7t is better than-the estimator 7, for full
range of & (i.e. 0<8<1) when n, and sample size n

(£10) are small. The range of & decreases as
(n, m,, p) increase, while it increases as my
increases. It is also observed that when sample size n
is large and the guessed value m,departs much from

the true value, the range of dominance of & becomes
shorter.

The range of a for which the estimator 7gis
better than 7, is given in Table 3.3.

From Table 3.2, we have made the following
observations:

(i) The PRE decreases as sample size n
increases and it is less than 100% for n = 50
and 0.10< m, <0.25. The PRE increases as

the guessed value m;increases towards m,
and it is maximum when my=m, .

(ii) The proposed estimator T, is always better
than the unbiased estimator 7, when m, is
small (i.e. my =0.05).

(iii) The suggested estimator 7t is more efficient
than 7, with substantial gain in efficiency

when Y% < 8 < 1 except in few cases
particularly when the sample size is large
(i.e.n=50).
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(iv) When & approaches unity (i.e. % < 8 < 1),
the estimator 7 is better than 7, .

(v) For fixed (8, p), the gain in efficiency
increases as my increases.

(vi) Larger gain in efficiency is observed for
smaller sample sizes (i.e. n< 10).

Thus, we see that there is enough scope of
choosing & in order to generate estimators better
than 7, from @,. We also conclude that the
estimator g is useful for small values of n and
m, even if the difference (m, -7y) (>0) is large. In

practice such sample sizes are desirable when the
survey procedure like RRT is much expensive. Even
the estimator 7 is better than 7, for large values of

nwhen¥ < 8<1.
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Table 3.1. The range of 8 for which the estimator T is better than 7 ,

P=0.7, Ty =0.05

7T, =0.05 T, =0.10 TA=02
mo b no 5 5 50 5 . 50 5 5 : 50
TA /20 0.00~1 | 0.00~1 | 0.08~1 0.00~1 |  0.00~1 | 0.48~1 0.00~1 | 0.28~1 0.80~1
ma /10 0.00~1 |  0.00~1 | 0.02~1 0.00~1 |  0.00~1 | 0.44~1 0.00~1 |. 0.23~1 0.78~1
Ta/8 0.00~1 | 0.00~1 | 0.00~1 0.00~1 | 0.00~1 | 0.41~1 0.00~1 | 0.21~1 0.77~1
WING 0.00~1 | 0.00~1| 0.00~1 0.00~1 | 0.00~1 | 0.28~1 0.00~1 |  0.06~1 0.70~1
Tp /2 0.00~1 | 0.00~1 | 0.00~1 0.00~1 | 0.00~1 | 0.00~1 0.00~1 |  0.00~1 0.43~1
3mp /4 0.00~1 |  0.00~1 | 0.00~1 0.00~1 | 0.00~1 | 0.00~1 0.00~1 | 0.00~1 0.00~1
TA 0.00~1 | 0.00~1 | 0.00~1 0.00~1 |  0.00~1 | 0.00~1 0.00~1 |  0.00~1 0.00~1
Ty =0.10
Tp /20 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1 | 000~1| 042~1] 0.00~1| 026~1 0.79~1
TA/10 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 000~1| 0381]| 0.00~1| 021~1 0.77~1
Ta/8 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 035~1] 0.00~1| 0181 0.76~1
WG 0:00~1 | 0.00~1 | 0.00~1 ] 0.00~1 | 0.00~1| 021~1| 000~1| 0.03~1 0.68~1
Tpl2 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1] 0.00~1| 0.00~1 0.40~1
3mp /4 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1| 0001 0.00~1
A 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1] 0.00~1| 0.00~1 0.00~1
Ty = 0.40
Ta/20 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.18~1| 0.00~1| 0.14~1 0.74~1
Ta/10 0.00~1 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1 0.13~1 | 0.00~1 | 0.09~1 0.71~1
Ty /8 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.10~1| 0.00~1| 0.06~1 0.70~1
Tp /4 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1| 0.00~1 0.61~1
Tp/2 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1| 0.00~1 0.30~1
3mp /4 0.00~1 |  0.00~1 | 0.00~1] 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1 0.00~1
TA 0.00~1 | 0.00~1 | 0.00~1]| 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1 0.00~1
Ty =0.70
Ta /20 0.00~1 |  0.00~1 0.00~1 | 0.00~1 | 0.00~1 | 0.05~1| 0.00~1| 0.08~1 0.71~1
TA/10 0.00~1 |  0.00~1 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.02~1 0.68~1
Ta/8 0.00~1 |  0.00~1 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1 0.66~1
LING: 0.00~1 | 0.00~1 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1 0.57~1
Tp/2 0.00~1 | 0.00~1| 0.00~1 | 0.00~1| 0.00~1| 0.00~1] 0.00~1| 0.00~1 0.24~1
3my /4 0.00~1 0.00~1 0.00~1 |  0.00~1 0.00~1 0.00~1 |  0.00~1 | 0.00~1 0.00~1
TA 0.00~1 | 0.00~1 0.00~1 | 0.00~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1 0.00~1
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Table 3.2. The Percent Relative Efficiencies of 7, with respect to 7,
§=0.25, p=0.7, 1y, =0.05
. T, = 0.05 T, =0.10 mp =025
0 5 10 50 5 10 50 5 10 50
n—
Tp /20 781.49 517.00 | 139.45 | 449.61 | 261.55| 60.18 176.18 93.22 | 19.56
Ta /10 824.73 555.55 | 153.84 | 48537 | 286.08 | 66.77 193.86 | 103.18 | 21.76
Tp/8 847.22 576.15 | 161.86 | 504.63 | 299.56 | 70.47 203.67 | 108.76 | 23.00
Tpl4 968.06 693.96 | 21254 | 616.63 | 381.91 | 94.41 265.03 | 14448 | 31.15
Tp/2 1240.18 | 1012.49 | 410.12| 93634 | 661.83 | 197.83 49403 | 292.11 | 68.41
3Ty /4 1491.80 | 1397.30 | 92736 | 1359.16 | 1181.35 | 577.21 1025.86 | 754.95 | 242.55
Ta 1600.00 | 1600.00 | 1600.00 | 1600.00 | 1600.00 | 1600.00 1600.00 | 1600.00 | 1600.00
§=0.25, p=0.7, 1y =0.10
Tp /20 879.80 |  606.70 174.18 | 498.27 | 295.08 69.23 185.37 98.38 |  20.69
TA /10 92235 | 647.93 191.69 | 536.10 | 322.00 76.76 203.84 | 108.85 | 23.02
A /8 94426 |  669.77 20140 | 55637 | 336.73 80.98 21407 | 11471 | 2434
Tp /4 1059.46 | = 791.92 26221 | 672.80 | 42596 | 108.25 27795 | 15219 | 3295
Tp /2 1304.25 | 1100.78 489.66 | 992.25 | 719.10 | 224.56 513.81 | 306.04 | 7227
3my /4 1514.16 | 1437.07 1021.13 | 1387.53 | 1224.88 | 632.10 1046.78 | 777.83 | 254.57
TA 1600.00 | 1600.00 1600.00 | 1600.00 | 1600.00 | 1600.00 1600.00 | 1600.00 | 1600.00
5=0.25, p=0.7, my=0.40
Tp /20 1159.55 909.25 | 333.44 | 697.76 | 446.17 | 114.86 22922 | 12345| 26.31
Ta /10 1193.22 951.35 | 362.88| 740.56 | 481.77 | 126.93 25128 | 13635 | 29.26
Ta/8 1210.07 97295 | 37893 | 763.01 | 50096 | 133.67 26345 | 143.54 | 30.93
WIS 1293.72 1085.86 | 475.14 | 88597 | 612.59 | 176.62 33846 | 189.24 | 41.80
Tp /2 1447.67 1321.83 | 779.65| 1178.04 | 932.20 | 349.20 60227 | 37095 | 91.09
3mp /4 1558.99 1520.03 | 1266.77 | 1468.50 | 1356.97 | 844.12 113142 | 875.13 | 311.19
TA 1600.00 1600.00 | 1600.00 | 1600.00 | 1600.00 | 1600.00 1600.00 | 1600.00 | 1600.00
§=0.25, p=0.7, Ty=0.70

Tp /20 1260.88 104037 | 433.65| 805.19 | 537.96 | 147.18 255.88 | 139.06 | 29.89
Ta/10 1288.88 1079.05 | 468.67 | 84838 | 57723 | 162.28 27999 | 15342 | 33.23
A /8 1302.76 1098.65 | 487.56 | 870.79 | 598.17 | 170.68 29324 | 161.41 | 35.12
WINE 1370.29 119826 | 597.83 | 990.57 | 717.34 | 223.70 37436 | 21198 | 47.42
TN /2 1489.06 139251 | 916.89 | 1256.44 | 1034.34 | 42845 651.70 | 409.19 | 102.89
3Ty /4 1570.74 1542.54 | 1348.78 | 1497.62 | 1407.56 | 950.35 117321 |  926.17 | 344.99
Ta 1600.00 1600.00 | 1600.00 | 1600.00 | 1600.00 | 1600.00 1600.00 | 1600.00 | 1600.00
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Table 3.2 continued...

8=0.50, p=0.7, my=0.05

Ta /20 358.30 324.48 | 184.86 | 311.45| 255.01 104.09 |  210.75 143.07 40.08
ma/10 362.17 330.88 195.65 | 318.68 | 264.84 | 112.63| 221.49| 153.15 44.15
Ta/8 364.06 334.04 |  201.28 | 32227 | 269.84 | 11724 | 227.04| 15851 46.42
T /4 372.95 349.32 | 231.84| 33979 | 29534 | 14430 | 25646 | 188.74 60.64
Tp /2 387.51 375.77 | 30249 | 37080 | 34557 | 223.77| 32032 | 267.12 114.70
3mp /4 396.80 393.65 | 37017 | 39228 | 384.85| 33420 376.58| 355.75 246.63
Tp 400.00 400.00 |  400.00 |  400.00 |  400.00 | 400.00 | 400.00 |  400.00 400.00
8=0.50, p=0.7, Ty =0.10
Ta /20 366.65 33844 | 20947 | 321.11 | 26821 11571 | 21646 | 148.37 42.20
Ta/10 369.81 343.86 | 22022 | 32773 | 27759 124.80 |  227.14| 158.60 46.46
Ta/8 37135 346.52 | 22578 | 331.01 | 282327 129.69 | 232.65| 164.02 48.82
Tp /4 378.54 359.27 | 25528 | 34688 | 30622 | 158.02| 261.69| 194.46 63.64
Tp/2 390.17 380.81 | 31950 | 374.51 | 35208 | 238.02| 323.92| 272.15| . 119.44
3mp /4 397.50 395.02 | 37630 | 39331 | 386.84| 341.84| 37781 | 357.96 252.01
TA 400.00 400.00 |  400.00 |  400.00 | 400.00 |  400.00 |  400.00 |  400.00 400.00
=050, p=0.7, Ty =0.40
Ta /20 383.80 368.86 | 28128 | 349.75| 31072 | 164.15| 24032 | 171.75 52.32
5 /10 385.40 371.83 | 290.11 | 35431 | 317.99| 17471 | 25057 | 182.42 57.44
Ta/8 386.17 37327 | 294.54 | 356.54 | 321.60| 18028 | 255.80 | 188.02 60.27
WINE: 389.75 380.01 | 31669 | 367.13| 33924 | 211.03| 282.86| 218.78 77.80
Tpl2 395.38 390.86 | 358.13 | 384.69| 37051 | 286.13| 337.82| 29237 140.81
3mp /4 398.83 397.68 | 388.64 | 396.06 | 39220 | 363.80 | 382.40| 366.29 273.94
Tp 400.00 400.00 |  400.00 |  400.00 |  400.00 | 400.00 | 400.00 |  400.00 400.00
8=0.50, p=0.7, Ty=10.70
Tp /20 388.39 37744 | 30797 | 360.46 | 328.04| 190.77| 252.58| 184.56 58.51
T, /10 389.55 379.64 | 31540 | 364.15| 33420 | 201.57| 26250 | 195.34 64.12
Ty /8 390.11 380.70 | 319.10 | 36595 | 33724 | 20721 | 267.53| 200.98 67.21
Tp /4 392.69 385.63 | 337.19| 374.41| 351.89| 23759 | 29330 | 231.54 86.25
W 396.72 39349 | 36942 | 38821 | 377.09| 306.79 | 34433 | 30226 152.86
3mp /4 399.17 398.35 | 391.89| 39698 | 39401 | 371.76 | 384.46 | 370.08 284.86
T 400.00 400.00 |  400.00 |  400.00 | 400.00 | 400.00 |  400.00 |  400.00 400.00
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5=0.75, p=0.7, Ty=0.05

|

T /20 17551 | 17330 | 15742 17233 | 16721 | 135.10) 161.65 } 148.20 } 88.99 }
T, /10 17574 | 17375 | 15920 | 17288 | 16824| 13851] 163.07] 15077 [ 93.79
Tp/8 175.85 | 17396 | 16020 | 173.14| 168.73 | 14021 | 163.90 | 152.04 96.28
mp /4 176.36 | 17496 | 16452 | 17435| 171.04| 14853 | 16737 | 158.11 109.61
W 17714 | 17651 | 17163 | 17624 | 17472 | 16347 | 173.00 | 168.47 139.28
3mp /4 177.62 | 17746 | 17620 17739| 17700 | 17397| 17656 | 17535 | 166.29
A 17778 | 17778 | 17778 17778 | 17718 | 17118 171.78 \ 177.78 \ 177.78
5=0.75, p=0.7, 1y=0.10
5 /20 176.00 | 17426 | 16146 | 173.05| 168.57 | 139.65| 16247 | 149.59 91.54
T, /10 176.18 | 174.61 | 16299 | 173.53 | 16947 | 14279 163.92| 152.06 96.32
A /8 17627 | 17478 | 16374 | 173.75| 16991 | 14435| 164.62 | 153.28 98.80
WIS 176.66 | 17557 | 16724 | 17480 | 17193 | 151.93| 167.92| 159.09 112.01
Tp /2 17728 | 17679 | 17294 | 17644 | 17513 | 16528 | 17326 | 168.96 140.98
3y /4 177.65 | 177.53 | 17654 | 17744 | 177.11| 17448 | 176.63 | 175.49 166.89
A 177.78 | 17778 | 17778 | 17778 | 17778 | 177.78| 177.78 | 177.78 177.78
5=0.75, p=0.7, Ty=0.4
T /20 17695 | 17613 | 169.81 | 17498 | 17228 | 153.30| 165.55| 154.90 102.27
A /10 17703 | 17629 | 17060 | 17527 | 172.83| 15550 | 166.73 | 156.97 106.93
A /8 177.07 | 17637 | 17098 | 17540 | 173.09| 156.57| 167.30 | 157.99 109.31
WINE 17726 | 17674 | 17273 | 17603 | 17431 | 161.69| 169.96 | 162.80 121.75
Tp /2 17755 | 17732 | 17550 | 177.00 | 17622 | 17025| 17421 | 170.79 147.59
3my /4 17772 | 17766 | 17720 17758 | 17739 | 17583 | 176.87 | 175.98 169.13
A 177.78 | 17778 | 17778 | 17778 | 17778 | 17778 | 177.78 | 171.78 177.78
8=0.75, p=0.7, 1y=0.70
Ta /20 17719 | 17660 | 17206 | 17564 | 173.55| 15847 | 166.95| 157.37 107.84
Tp /10 17725 | 17672 | 172.63 | 17585 | 17397 | 16025 | 168.00 | 159.24 112.37
Tp/8 17728 | 176,78 | 17291 | 17596 | 17418 | 161.12| 168.51 | 160.16 114.68
Tpl4 17741 | 17704 | 17417 | 17644 | 17512 | 16523 | 170.87 | 164.48 126.60
/2 177.61 | 17745 | 176.16 | 17718 | 17659 | 17197 | 17464 | 17161 150.70
31y /4 17774 | 17770 | 17737| 17763 | 177.48| 17629 | 17698 | 176.20 170.14
A 17778 | 17778 | 17778 17778 | 17778 | 17778 | 17778 | 17778 177.78
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Table 3.2 continued...
8=0.90, p=0.7, 1y, =0.05
T /20 123.28 |  123.10 121.71 123.02 | 12260 | 11927 122.10 | 120.78 111.14
Tp /10 12330 | 123.14 121.89 |  123.07 | 12268 | 11969 | 12224 | 121.05 112.28
Tp/8 123.31 123.16 121.97 | 123.09 | 12273 | 119.89| 12231 121.18 112.84
WA 12335 | 123.24 12236 | 12319 | 12292 | 12081 122.61 121.77 115.48
Tp/2 123.41 123.36 12297 | 12334 | 12322 12227] 123.08| 12270 119.78
3mp /4 123.44 | 123.43 12333 | 12343 | 12340 | 12316 12336 | 123.27 122.52
TA 123.46 |  123.46 12346 | 12346 | 12346 | 12346 | 12346 | 123.46 123.46
8=0.90, p=0.7, 1y =0.10 : ’
T /20 12332 |  123.18 12209 | 123.08 | 12271 | 11982 12218 | 120.92 111.76
T, /10 12333 | 123.21 122221 12302 12279 | 120.19] 12231 121.18 112.85
Tp/8 12334 | 123.22 12229 | 12304 | 12282 | 12036 | 12237 | 121.30 113.39
Tp /4 123.37 | 123.28 122,60 | 12322 | 12299 | 121.17| 12266 | 121.87 115.89
Tp /2 123.42 |  123.38 123.07 | 12335 | 12325 | 12243 | 123.10| 122.74 119.98
3mp /4 123.45 123.44 123.36 | 123.43 12340 | 12320 12337 | 123.28 122.57
TA 123.46 | 123.46 12346 | 12346 | 12346 | 12346 | 12346 | 123.46 123.46
§=0.90, p=0.7, Ty =0.40
T, /20 12339 | 123.33 122.82 | 12324 | 123.02| 12131 12245| 121.46 114.10
Ta/10 123.40 | 12334 122.88 | 12326 | 123.06 | 12152 12255 | 121.67 114.99
Ty /8 123.40 | 123.35 122.91 12327 | 12309 | 121.63 | 12260 | 121.76 115.42
Tal4 123.42 | 123.38 123.06 | 12332 | 123.18| 122.11 122.83 |  122.21 117.45
Tp /2 123.44 | 123.42 12328 | 12340 | 12334 | 122.85| 123.18| 122.90 120.71
3my /4 123.45 |  123.45 123.41 12344 | 12343 | 12331 12339 | 123.32 122.76
Tp 123.46 | 123.46 12346 | 12346 | 12346 | 12346 | 12346 | 123.46 123.46
8=0.90, p=0.7, 1y, =0.70
T, /20 123.41 123.37 123.00 | 12329 | 123.12| 121.81| 12257 | 121.70 115.16
T, /10 123.42 | 123.38 123.05 | 12331 123.16 | 12197 | 122,66 | 121.88 115.96
Tp/8 12342 | 123.38 123.07 | 12332 | 12317 | 12205] 12271 121.97 116.34
N 123.43 | 123.40 123.17 | 12335| 123.25| 12242 12290 | 12236 118.15
Ty /2 123.44 | 123.43 123.33 | 12341 12336 | 123.00 | 123.21 122.97 121.04
3mp /4 123.45 | 123.45 123.43 | 12345 | 12343 | 12334 12340 | 12333 122.84
TA 123.46 | 123.46 123.46 | 12346 | 12346 | 12346 | 12346 | 123.46 123.46
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Table 3.3. The range of o for which the estimator 7 is better than Ta

a=025, p=0.7, my=0.05

7 =0.05 7, =0.10 T, =025
mo b n 5 55 50 5 " 50 5 5 50
5 /20 0.01~1 | 0.00~1 | 0.00~1 0.00~1 | 0.00~1 | 0.00~1] 0.00~1| 0.00~1 0.00~1
Tp /10 0.01~1 | 0.00~1 | 0.00~1 0.01~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1 0.00~1
Tp/8 0.01~1 | 0.00~1 | 0.00~1 0.01~1 | 0.00~1 | 0.00~1] 0.00~1| 0.00~1 0.00~1
T /4 0.01~1 | 0.00~1 | 0.00~1 0.01~1 | 0.00~1| 0.00~1| 0.01~1| 0.00~1 0.00~1
Tp/2 0.01~1 | 0.00~1 | 0.00~1 001~1 | 0.01~1] 0.00~1] 0.03~1| 0.02~1 0.02~1
3my /4 0.01~1 | 0.01~1 | 0.00~1 0.02~1 | 0.01~1| 0.01~1] 0.06~1| 0.05~1 0.04~1
TA 0.01~1 | 0.01~1| 0.00~1 002~1 | 0.02~1| 001~1| 0.09~1] 0.08~1 0.07~1
=025 p=0.7, Ty=0.10
Tp /20 001~1 | 0.00~1| 000~1] 001~1| 000~1| 0.00~1} 000~1| 0.00-1 0.00~1
5 /10 001~1 | 0.01~1| 000~1] 001~1| 000~1| 0.00~1} 000~1}| 0.00-1 0.00~1
Tp/8 001~1 | 0.01~1 | 000~1] 0.01~1| 000~1| 0.00~1| 001~1| 0.00~1 0.00~1
N 00i~1 | 0.01~1| 000~1] 001~1| 001~1| 0.00~1} 001~1| 0.00~1 0.00~1
WINK 001~1 | 0.01~1| 000~1] 002-1| 001~1| 0.00~1] 0.03~1} 0.02~] 0.01~1
3mp /4 002-1 | 001~1| 000~1] 002-1| 001~1| 0.01~1] 0.06~1| 005~ 0.04~1
Ta 002-1 | 001~1| 000~1] 003~1| 002~1| 001~1] 0.10~1] 0.08~I 0.07~1
a=0.25 p=0.7, ny= 0.40
Ty /20 004-1 | 0.02~1| 000~1] 004~1| 002~1| 000~1] 001~1} 0.00~1 0.00~1
A /10 0.04~1 | 0.02~1 | 0.00~1 0.04~1 | 0.02~1 | 0.00~1 0.02~1 | 0.00~1 0.00~1
Tp/8 0.04-1 | 0.02~1 | 0.00~1] 0.04~1| 002~1| 0.00~1] 002~1} 0.0~ 0.00~1
T /4 0.04-1 | 0.02~1| 000~1| 004~1| 002~1| 000~1] 0031} 001~ 0.00~1
a2 0.04-1 | 0.02~1 | 0.00~1] 005~1| 0.02~1| 001~1] 006~1| 003~ 0.01~1
3my /4 0.05~1 | 0.02~1 | 0.01~1 0.05-1 | 0.03~1| 0.01~1 0.09~1 | 0.06~1 0.04~1
Ta 0.05-1 | 003~1 | 0.01~1| 006~1| 0.04~1| 002~1] 0.13~1] 0.10-1 0.08~1
=025 p=0.7, 1y=0.70
Ty /20 0071 0.03~1| 000~1| 006-1| 003~1| 000~1| 003~1] 0.0~ 0.00~1
A /10 007-1 | 0.03~1| 000~1| 006-1| 003~1| 000~1} 003~1}] 0001 0.00~1
Tp/8 0071 | 0.03~1| 001~1| 006-11 0.03~1| 000~1] 004~1] 0.00-1 0.00~1
LING 007-1 | 0.03~1| 001~1] 006~1| 0.03~1| 0.00~1] 0.05-1| 0.01~] 0.00~1
Tp/2 0.07-1 | 003~1| 001~1] 007-1| 0.04~1| 001~1] 0.08-1| 0.04~I 0.01~1
3my /4 007-1 | 004~1 | 001~1] 008<1| 004~1| 001~1} 011~1| 007~ 0.04~1
TA 007-1 | 004-1| 001~1] 008~1| 005~1| 002~1] 0.15-1] 0.1~ 0.08~1

g ol it



SHRINKAGE ESTIMATION OF PROPORTION OF POPULATION

Table 3.3 continued...
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a=0.50, p=0.7, Ty =0.05

Tp /20 0.01~1 | 0.00~1| 0.00~1| 0.00~1| 0.00~1| 0.00~1]| 0.00~1| 0.00~1 0.00~1
TA /10 0.01~1 | 0.00~1| 0.00~1| 0.01~1 | 0.00~1| 0.00~1 | 0.00~1| 0.00~I 0.00~1
NG 0.01~1| 000~1| 0.00~1}| 0.01~1| 0.00~1] 0.00~1| 0.00~1| 0.00~1 0.00~1
WINE 0.01~1 | 0.00~1| 000~1| 0.01~1| 0.00~1]| 0.00~1 | 0.01~1| 0.00~1 0.00~1
Tp /2 0.01~1 | 0.00~1| 000~1]| 001~1| 0.01~1| 0.00~1] 0.02~1| 0.01~1 0.00~1
3my /4 0.01~1| 001~1| 0.00~1| 0.02~1| 0.01~1| 0.00~1 | 0.05~1| 0.03~1 0.02~1
Tp 0.01~1 | 001~1| 000~1| 002~1| 0.01~1| 0.01~1] 0.07~1| 0.05~1 0.04~1
a=0.50, p=0.7, 7y =0.10 :
Tp /20 0.01~1 | 000~1| 000~1| 0.01~1| 0.00~1| 000~1]| 0.00~1| 0.00~1 0.00~1
A /10 0.01~1 | 0.01~1| 0.00~1| 0.01~1| 0.00~1| 0.00~1 | 0.00~1| 0.00~1 0.00~1
Tp/8 0.01~1 | 0.01~1| 000~1| 0.01~1| 000~1| 0.00~1]| 000~1| 0.00~1 0.00~1
WINE 0.01~1 | 001~1| 000~1| 001~1| 0.01~1| 0.00~1] 0.0I~1| 0.00~1 0.00~1
Tp /2 0.02~1| 001~1| 0.00~1| 0.02~1| 0.01~1| 0.00~1| 003~1| 0.02~1 0.00~1
3mp /4 0.02~1| 001~1| 0.00~1| 002~1]| 0.01~1 | 0.00~1] 0.05~1| 0.03~I 0.02~1
T 0.02~1| 001~1] 0.00~1]| 003~1] 0.02~1| 001~1] 0.07~1| 0.05~1 0.04~1
a=0.50, p=0.7, ty=0.40
Ty /20 0.04~1 | 0.02~1| 0.00~1| 004~1| 0.02~1| 0.00~1] 0.01~1| 0.00~1 0.00~1
TA /10 0.04~1 | 002~1| 0.00~1| 004~1| 0.02~1 | 0.00~1] 0.02~1 | 0.00~1 0.00~1
T /8 0.04~1 | 002~1| 0.00~1| 0.04~1| 0.02~1| 0.00~1| 0.02~1| 0.00~1 0.00~1
INE 0.04~1| 002~1| 0.00~1| 004~1| 0.02~1 | 0.00~1] 0.03~1| 0.01~1 0.00~1
TpA/2 0.05~1| 0.02~1| 0.00~1| 005~1| 0.02~1| 000~1] 0.05~1| 0.03~1 0.00~1
3mp /4 0.05~1 0.02~1 | 0.01~1| 005~1| 0.03~1| 001~ | 0.08~1| 0.05~I 0.02~1
TA 0.05~1| 003~1| 001~1]| 006~1| 0.03~1| 001~1] 0.10~1 | 0.06~1 0.04~1
a=0.50, p=0.7, 7y =0.70
T /20 0.07~1| 0.03~1| 0.00~1| 0.06~1| 0.03~1| 0.00~1] 0.03~1| 0.00~1 0.00~1
T, /10 0.07~1| 0.03~1| 0.00~1| 006~1| 0.03~1| 0.00~1] 0.03~1 | 0.00~1 0.00~1
Ty /8 007~1| 003~1| 001~1| 0.06~1| 0.03~1| 0.00~1] 0.04~1| 0.00~1 0.00~1
WINE 0.07~1| 0.03~1| 001~1| 007-1| 0.03~1| 0.00~1] 0.05~1 | 0.01~1 0.00~1
Tp/2 007~1| 003~1| 001~1] 007~1| 0.03~1| 001~1)] 0.07~1| 0.03~1 0.00~1
3mp /4 0.07-1| 0.04~1| 001~1]| 0.08~1| 0.04~1| 0.01~1 ) 0.10~1 | 0.06~1 0.02~1
TA 007~1 | 004~1| 001~1| 0.08~1| 0.04~1| 001~1| 0.12~1| 0.07~1 0.04~1
TA 0.09~1| 0.05~1| 001~1] 0.10~1| 0.05~1| 0.01~1 | 0.13~1| 0.08~1 0.04~1
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Table 3.3 continued...

a=0.75, p=0.7, Ty =0.05
Ta /20 0.01~1 | 0.00~1 | 0.00~1| 0.01~1| 0.00~1| 0.00~1] 0.00~1 | 0.00~1 0.00~1
Ta/10 0.01~1 | 0.00~1| 0.00~1] 0.01~1] 0.00~1| 0.00~1! 0.00~1| 0.00~1 0.00~1
Tp/8 0.01~1 | 0.00~1 | 0.00~1| 0.01~1| 0.00~1| 0.00~1] 0.00~1| 0.00~1 0.00~1
T /4 0.01~1 | 0.00~1 | 0.00~1| 0.01~1] 0.00~1| 0.00~1] 0.01~1 | 0.00~1 0.00~1
Tal2 0.01~1 | 0.01~1| 0.00~1| 002~1| 0.01~1| 0.00~1} 0.02~1| 0.01~1 0.00~1
3mp /4 0.01~1 | 0.01~1| 000~1| 0.02~1| 0.01~1| 000~1| 0.04~1| 0.02~1 0.01~1
Ta 0.02~1 | 0.01~1| 0.00~1] 0.03~1] 0.01~1| 0.00~1| 006~ | 0.03~I 0.01~1
=075, p=0.7, 1y =0.10
T /20 0.01~1 | 0.01~1| 000~1] 0.01~1| 0.0~1| 0.00~1| 0.00~1]| 0.00~1 0.00~1
ma/10 0.01~1 | 0.01~1| 0.00~1| 0.01~1| 0.00~1| 000~1]| 0.00~1 | 0.00~1 0.00~1
Ta/8 0.01~1 | 0.01~1| 000~1]| 001~1| 0.00~1| 0.00~1 | 0.01~1| 0.00~1 0.00~1
Tp /4 0.01~1 | 0.01~1| 0.00~1| 0.01~1| 001~1| 0.00~1 ] 0.01~1| 0.00~1 0.00~1
Tp/2 0.02~1 | 0.01~1 | 0.00~1| 0.02~1| 0.01~1| 0.00~1| 003~1| 0.01~1 0.00~1
3mp /4 0.02~1 | 0.01~1| 0.00~1] 0.03~1| 0.01~1| 0.00~1] 0.05~1| 0.02~1 0.01~1
Ta 0.02~1| 001~1| 000~1] 003~1]| 002~1| 000~1] 006~1| 0.04~1 0.01~1
=075, p=0.7, ny=0.4
5 /20 0.04~1 | 0.02~1 | 0.00~1| 0.04~1| 0.02~1| 0.00~1| 0.02~1| 0.00~1 0.00~1
Ta/10 0.04~1 | 0.02~1| 000~1| 0.04~1| 0.02~1| 0.00~1] 0.02~1| 0.00~1 0.00~1
mpl8 0.04~1 | 0.02~1 | 0.00~1| 0.04~1| 0.02~1| 000~1] 0.02~1| 0.00~1 0.00~1
WINE 0.04~1 | 0.02~1| 0.00~1| 004~1| 0.02~1| 000~1] 0.03~1| 0.01~1 0.00~1
Tpl2 0.05~1 | 0.02~1| 0.00~1| 0.05~1| 0.02~1| 0.00~1] 005~1| 0.02~1 0.00~1
3mp/4 0.05~1 | 0.02~1 | 000~1| 0.05~1| 0.03~1| 001~1| 0.07~1] 0.04~I 0.01~1
TA 0.05~1 | 0.03~1| 001~1| 0.06~1| 0.03~1| 0.01~1| 008~1| 0.05~1 0.02~1
a=0.75, p=0.7, ny=0.70
Tp /20 0.07~1 | 0.03~1 | 0.00~1| 0.06~1| 0.03~1| 0.00~1] 0.03~1| 0.00~1 0.00~1
T, /10 0.07~1 | 0.03~1| 001~1} 0.06~1| 0.03~1| 0.00~1| 0.03~1| 0.00~1 0.00~1
Tp/8 007~1 | 0.03~1| 001~1| 0.06~1| 0.03~1| 000~1] 0.04~1| 0.00~1 0.00~1
mal4 0.07~1 | 0.03~1| 001~1| 0.07-1| 0.03~1| 000~1| 0.05~1| 0.01~1 0.00~1
a2 0.07~1| 0.03~1| 001~1| 0.07~1| 0.03~1| 001~1| 007~1| 0.03~1 0.00~1
3mp/4 0.07~1| 0.04~1 | 001~1]| 0.08~1| 0.04~1| 0.01~1| 0.09~1 | 0.04~1 0.01~1
Ta 0.07~1 | 0.04~1| 001~1| 0.08~1| 0.04~1| 001~1] 0.10~1| 0.05~1 0.02~1
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a=0.90, p=0.7, Ty =0.05
Tp /20 0.01~1 | 0.00~1 | 0.00~1| 0.01~1| 0.00~1 | 0.00~1} 0.00~1| 0.00~1 0.00~1
Tp /10 0.01~1 0.00~1 | 0.00~1 | 0.01~1 | 0.00~1 | 0.00~1] 0.00~1 | 0.00~1 0.00~1
Tp/8 0.01~1 | 0.00~1 | 000~1 | 001~14 0.00~1| 0.00~1 | 0.00~1 | 0.00~1 0.00~1
mal4 0.01~1 | 0.00~1| 000~1| 001~1| 0.00~1| 0.00~1| 0.01~1| 0.00~1 0.00~1
Tp /2 0.01~1 | 001~1| 0.00~1 | 0.02~1| 001~1]| 0.00~1 | 0.03~1| 0.01~1 0.00~1
3my /4 0.02~1 | 001~1| 0.00~1 | 0.02~1| 001~1| 0.00~1 | 0.04~1| 0.02~1 0.00~1
Tp 0.02~1 | 0.01~1| 0.00~1| 003~1| 0.01~1| 0.00~1| 0.06~1| 0.03~1 0.01~1
=090, p=0.7, Ty =0.10
5 /20 0.01~1 | 0.01~1| 0.00~1| 0.01~1 | 0.00~1 | 0.00~1| 0.00~1| 0.00~1 0.00~1
ma/10 10.01~1|  0.01~1| 0.00~1| 001~1] 000~1| 0.00~1| 0.00~1| 0.00~I 0.00~1
mA/8 0.01~1 | 0.01~1| 000~1| 0.01~1| 0.00~1 | 0.00~1| 0.01~1| 0.00~1 0.00~1
T /4 0.01~1 | 0.01~1| 000~1| 002~1| 0.01~1| 0.00~1] 0.01~1| 0.00~1 0.00~1
Tpl2 0.02~1| 001~1| 0.00~1| 0.02~1| 0.01~1| 0.00~1] 0.03~1| 0.01~] 0.00~1
3mp /4 0.02~1 | 0.01~1 | 000~1| 0.03~1| 0.01~1| 0.00~1] 0.05~1| 0.02~1 0.00~1
TA 0.02~1 | 0.01~1| 000~1| 003~1| 0.02~1| 0.00~1] 0.06~1| 0.03~1 0.01~1
=090, p=0.7, Ty =0.40
Ty /20 0.04~1 | 0.02~1| 000~1| 0.04~1| 002~1| 0.00~1| 0.02~1| 0.00~I 0.00~1
T, /10 0.04~1 | 002~1| 0.00~1! 0.04~1| 002~1| 0.00~1| 0.02~1| 0.00~1 0.00~1
Tp/8 0.04~1| 002~1| 0.00~1| 004~1| 0.02~1| 0.00~1| 0.02~1| 0.00~I 0.00~1
WINE 0.04~1 | 0.02~1| 000~1| 004~1| 0.02~1| 0.00~1] 0.03~1| 0.00~1 0.00~1
Tp /2 0.05~1 | 0.02~1| 000~1]| 005~1| 0.02~1]| 0.00~1] 0.05~1| 0.02~1 0.00~1
3mp /4 0.05~1 | 0.02~1| 000~1] 0.06~1| 003~1| 00I~1} 0.07~1| 0.03~1 0.00~1
TA 0.05~1 | 0.03~1| 001~1| 006~1| 0.03~1]| 0.01~1] 0.08~1| 0.04~1 0.01~1
a=0.90, p=0.7, ny=0.70
Ty /20 007~1 | 0.03~1| 0.00~1| 0.06~1| 0.03~1| 0.00~1] 0.03~1| 0.00~1 0.00~1
5 /10 0.07-1| 0.03~1| 0.01~1| 006~1| 0.03~1| 0.00~1] 0.03~1 | 0.00~I 0.00~1
Tp/8 0.07-1| 003~1| 001~1| 006~1| 0.03~1| 0.00~1] 0.04~1| 0.00~1 0.00~1
Tal4 007~1 | 003~1| 001~1| 0.07-1| 0.03~1| 0.00~1| 005~1| 0.01~I 0.00~1
WING 007~1 | 004~1 | 001~1| 0.07~1| 0.04~1| 0.01~1 | 007~1| 0.03~1 0.00~1
3my /4 0.07~1| 0.04~1| 001~1| 008~1| 0.04~1 | 001~1] 0.09~1 | 0.04~1 0.01~1
o 007~1 | 0.04~1| 001~1| 0.08~1| 0.04~1| 001~1| 0.10~1 | 0.05~1 0.01~1




