Journal of Modern Applied Statistical
Methods

Volume 9 | Issue 2 Article 10

11-1-2010

Use of Two Variables Having Common Mean to
Improve the Bar-Lev, Bobovitch and Boukai
Randomized Response Model

Oluseun Odumade

Educational Testing Service, Princeton, New Jersey, oluseunodumade@yahoo.com

Sarjinder Singh
Texas A&M University, sarjinder@yahoo.com

b Part of the Applied Statistics Commons, Social and Behavioral Sciences Commons, and the
Statistical Theory Commons

Recommended Citation

Odumade, Oluseun and Singh, Sarjinder (2010) "Use of Two Variables Having Common Mean to Improve the Bar-Lev, Bobovitch
and Boukai Randomized Response Model," Journal of Modern Applied Statistical Methods: Vol. 9 : Iss. 2, Article 10.
DOI: 10.22237/jmasm/ 1288584540


http://digitalcommons.wayne.edu/jmasm?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wayne.edu/jmasm?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wayne.edu/jmasm/vol9?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wayne.edu/jmasm/vol9/iss2?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wayne.edu/jmasm/vol9/iss2/10?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/209?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/316?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/214?utm_source=digitalcommons.wayne.edu%2Fjmasm%2Fvol9%2Fiss2%2F10&utm_medium=PDF&utm_campaign=PDFCoverPages

Journal of Modern Applied Statistical Methods
November 2010, Vol. 9, No. 2, 414-442

Copyright © 2010 IMASM, Inc.
1538 — 9472/10/$95.00

Use of Two Variables Having Common Mean to Improve the Bar-Lev,
Bobovitch and Boukai Randomized Response Model

Oluseun Odumade

Educational Testing Service,

Princeton, New Jersey

Sarjinder Singh
Texas A&M University,
Kingsville

A new method to improve the randomized response model due to Bar-Lev, Bobovitch and Boukai (2004)
is suggested. It has been observed that if two sensitive (or non sensitive) variables exist that are related to
the main study sensitive variable, then those variables could be used to construct ratio type adjustments to
the usual estimator of the population mean of a sensitive variable due to Bar-Lev, Bobovitch and Boukai
(2004).The relative efficiency of the proposed estimators is studied with respect to the Bar-Lev,
Bobovitch and Boukai (2004) models under different situations.
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variable.

Introduction
The problem of estimating the population total
of a sensitive quantitative variable is well known
in survey sampling. Warner (1965) was the first
to suggest a method to estimate the proportion of
sensitive characters (e.g., induced abortions,
drugs used) via use of a randomization device
such as a deck of cards or a spinner such that
respondents’ privacy would be protected (Tracy
and Mangat (1996) presented a rich description
of the literature). Mangat and Singh (1990)
proposed a two-stage randomized response
model. Leysieffer and Warner (1976) and Lanke
(1975, 1976) studied different randomized
response procedures at equal levels of protection
of the respondents; later Nayak (1994),
Bhargava (1996), Zou (1997), Bhargava and
Singh (2001, 2002) and Moors (1997) found that
the Mangat and Singh (1990) and Warner (1965)
models remain equally efficient at equivalent
protection; however, this result is not true for all
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randomized response models (Bhargava, 1996;
Bhargava & Singh, 2002). Singh (2003) shows
that the Mangat (1994) model remains more
efficient than the Warner (1965) model at equal
protection: note that the Mangat (1994) model is
a special case of the Kuk (1990) model, which is
further improved and studied by Gjestvang and
Singh (2006). A two stage model developed by
Mangat and Singh (1990) was studied by both
Kim and Elam (2005) and Kim and Warde
(2005). Eichorn and Hayre (1983) suggested a
multiplicative model to collect information on
sensitive quantitative variables such as, income,
tax evasion or amounts of drugs used; this model
was further studied by Arnab (1995, 1996).
According to Eichorn and Hayre (1983), each
respondent in the sample is requested to report a

scrambled response Z, =SY,, where Y, is the

real value of the sensitive quantitative variable,
and S is the scrambling variable whose
distribution is assumed to be known. Thus,

E, (S)=86 and V.(S)=7" are assumed to be
known and positive, therefore, an estimator of

the population mean Y =N712K under
i€Q

simple random with replacement (SRSWR)

sampling is given by:

_ 1< Z.
=—» =L 1.1
YEn n;@ (1.1)
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with variance

V(yEH):%O'§+%C72,72(I+C§) (1.2)
where
C:=7/6*,Y=Y/N
and
Cy= y/ v,
In a randomized response model

recently developed by Bar-Lev, Bobovitch and
Boukai (2004) (hereafter referred to as the BBB
model), the distribution of the responses is given
by:

(1.3)

i

_|Y.S with probability (1-p)
Y. with probability p

Thus, each respondent is requested to rotate a
spinner unobserved by the interviewer, if the
spinner stops in the shaded area, the respondent
is requested to report the real response on the

sensitive variable, Y, ; if the spinner stops in the
non-shaded area, the respondent is requested to
report the scrambled response, Y., where S is
any scrambling variable with a known
distribution. Assume that E(S)=80

V(S ) = ;/2 are known. Let p be the proportion

and

Figure 1: BBB Randomized Response Device

Spinner Corresponding to BBB Model

Scrambled Real
Response Response
YiS Yi

OReal Response  OScrambled Response
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of the shaded area of the spinner and (1 - p) be

the non-shaded area of the spinner as shown in
Figure 1.

An unbiased estimator of population
mean Y is given by:

1

— 37, (14
-poip it Y

YBBB =

with variance under SRSWR sampling given by:

v2
V[7gggl =Y7[C§ +(1+C)Ca1 (1.5)

where
_(1=p)B*(A+Cy)+p

C2
[(1- p)6+ pl?

p

~1. (1.6)

Notations

Let )_(li:)_(Zi:)? be two auxiliary
sensitive variables that have a common mean
(Tripathi & Chaubey, 1992), and let Y; be the

sensitive variable under study whose mean is to
be estimated. Consider a simple random sample
of n respondents selected with replacement
(SRSWR), where each respondent selected in
the sample is requested to rotate three spinners
(see Figure 2).

The first spinner is used to collect
scrambled response Z; on the real study variable

Y; with the distribution of responses as:

Y, with probabili
Z,= OB Py
Y,S with probability (1- p)
where the value of p is assumed to be known.

The second spinner is used to collect scrambled
response Z;; on the first auxiliary sensitive

variable X,; with the distribution of responses
as:

with probability p,

X
Z,=| " . (22)
S,X,, with probability (1- p,)
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Figure 2: Three Spinners

Scrambled Real Response | Scrambled Response Real Scrambled Response Real
Response Zi=Y; |Zi= XS, Response | Zy; = XS, Response
Z;=Y;S Zyi= Zy=
Xii Xoi
Spinner-1 Spinner-11 Spinner-I1I
where the value of p; is assumed to be known. 1 .
. . . ! E(EZ)Z_—V(_)/ )——|:C2+<1+C2)C2:|,
The third spinner is used to collect scrambled y? nL v

response Z,; on the second auxiliary sensitive
variable X, with the distribution of responses

as:

X,
7. = 2i
z [SZX% with probability (1-p,)

ith babilit
with probability p, 2.3)

where the value of p, is assumed to be known.

Assume that the sample means of the
scrambled responses obtained from the
respondents in the sample Z;, Z;; and Z,; are

given by:

and

) y Xy
Defi :T_l 527—1 =
efining € 7 b ¥ n Y
such that E(€)=E(8)=E(1)=0, it can be

shown that

416

_ 1
HE O - pellnrt-ma]

B 1
E(e 77) - I’l[p + (1 _p)e][pz + (1 Z )Hz]przcyCXZ

and

E(é‘ﬂ): 1 leXZCx] sz
n[pl + (1 — P )91 ][pz + (1 - D )92]

where

E(Z)=pY,+(1-p)6 =[p+(1-p)ely,.

Vixy)= 0')2(1 V(Xy)= 0352 :

Cg_ﬂ—pwm+cﬁ+p

" (1t-pl+p) -
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. _(=p)er+c; )+ p,
" ((1 - P )01 + P )2

-1,

2 _ (l—p2)95(1+ Ci )+p2
" ((l_pz )62 +p, )2

-1,

Proposed Ratio-Type Estimator
A ratio estimator is defined as:

—%
e e X
yRatio =Yy —x |

X,

v =Y(l+e),

3.1)

Note that:

X =X(1+0)
and
X, =X(1+7),

thus, the ratio estimator (3.1) can be written in
terms of €, ¢ and 7 as:

417

X (1+9)
X (1+n)

J_};atio = 7(1+€)

Y|l+e+5-n+n'+e-en-on+...|
(3.2)

From this, the following theorems result.

Theorem 3.1
The bias in the proposed ratio estimator

_* . .
YRatio 18 given by

B(y;alia ) =

%
;[cjz +(1+c2)c,

1
+ ccC
[p+(1—p)9][p1+(1—p1)91]p”“ r

1
- cC
[p+(1-p)0][ 2 +(1-p)6, ] 7
1

- XXCx X
(7 +(=p)8 [ 7 +(1=p,) 6, ]
(3.3)

Theorem 3.1: Proof
Taking the expected value on both sides
of (3.2) results in:
. _|1+0+0-0+E(n°)+E(e 5)
E (yRatio) = Y ( )
—-E(en)-E(on)+....

Thus the bias in the proposed ratio estimator

% .
YRatio 18 given by:

|
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B

—

Frano)
(y;atio ) -Y
Y[ E(n’)+E(€8)-E(en)-E£(n)]

&

[cjz +(1+c2)c?

3 |~

1
+[p+(1—p)6’][pl+(1—p1)91]pm'cycx'

1
[p+(-p)6][p, +(1—p2)92]p%cycvz

1
- cC
[p1+(1_p1)81:||:p2+(1_p2)82:|pX1X2 5 Xz}

Thus, Theorem 3.1 is proved.

Theorem 3.2
The mean squared error of the proposed

. . —* . .
ratio estimator yp,si, 1S given by

MSE (Vo ) =
)72 2 2 2 2
7[@ +1+C?)C? +C?

+(1+Cj})Cj{ +C; +(1+CV32)C;2

L 2,0Y£(1_Cnyl ]
p+(1-p)8 || p,+(1-p)E |
_ A
[p+(1—p)9][p2 +(1_p2)02]
2p,x,C,C,,

[p+(1-p)6][ P, +(1-p,)6, ]

Theorem 3.2: Proof
The mean squared error of the ratio

. —* . .
estimator Y.z, 1S given by

418

MSE (s,

:E|:)_/;atio _Y:I
=V’E[e +6-7]

:YZE{€2+52+772 }

+2e d-2en-20n

=Y72[cj+(1+cj)cj+cjl

+(1+C2)C +CE+(1+C1)C

+ 2’pYX]C‘yC‘xl
[ p+(1-p)6] P +(1-p)6 ]
2pYX2CyC

L)

_[p+(1_P)‘9][pz +(1—p2)92]
~ 2Py x,C €,
l:pl +(1—p1)91][p2 +(1—p2)672:|

thus proving Theorem 3.2.

Efficiency of the Proposed Ratio Estimator

The proposed ratio estimator y;atio will
be more efficient than the BBB model if

V)<V o) G1D)
Using (1.5) and (3.4), results in:
C.+(1+C)C +CL +(1+CL)C
being less than (<)

2py,C,C

[p+(1=p)0][ P, +(1-1,)6, ]
2pyx,CC,,

+[p1 +(1—p1)6’1}[p2 +(1—p2)l92]
2,01,XICnyI

[p+(-p)e][pn+(1-p)6]

(3.1.2)
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In order to see the magnitude of the proposed

ratio estimator f;aﬁo with respect to the BBB

model the
computed as:

percent relative efficiency is

_ % V(v
RE(YBBB> VRatio) = LEB) x100%
MSEG’Ratio)
(3.1.3)

The relative efficiency of the ratio estimator
depends on a few parameters such as P, A, P,,
Cy,Cy.Cr,CpCy, Cpy 6,0, and 0,.
The percent relative efficiency (RE) is free from
the sample size » and main parameter of
interest Y . Fortran programs were developed in
order to find the values of the parameters C,

Cxl’ sz’ C7’ C71’ C7’2’ Pyxi» Pyxy» Pxpxy
6, 6, and 6, by holding P, P, and P, equal
to 0.7 such that the percent RE remains greater
than 200%. (Detailed results are shown in Table
3.1 in the Appendix.)

Values of C,, C,, Cy,, Cp, Cp,

and C, were changed between 0.1 and 0.5
with a step of 0.2, and the values ¢, 6; and 6,

were changed between 0 and 1 with a step of
0.5. It was observed that selecting larger values
for 6, 6, and 6, may lead to inefficient results,
thus the choice of these values is critical when
using the proposed ratio method in practice.

Table 3.2: Descriptive Statistics of
the Percent Relative Efficiency

Mean 289.9
Standard Error 2.9
Median 270.0
Standard Deviation 77.4
Sample Variance 5994.6
Kurtosis -0.1
Skewness 0.9
Range 298.9
Minimum 200.9
Maximum 499.8
Count 724
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The values of p,, and p,, were

changed between 0.1 and 0.9 with a step of 0.2,
and p yx, Was changed between —0.9 to +0.9

with a step of 0.2. The average percent relative
efficiency was 289.9% with a standard deviation
of 77.4, median of 270.0%, minimum of 200.9%
and maximum of 499.8% (see Table 3.2). It was
observed that 724 cases exist in which the RE of
the proposed ratio estimator remained between
200.9% and 499.8%.

Proposed Power Transformation Type Estimator

By following the repeated substitution
method developed by Garcia and Cebrian
(1996), consider a new power transformation

. . _*
ratio type estimator Yy p,, e as:

* \&
_* _* )?1
YPower =V | T«

X2

4.1

where ¢ is a suitably chosen real constant. For
example if a =0 then the proposed power

. : : _*
transformation ratio type estimator Yp,,er
reduces to the BBB estimator ypps. If o =1
then the proposed power transformation ratio
. —>k .
type estimator Vp,,.- reduces to the ratio
. %
estimator Y g0 -
Note that the proposed transformation

. _* .
type estimator yp,,,., in terms of €, § and 7
can be written as:

{step 4 assumes that ‘5—77+ 5% - 577+....‘ <1}
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_ 2
:)7(1+e){1+a(5 n)+a§}
—aon+...
_[1+e+a(5-n)+a*8
—y| ¢ (6-n)+a (4.2)
—aon+a(e o-en)+..
_}7_1+e+05(5—77)+05252
—adn+aed—-aen+..

This leads to two additional theorems.

Theorem 4.1
The bias in

. . . _* .
transformation ratio type estimator Ypg,e- 1S

the proposed power

given by:

B(Vpoer ) =

¥
;[az{Cfl +(1+c2)cz}

IOXIX2 Cxl sz

—“{[pl +(1-p,)6 ][ p,+(1-p,)6, ]

B Pr,C,C,
[p+(l—p)9][pl +(1—p1)91]
P, C,C

Yy %

+|:P+(1—P)0:|[P2 +(1_p2)02]}]

4.3)

Min.MSE (¥,,,..) =

1

Theorem 4.1: Proof
Taking expected value on both sides of
(4.2), and using

B(Vroner ) = E (Frower )= ¥
results in

B(Fpoer ) =

Y
~[a{ci+(1+c)c) )

IOXlXZ Cxl sz

_a{[ﬂ +(1—p1)91]|:p2+(1—p2)92]

Py, C,C

Yy N

_l:p+(1_p)9:|[pl +(1_P1)91}

pYXz Cy sz

+[p+(1—p)9:|[p2 +(1_p2)92:|}]

Theorem 4.2
The minimum mean squared error of the
proposed power transformation ratio type

estimator f;ower is given by formula (4.4) as
shown below.

Theorem 4.2: Proof
By the definition of mean squared error,

)72

[p+(l—p)¢9]2

{ IOYXI yx _ pYXz YT }2
[P +(1-p)6] [p,+(1-p,)6,]

— C;+(1+C)Ci -

X

C.+(1+Ci)C; +C. +(1+CL)C:

_ 2pxx,C, C,,
[ p+(1-p)6 ][ p.+(1-,)6, ]

*2

420

(4.4)
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_ _* 146% )
. . ) RE(YBBB: YPower) = # x100%
MSE (yPower ) = E I:yPower - Y} MSE@POWGI‘)

~7*Ele +a(d-n)] D

T, 5 5 2 Again the RE of the power transformation
—Y2E € ta ( —77) estimator depends on parameters such as P, A,
| 20e(0-n) Py, Cy, Cy s Cy,, Cpy €y, €y, 0, 6y and
_ (2 1o ( 52 4n -2 577) 6, ; the percent RE is free from the sample siEe
=Y'E n and main parameter of interest Y.
_+20‘(G o-en) FORTRAN programs were developed in order
y2 to determine the values of the parameters C,,,

=—[c+(1+c)C g

oL )= c..C.,C,,C,,C,,p P yo,
12 TX22 Ty TN T2 Pyxg Fyxpe Fxxp e
Cf +(1+C§ )C]ZJ +Cj +<1+Cj )C; 6, 6 and 6, by holding P, A, and P equal
S0 O ’ *7 ™1 to 0.7 such that the percent RE remains higher
to D Pxx,C.C,, than 200% (see Table 4.1 in the Appendix for
+(1=p.)6 +(1-p.)0 results).
[pl ( pl) 1][172 ( pZ) 2] The values of Cy, C., C., Cy,
C C - 1 2

Prx, ©C CY], and C},2 were changed between 0.1 and

D [p+(l—p)9][p1 +(1_p1)91:| 0.5 with a step of 0.2, and the values of ¢, 6,
P, C,C, and 6, were changed between 0 and 1 with a
I:p + (1 —p) e:l [p2 + (1_ », ) 92] | step of 0.5. It was observed that larger values of

0, 6, and 6, may lead to slightly less efficient
results, thus the choice of these values is critical

(4.5) when using the proposed power method in
] o . practice.
Differentiating (4.5) with respect to « and
setting it equal to zero the optimum value of &
as shown in Formula 4.6, results in the minimum Table 4.2: Descript'ive Stati§tics of the
MSE of y; oy 85 given by (4.4). Percenl‘i/I Relative Efﬁc1er1203y3 —
Baseiilk on these, it is clear that the Stan da:c?;irror 7'3'3
proposed  Vpoyer €Stimator remains more Median 215.47
efficient than y gpp for any choice of parameters Standard Deviation 47.53
in the proposed spinners or the design based Sample Variance 2258.76
parameters. Kurtosis 4.65
Methodology Skewness 2.34
Relative Efficiency of the Power Transformation Range 178.60
Type Estimator with Respect to the BBB Model Minimum 200.61
In order to determine the magnitude of Maximum 379.21
the proposed power transformation type Count 42

. _* .
estimator Y p,,.- With respect to the BBB

model the percent RE was computed as: The values of Py, an d Py, Were changed

between 0.1 and 0.9 with a step of 0.2, and p

421
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1 { P CC. PuCC, }
o= [p+(1_p)0] [p1+(1_p1)91] [p2+(1—p2)92]
C++C)c? +C2 +(1+C2 ) - 2P oG
1 e ’ S [p1+(1—p1)¢91][p2+(1—p2)92]
(4.6)
MSE (V3,0 ) =
, -
1 { IOYXI y Ty _ pYXz Y X, }
Yo 2\ 2 [p+(1—p)9]2 |:p1+(1—p1)91:| [p2+(1_p2)62]
—|Cl+(1+C})Co -
n . e 2 2\ 2 2 2\ 2 2pyx,C.C,
CX+(1+CX)Cp +C; +(1+CX) T e
l I I ’ ’ ’ |:pl+(1_p1)01:||:p2+(1_p2)02:|
was changed between 0.1 to +0.9 with a step of References
0.2. The average percent relative efficiency was Arnab, R. (1995). On admissibility and
233.5% with a standard deviation of 47.53, a optimality of sampling strategies in randomized
median of 215.47%, minimum of 200.16% and response surveys. Sankhya , B57, 385-390.
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1.56 and +1.56 with a mean equal to zero, Boukai, B. (2004). A note on randomized
standard deviation of 0.93 and mode of 0.49. response models for quantitative data. Metrika,
255-260.
Bhargava, M. (1996). An investigation
Conclusion into the efficiencies of certain randomized
In this study new ratio and power transformation response strategies. Unpublished Ph.D. thesis
type estimators were proposed and compared to submitted to Punjab Agricultural University,
the recently described BBB randomized Ludhiana, India.
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Appendix
Table 3.1: Relative efficiency of the proposed ratio estimator with respect to the BBB model for
different choice of parameters with P=P, =P, =0.7
C C

/4 71 C72 Cy Cxy | Cxp Pyx, | Pyxy | Pxyxy o ] 6, RE

01 /01 10105 ]05)]03]-09]071]07]007] 0.0 00 |22254
01 /01 01|05 ]05]05]-09]051]07]007] 0.0 0.0 366.67
01 1010105 ]05]05]-09]107]05]007] 0.0 0.0 366.67
01 /01 10105 ]05)]05]-07]071]07]007] 0.0 0.0 366.67
03 103 ]1]03 050503 ]-09]07]07]007] 0.0 0.0 |22254
03 103 ]03 05 ]05]05]-09]1057]07]007] 0.0 0.0 366.67
03 103 ]03 0505 ]05]-09]07]05]007] 0.0 0.0 366.67
03 103 ]1]03]05]05]05]-07]071]07]007] 0.0 0.0 366.67
05 1051051050503 ]-09]1071]07]007] 00 0022254
05 105105050505 ]-09]057]07]007] 0.0 0.0 366.67
05 105105050505 ]-09]071]05]007] 0.0] 0.0]366.67
05 1051051050505 ]-07]1071]07]007] 0.0 0.0 366.67
01 101 ]01]03]03]01]-09]071]07]05]05]05]201.28
01 01 10103 ]03)]03]-09]037]07] ] 057]05] 0545241
01 /0170103 ]03]03]-09]057]05)]057]05] 054524
01 01101103 ]03]03]-09]07]03)]05]05] 054524
01 /01 101030303 ]-07]051]07] 057105705 ]|4541
01 /0170103 ]03]03]-07]07]05]057]05] 054524
01 0110103 ]03)]03]-05]071]07] ]057]05] 054524
01 /0110103 ]03)]05]-09]037]07]05]05]05]3929
01 10101103 ]03]05]-09]057]05]057]05] 053929
01 1010103 ]03]05]-09]07]03)]05]05] 0513929
01 /01 10103 ]03)]05]-05]051]07]05]05] 05| 284.07
01 /0101103 ]03]05]-05]07]05])]051]05] 05| 284.07
01 0110103 ]03]05]-01]071]07]05]05] 0522245
01 01101030501 ]-09]051]07]05]05] 05 ]200.89
01 101101103 ]05]01]-09]071]07]057]05] 0524982
01 1010103 ]05)]03]-09]01]05)]05]05] 0522245
01 /01 101030503 ]-09]057]03])]05]05] 05| 284.07
01 /0170103 ]05)]03]-07]017]07]057]05] 0522245
01 101 10103 ]05)]03]-07]057]05])]05]05] 05| 284.07
01 /01 101030503 ]-05]051]07]05]05] 05| 284.07
01 /0101103 ]05]05]-09]057]03])]057]05] 052540
01 101 101103 ]05]05]-07]017]07]057]05] 05 | 44846
01 /01 10103 ]05]05]-07]071]03]05]05] 052540
01 /0110103 ]05)]05]-05]037]07]057]05] 0544846
01 101 101103 ]05)]05]-03]051]07]057]05] 05 ] 44846
01 /01 10103 ]05]05]-011]071]07]057] 05 05 | 44846
01 /01010501 |03 ]-09]07]03)]05]05]05]21824
01 /01 1010501 |03 ]-09]07]05]057]05] 0524411
01 101101 ]05]01 |03 ]-09]071]07]05]05] 0527692
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, =P, =0.7

C7/ C7/1 C7/2 Cy Cx1 sz pyxl py_x2 pxlx2 9 91 92 RE

01 /01 1010501 |03 ]-07]07]05]05]05] 0520384

0.1 0.1 0.1 0.5 | 0.1 03 [ -07] 07 | 07 | 05 | 05 | 05 | 226.23

01 /01 1010501 |]05]-09]077]01 )] 057]05] 0523456

01 /01 101 ]05]01 |05]-09]07]03]05]05] 0528951

0.1 0.1 0.1 0.5 | 0.1 05 [-09] 07 ] 05 ] 05| 05 | 05 | 378.06

01 /01 1010501 |05]-07]0771]03]057]05] 0523456

0.1 0.1 0.1 05,0105 ]-07]07]05]05] 05 05 ] 28951

0.1 0.1 0.1 0.5 | 0.1 05 [ -07]107 ] 07 ] 05| 05 | 05 | 378.06

01 /01 1010501 |05]-05]077]05]057]05] 0523456

0.1 0.1 0.1 05,0105 ]-05]07]071]05]05] 05 28951

0.1 0.1 0.1 0.5 | 0.1 05 [ -03] 07 | 07 | 05 | 05 | 05 | 234,56

01 /01 101050301 ]-09]017]05])]057]05] 0520384

01 /01 101050301 ]-09]01]07]05]05] 05 |226.23

0.1 0.1 0.1 05 103101 |-09]03] 03] 05 ] 05] 05 |21824

01 /01 1011050301 ]-09]037]05]057]05] 0524411

01 /01 101050301 ]-09]031]07]05]05] 0527692

0.1 0.1 0.1 05 10301 |-09] 05 0.1 05 | 05 | 0.5 | 234.83

01 /01 10105 ]03]01]-09]057]03)]057]05] 0526504

01 101 101050301 ]-09]057]05]057]05] 0530418

0.1 0.1 0.1 05 103101 |-09]05]07 ]| 05 ] 05] 05 | 356.89

01 /01 101 105]03]01]-09]07]01 0571057052891

01 /01 1010510301 ]-09]07]03]05]05] 05 ]33740

0.1 0.1 0.1 05 103101 |-09]07]05]| 05 ] 05] 05 |40349

01 /01 101050301 ]-07]07]05])]057]05] 0520384

01 /01 101050301 ]-07]07]07]051]05] 0.5 |226.23

0.1 0.1 0.1 05 1 03] 03 |-09] 0.1 05 1 05 ] 05 | 05 | 239.24

01 /01101050303 ]-09]017]07])]05]05]05]367.17

01 /01 101050303 ]-09]037]01 )] 05]05] 0521434

0.1 0.1 0.1 05 103103 |-09]03]03] 05 ]05] 0531162

01 01 101050303 ]-09]057]01 ] 057]05] 0544681

01 /01 101050303 ]-07]037]05]05]05] 05123924

0.1 0.1 0.1 05 103103 |-07]03]07 ]| 05]05] 0536717

01 /01 101050303 ]-07]057]01 )] 057]05] 0521434

01 /01101050303 ]-07]057]03)]05]05] 0531162

0.1 0.1 0.1 05 103 ]03|-07] 07 0.1 0.5 | 05 | 05 | 446.81

01 /01 101050303 ]-05]057]05)]057]05] 051723924

0.1 0.1 0.1 05 10303 ]-05]05]071]05]05] 0536717

0.1 0.1 0.1 05 103103 |-05]07] 0.1 05 | 05 | 05 | 214.34

01 /01101050303 ]-05]07]03)]05]05] 0531162

01 /01 101050303 ]-03]07]05]05]05] 0523924

0.1 0.1 0.1 05 103103 |-03]07]07]05]05] 0536717
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P =P =P, =0.7

C}’ C71 C72 Cy Cxyp | x| Pyxy | Pyxy | Pxyxy o o, 6, RE

01 101 01 ]051]03]05]-09]1011]07]05]05] 0528269
01 101 01 ]051]03]05]-09]1031]03]05]05] 05 ]230.06
01 (01 |01 ]051]03]05]-09]051]01 | 05]05] 0.5 | 36652
01101 01 ]05]03]05]-07]1031]05)]05]05] 05 ]230.06
01 101 01 ]051]03]05]-07]051]03]05]05] 0.5 ] 36652
01 01 |01 ]051]03]05]-05]031]07]05]05] 05 ]230.06
01 01 01 ]05]03]05]-05]051]05]05]05] 05 ] 36652
01 101 01 ]051]03]05]-05]071]01 ] 05]05] 05 ] 28269
01 01 |01 ]051]03]05]-03]051]07]05]05] 0.5 | 36652
01101 01 ]05]03]05]-03]071]03]05]05] 0528269
01 101 01 ]051]03]05]-01]071]05]05]05] 0528269
01 (01 |01 ]051]03]05]011]071]07]05]05] 0.5 |282.69
01101 01 ]05]05]01]-09]011]01 | 057]05] 05 ]289.51
01 101 01 ]051]05]01]-09]011]03]05]05] 0.5 ]378.06
01 01 01 ]05]05]01]-09]03]01 | 05] 05] 0.5 |378.06
01 101 01 ]051]05]01]-07]1031]07]05]05] 0523456
01 101 01 ]051]051]01]-07]051]05]05] 057 0523456
01 0101 ]05]05]01]-07]051]07]05]05] 05 |289.51
01 01 01 ]051]05]01]-07]1071]03]05]05] 0523456
01 101 01 ]05]05]01]-07]1071]05]057]05] 0528951
01 01 01 ]05]05]01]-07]071]07]05]05] 05 |378.06
01 101 01 ]05]05]03]-09]011]01 | 05]05] 05 ]230.06
01 101 01 ]051]05]03]-07]1011]05]05]05] 0.5 ] 282.69
01 01 |01 ]051]05]03]-07]1031]03]05]05] 05 |282.69
01 101 01 ]05]05]03]-07]051]01 | 05]05] 05 ] 28269
01 101 01 ]051]05]03]-05]031]207]05]05] 0.5 ]366.52
01 [ 01 |01 ]051]05]03]-05]051]05]05]05] 05 | 366.52
01 01 |01 ]05]05]03]-05]1071]03]05]05] 05 ] 36652
01 101 01 ]051]05]03]-03]051]07]05]05] 05 ]230.06
01 01 |01 ]051]05]03]-03]07]05]05]05] 0.5 ]230.06
01 01 |01 ]05]05]05]-09]1011]03]05]05] 0526997
01 101 01 ]051]05]05]-09]1031]01 | 057]05] 0526997
01 01 |01 ]051]05]05]-07]011]05]05] 0571 05 ]26997
01 101 |01 ]05]05]05]-07]1031]03]05]05] 05126997
01 101 01 ]051]05]05]-07]051]01 | 057] 057105126997
01 [ 01 |01 ]051]05]05]-05]011]07]05]05] 05 |26997
01 01 |01 ] 05]05]05]-05]1031]05)]05]05] 05126997
01 101 |01 ]051]05]05]-05]051]03]05]05] 05126997
01 01 |01 ]051]05]05]-05]071]01 1| 05]05] 05 ]26997
01 01 |01 ]05]05]05]-03]031]07]05]05] 05126997
01 101 01 ]05]05]05]-03]051]05]057]05] 05126997
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB

model for different choice of parameters with P =P =P, =0.7
Cr 1 S| Cra| €y | O | Coa | Py | Py, | Py | 6 b %2 RE

01 /01 01 ]05]05]05]-03]07]03])]057]05] 0526997

01 /01 |01 ]05]05]05]-01]057]07]]057]05] 0526997

0.1 0.1 0.1 05 10505 ]-01]07 ] 057105 ] 05| 05 |26997

01 /01 01 ]05]05]05]011]071]07]057]05] 0526997

03 /03,0303 ]03]03]-09]031]07])]057]05]05]27681

03 103,03 ]03]03]03]-09]05]05]05]05] 0527681

03 /03,0303 ]03]03]-09]07]03)]057]05]05]27681

03 /03,0303 ]03]03]-07]057]07] ]05]05]05]27681

03 103,03 ]03]03]031]-07]07]05]05]05] 05276281

03 /03,0303 ]03]03]-05]071]07 0510570527681

03 /03,03 []03]03]05]-09]031]07] ]057]05]05]2497

03 103 03 ]03]03]051]-09]05]05]05] 0570524971

03 /03,0303 ]03]05]-09]107 7103 ]057]05]05]24971

03 /03,03 ]03]03]05]-07]051]07] ]057]05] 05| 46450

03 103 03 ]03]03 05 ]-07]071]05]05]05] 0546450

03 /03,03 ]03]03]05]-05]051]07]05]05] 0520282

03 /03 ,03]03]03]05)]-05]071]05]05]05] 0520282

03 103 03 ]03]03]05]-03]07]07]05]05] 05324381

03 /03,0303 ]05]03]-09]037]05)]057]05] 0532481

03 /03 ,03]03]05]03]-09]051]03]05]05] 0520282

03 103 03 ]03]05]031]-09]071]03]05]05] 0546450

03 /03,0303 ]05]03]-07]031]07] 0510570532481

03 /03 ,03]03]05]03]-07]051]05]05]05] 05120282

03 103 03 ]03]05]031]-07]071]05]05]05] 0546450

03 /03,03 ]03]05]03]-05]057]07]]05]05] 0520282

03 /03,03 ]03]05]03]-05]071]07]]057]05] 05| 46450

03 1 03 03 ]03]05][051]-09]037]05]05] 05710544719

03 /03,03 ]03]05]05]-07]1011]07]]057]05] 05 ]264.60

03 /03,03 ]03]05]05]-07]057]05)]05]05] 0544719

03 103 03 ]03]05 |05 ]-05]031]07]05]05]05]264.60

03 /03,03 ]03]05]05]-05]071]05)]057]05] 0544719

03 /03,03 ]03]05]05]-03]051]07]]057]05] 05 ]264.60

03 103 03 ]03]05]05]-01]071]07]05]05] 05 264.60

03 /03,03 ]05]01 |03 ]-09]1071]05])]057]05] 05 ]209.86

03 /03 ,03]05]01 03 ]-09]07]07]05]05] 0523288

03 103 |03 ] 05 0.1 05 [ -09] 07 | 0.1 05 | 05 ] 05 | 20143

03 /03,03 ]05]01|05]-09]1071]03])]05]05] 0523927

03 103,03 ]05]01]05/]-09]071]05]05]05] 05 ]294.63

03 103 |03 ] 05 0.1 05 1 -09]1 07 |07 ] 05| 05 ] 05 | 38332

03 103,03 ]05]01]05]-07]071]03]05]05] 0520143
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, =P, =0.7

C7 C},l C72 Cy Cxy | Cx | Pyx; | Pyxy | Pxyxy 4 6, 0, RE

03 103,03 ]05]01]05]-07]1071]05]05]05] 0523927
03 103103 ]051]01]05]-07]1071]07]05]05] 0.5 ]294.63
03 103103 ]051]01]05]-05]071]05]05]05] 05120143
03 10303 ]05]01]05]-05]1071]07]05]05] 0523927
03 103,103 ]051]01]05]-03]071]07]05]05] 05120143
03 103103 ]051]03]01]-09]1031]05]05]05] 0.5 ]209.86
03 103 ,03]05]03]01 |-09]031]07]05]05] 0523288
03 103,103 ]05]03]01]-09]051]01 | 05]05] 05 ]203.16
03 103103 ]051]03]01]-09]051]03]05]05] 05 ]224.67
03 103,03 ]05]03]01]-09]051]05]05]05]05]251.206
03 103,103 ]051]03]01]-09]1051]07]057]05] 0.5 ] 28500
03103103 ]051]03]01]-09]1071]01 | 05]05] 05124172
03 103,03 ]05]03]01]-09]1071]03)]05]05] 0527279
03 103,103 ]05]03]01]-09]1071]05]05]05]0.5]313.03
03 103,03 ]051]03]01]-09]071]07]05]05] 0536718
03 103,03 ]05]03]03]-09]011]05]05]05] 0.5 20555
03 103,103 ]051]03]03]-09]1011]07]057]05]05]28.74
03 103103 ]051]03]03]-09]1031]03]05]05] 05]2549%
03 103,03 ]05]03]03]-09]031]05)]05]05] 0539856
03 103,103 ]051]03]03]-09]051]01 ] 05]05] 0533555
03 103103 ]051]03]03]-07]1031]05]05]05] 0.5 20555
03 103,03 ]05]03]03]-07]1031]07]05]05]05]28.74
03 103103 ]051]03]03]-07]1051]03]05]05]05]2549%
03 10303 ]051]03]03]-07]1051]05]05]05] 0.5 ] 39856
03 103,03 ]05]03]03-07]1071]01]05]05] 0533555
03 103,103 ]051]03]03]-05]051]05]05]05] 0520555
03 103103 ]05]03]03]-05]051]07]05]05]05]28.74
03 103103 ]051]03]03]-05]1071]03]05]05] 05]2549%
03 103,103 ]05]03]03]-05]071]05]05]05] 0539856
03103103 ]051]03]03]-03]071]05]05]05] 0.5 20555
03 103,103 ]05]03]03]-03]07]07]05]05]05]28.74
03 103103 ]05]03]05]-09]1011]07]057]05] 05123370
03 103,103 ]05]03]05]-09]031]05]057]05] 0536921
03 103103 ]05]03]05]-09]051]01 | 05]05] 0528622
03 103103 ]05]03]05]-07]1031]07]057]05] 05136921
03 103103 ]05]03]05]-07]051]03]05]05] 05 ]0286.22
03 /103103 ]05]03]05)]-05]051]05]05]05] 0528622
03 103,103 ]05]03]05]-05]071]01]05]05] 05123370
03 103103 ]05]03]05]-03]051]07]05]05] 05 ]286.22
03 103,03 ]05]03]05]-03]071]03)]05]05] 05123370
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, =P, =0.7

Cy 1 Cpi | Cra| €y | ot | Cxa | Py | Pomy [Py | 6 | 61 | 62 | RE

03 103 ]03 050305 ]-01]07]05]05]05] 0523370

03 103 ]03 |05 1]03]05] 0.1 07 1 07 105 | 05 | 05 | 233.70

03 103 ]03 050501 ]-09]017]01 )] 057]05] 0523927

03 103103050501 ]-09]01]03]05]05] 05 |294.63

03 103 ]03 051|605 ] 01 ]-09]0.1 05 1 05 | 05 | 0.5 | 383.32

03 103 ]03]05]05]011]-09]037]01]05]05] 0.5 |294.63

03 103 ]1]03 050501 ]-09]037]03)]05]05] 0538332

03 10303 05|05 ]01]-09]05] 0.1 05 | 05 | 05 | 383.32

03 103 ]03]05]05]01]-07]037]07]051]05] 0520143

03 10303050501 ]-07]05]05]05]05] 0520143

03 10303 05|05 ,01 |-07]05]07]05]05] 05 23927

03 103 ]03]05]05]01]-07]07]03]05]05] 0520143

03 103 ]03 050501 ]-07]071]05]05]05] 0523927

03 10303 05|05 )01 |-07]07]]071]05])05] 05 ]294.63

03 103103050503 ]-09]01]03)]057]05]05]36921

03 103103050503 ]-09]037]01 | 057]05]05]36921

03 103 ]03 |05 1]05]03]-07]0.1 05 1 05 ] 05 | 05 | 233.70

03 103 ]03 050503 ]-07]037]03)]05]05] 0523370

03 103 ]03 050503 ]-07]057]01 )] 05]05] 0523370

03 10303 05|05 )03 ]-05]03]07]05]05] 0528622

03 103 ]03 050503 ]-05]057]05)]057]05] 0528622

03 103 ]1]03 0505 ]03]-05]07]03])]05]05] 0528622

03 10303 05|05 )03 ]-03]07]07]05]05] 0536921

03 103 ]0305]05]05]-09]01]03)]05]05] 0522329

03 103 ]1]03]05]05]05]-09]037]01 ] 05]05] 0522329

03 103103 |05 1]05]05]-07]0.1 05 1 05 ] 05 | 05 | 223.29

03 103 ]03 050505 ]-07]037]03)]05]05] 0522329

03 103 ]1]03 0505|605 ]-07]057]01 )] 05]05] 0522329

03 103 ]03 |05 ]05]05]-05]0.1 07 1 05 | 05 | 0.5 | 223.29

03 103 ]03 050505 )]-05]037]05)]05]05] 0522329

03 103 ]03 050505 ]-05]051]03)]05]05] 0522329

03 10303050505 ]-05]07] 0.1 05 | 05 | 05 | 223.29

03 103 ]03 050505 ]-03]037]07)]057]05] 0522329

03 103 ]03 050505 ]-03]057]05)]05]05] 0522329

03 10303 05|05 ,05]-03]07]03]05])]05] 0522329

03 103 ]03 050505 ]-01]057]07]057]05] 0522329

03 103 ]03 0505|605 ]-01]07]05])]05]05] 0522329

03 103 ]03 |05 1|05 )05 0.1 07 1 07105 | 05 | 05 | 223.29

05 105105030303 ]-09]057]07])]057]05] 0528502

05 105105103103 ]03]-09]07]05)]05]05] 0528502
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, =P, =0.7

Cr 1 Cni | Cra| Cy | Cri | Cxa | Py | Py | Py | O o 0 RE

05 1 05]05]03,03)]03]-07]071]071]05]05] 0528502
05 1 05]05]03)03]05]-09]051]07]05]05] 0543157
05 1 050510303 )]05]-09]07]051]05]05] 0543157
05 1 05]05]03 03 )]05][-07]05]07]05]05] 05 206.61
05 1 05]05]03]03)]05][-07]07]05]05]05] 05 206.61
05 1 05051030305 ]|-05]071]07]05]05] 05 316.64
05 1 05]05]03 0503 ][-09]01]07]05]05] 0525005
05 1 05]05]03)05]03]-09]05]05]05]05] 0531664
05 1 05051030503 ][-09]07]03]05]05] 05 206.61
05 1 05]05]03 05|03 ]-07]051]07]05]05] 05 316.64
05 1 05]05]03]05)]03][-07]07]05]05]05] 0.5 206.61
05 1 05051030503 ][-05]071]07]051]05] 05 ]206.61
05 1 051051030505 ]-09]011]071]05] 05 05 | 44503
05 1 05]05]03)05]05]-09]07]03]05]05] 0527407
05 1 051051030505 ]-07]031]071]05]05] 05 | 44503
05 1 05105030505 ]-05]051]071]05] 05 05 | 44503
05 1 051051030505 ]-03]071]071]05]05] 05 |44503
05 1 050510501 )05 ]-09]07]05]05]05] 0520977
05 105051050105 ]-09]071]07]05]05] 05 | 24842
05 1 05051050105 ]-07]07]07]05]05] 0520977
05 1 0505050301 [-09]05]07]05]05] 0520815
05 1 05]05]05,03]01]-09]07]03]05]05] 052019
05 1 05051050301 [-09]07]05]05]05] 0522185
05 1 05051050301 [-09]07]07]05]05] 05 ]246.15
05 1 05051050303 ]-09]011]071]05]05] 052089
05 1 05051050303 ]-09]03]05]05]05] 05 256.69
05 1 05051050303 ]-09]03]07]05]05]05]39.50
05 1 05051050303 /[-09]05]01]05]05] 0523038
05 1 05051050303 ]-09]05]03]05]05] 0533269
05 1 05051050303 ]-09]07]011]05]05] 05472062
05 1 05]05]05,03]03]-07]031]07]05]05] 0520896
05 1 05]05]05)03]03]-07]051]051]05]05] 05 256.69
05 1 05051050303 ]-07]051]071]051]05]05]39.50
05 1 05]05]05]03)]03]]-07]07]011]051]05] 0523038
05 1 050510503 ]03]-07]071]03]05]05] 0533269
05 1 05051050303 ]-05]051]07]05]05] 052089
05 1 05]05]05,03)]03]-05]071]051]05]05] 05 256.69
05 1 050510503 ]03]-05]071]071]051]05]05]39.50
05 1 05051050303 ]-03]071]071]051]05] 052089
05 1050510503 ]05]-09]03]05]05]05] 05 240.66
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, =P, =0.7

C7 C71 C72 Cy Cxy | Cxp | Pyxy | Pyxy | Pixy 6 o, 0, RE

05105050503 ]05]-09]057]01 | 057]05] 0520421

05 105050503 ]05]-09]057]03)]05]05] 0537424

051050505 ]03]05]-07]1031]07]05]05] 05 |240.66

0505050503 ]05]-07]057]03]05]05] 0520421

051050505 ]03]05]-07]057]05)]057]05] 0537424

051050510503 ]05]-07]1077]01 ] 057]05] 0529294

05105050503 ]05]-05]057]05)]057]05] 0520421

051050505 ]03]05]-05]057]07]057]05] 0537424

051050505 ]03]05]-05]07]03]05]05] 0529294

05 /050505 ]03]05]-03]057]07] 0510570520421

05105050503 ]05]-03]07]05]057]05] 0529294

051050510503 ]05]-01]077]07]057]05] 0529294

05 /05,0505 ]05]01]-09]011]03]05]05] 05120977

05 1050505 ]05]01]-09]011]05]05] 057 0524842

051050505 ]05]01 -09]1011]07]05] 0571 05 |30452

05 /05,0505 ]05]01]-09]1037]01|05]05] 0520977

051050505 ]05]01]-09]0371]03]05]05] 0524842

051050505 ]05]01 |-09]103]05]05]05] 0530452

05 /05,0505 ]05]01]-09]1031]07 ] 05]05] 0539335

05 /05,0505 ]05]01]-09]057]01 | 05]05] 0524842

05050505 ]05]01 |-09]10571]03]05] 0571 05 30452

05 /05,0505 ]05]01]-09]105]05]|]05]05] 05 ]39335

051050505 ]05]01]-09]07]01 | 05]05] 05 ]30452

05 050505 ]05]01]-09]1071]03]05]05] 05 ]39335

05050505 ]05 |01 ]-07]071]07]]05]05] 0520977

0510505050503 ]-09]017]03)]05]05] 05 |240.66

05 1050505 ]05]03]-09]037]01 | 05]05] 05 |240.66

05 105051050503 ]-07]1017]07]057]05] 0529294

0510505050503 ]-07]031]05)]057]05] 0529294

05 1050505 ]05]03]-07]057]03]057]05] 0529294

05 105051050503 ]-07]107]01 | 057]05] 0529294

051050505 ]05)]03]-05]037]07] 0510570520421

05 1050505 ]05)]03]-05]057]05]051]05] 0520421

05 105051050503 ]-05]057]07]057]05] 0537424

0510505 ]05]05)]03]-05]07]03)]05]05] 0520421

05 1050505 ]05)]03]-05]07]05]057]05] 0537424

0510505105 ]05]03]-03]077]07]]057]05] 05 |240.66

0510505 ]05]05)]05]-09]01]05]05]05] 05 |456.61

05 10505 ]05]05)]05]-09]037]03) ] 05]05] 0.5 |456.61

05105105105 ]05]05]-09]051]01 0571057 05 ]|456.61
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P =P, =0.7

C}, C71 C72 Cy Cxl CX2 ,nyl ,ny2 px1x2 o 91 62 RE

05 10505050505 ]-07]011] 0710571057 05| 456.6l
05 1050505 ]05]051]-07]031]05]05]05] 05 ] 45.61
05 1050505 ]05]05]-07]051]03]05] 057 05 | 45.61
05 10505050505 ]-07]07]01 | 0571057 05| 456.6l
05 1050505 ]05]05]-05]031]07]05]05] 05| 45.61
05 1050505 ]05)]05]-05]051]05]05] 05 05 | 45.61
05 105105050505 ]-05]07 03] 0571057 05 |45661
05 1050505 ]05]05]-03]057]07]05]05] 05 ]45.61
05 1050505 ]05]05]-03]07]1]05]05]05] 05 ]45.61
05 10505050505 ]-01]071]071]057]05] 05| 456.6l
01 (0101010101 ]-09]011]07 ] 10]10] 1.0 | 2559
01 /01011010101 ]-09]1031]05]10] 10] 1.0 | 25599
01r(01]01)01)01 01 ]-09]05] 03] 10] 10| 1.0 | 25599
01 (01 ]01]01 01|01 ]-09]07]0.1 1.0 | 1.0 | 1.0 | 255.99
01 /01011010101 ]-07]031]07]10] 10] 1.0 | 25599
01r(01]01)01)01 |01 ]-07]05]05]10] 10 ] 1.0 | 25599
01 {01 ]01 01 01|01 ]-07]071]03 1.0 | 1.0 | 1.0 | 255.99
01 /01011010101 ]-05]051]07]10] 10] 1.0 | 25599
01r(01]01])01 )01 |01 |-05]07]05]10] 10| 1.0 | 25599
01 (01]01]01 )01 |01 ]-03]071]07 ] 10]10] 1.0 | 25599
01 /0101030101 ]-09]1011]07]10] 10/ 1.0 | 20576
01 (01 ]01]03 )01 )01 ]-09]03]0.1 1.0 | 1.0 | 1.0 | 205.76
01 {0101 03 ]01 01 ]-09]03]03 1.0 | 1.0 | 1.0 | 225.67
01 /0101030101 ]-09]1031]05]10] 1.0] 1.0 |249.85
01r(01]01 )03 )01 |01 ]-09]03]07]10] 10 1.0 | 279.84
01 (01 ]01]03 )01 )01 ]-09]05]0.1 1.0 | 1.0 | 1.0 | 279.84
01 /01010370101 ]-09]05]03])] 10]10] 1.0 |318.00
01 (01]01 030101 ]-09]05]05]10] 10 ] 1.0 | 36822
01 (01 ]01 030101 ]-09]05]07 ] 10] 10 1.0 | 43727
01 |01 10103 ] 01|01 ]-09]07]0.l1 1.0 | 1.0 | 1.0 | 437.27
01 (01]01]03)]01 |01 ]-07]03]07 ] 10] 10| 1.0 | 20576
01 (01 ]01]03 )01 )01 ]-07]05]0.1 1.0 | 1.0 | 1.0 | 205.76
01 /0101030101 ]-07]051]03]10] 10] 1.0 |225.67
0101 7]01 030101 |-07]05]05 ] 10] 10] 1.0 | 24985
01 (01]01]03)]01 |01 ]-07]051]07]10] 10 1.0 | 279.84
01 0110103 ] 01|01 ]-07]07]0.l1 1.0 | 1.0 | 1.0 | 279.84
01r(01]01})03)01 |01 ]-07]07]03]10] 1.0 1.0 |318.00
01 (01 ]01 030101 ]-07]071]05]10]10] 1.0 | 36822
01 /01101103 ]01 01 ]-071]071]07]10] 10 1.0 | 437.27
01 (01]01]03)]01 |01 ]-05]051]07]10]10] 1.0 | 20576
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P = P, =0.7

Cy 1 Cr [ Cra | €y | ot | Coa | Py | Pomy [Py | 6 | 61 | 65 RE

0.1 | 0.1 | 0.1 03 101 01 |-05] 07 0.1 1.0 | 1.0 | 1.0 | 205.76

0.1 0.1 0.1 03 | 0.1 01 |-05] 07 | 03 1.0 1.0 1.0 | 225.67

01 /0110103 ]01 |01 ]-05]07]05 1.0 | 1.0 | 1.0 | 249.85

01 /0101030101 ]-05]07]07] 107110/ 10 |279.84

0.1 0.1 0.1 03 | 0.1 0.1 [ -03 ] 0.7 | 07 1.0 1.0 1.0 | 205.76

01 /01 1010301 03 ]-09]05]03 1.0 | 1.0 | 1.0 | 248.26

01 /0110103 ]01 03 ]-09]05]05]10]10] 1.0 |3064.76

0.1 0.1 0.1 03 | 0.1 03 | -07] 05 | 05 1.0 1.0 1.0 | 248.26

01 /01 01103 ]01 |03 ]-07]05]07]10] 10] 1.0 | 364.76

01 /01 ]01]03]01|03]-07]07]0.l1 1.0 | 1.0 | 1.0 | 364.76

0.1 0.1 0.1 03 | 0.1 03 | -05 ] 05 | 07 1.0 1.0 1.0 | 248.26

01 /01 ]01]03]01 |03 ]-05]07]0.1 1.0 | 1.0 | 1.0 | 248.26

01 /011010301 |03 ]-05]07]03 1.0 | 1.0 | 1.0 | 364.76

0.1 0.1 0.1 03 | 0.1 03 | -03 | 07 | 03 1.0 1.0 1.0 | 248.26

01 /01 0103 ]01 |03 ]-03]07]05 1.0 | 1.0 | 1.0 | 364.76

01 /0101030103 ]-01]07]05]10] 1.0 1.0 | 24826

0.1 0.1 0.1 03 | 0.1 03 | -0.1 )] 0.7 | 07 1.0 1.0 1.0 | 364.76

01 /0101103 ]01 |03 ]011]071]07 ] 10] 10] 1.0 | 24826

01 /01010301 05]-09]07]05]10] 10 1.0 |202.54

0.1 0.1 0.1 03 | 0.1 05 [ -09 | 07 | 07 1.0 1.0 1.0 | 358.04

01 /01 01103 ]01 |05]-07]071]07]]10]10] 1.0 |24512

01 /01 ]01]03]03]01]-09]01]0.l1 1.0 | 1.0 | 1.0 | 364.76

0.1 0.1 0.1 03 103 ] 01 |-07]0.1 0.5 1.0 1.0 1.0 | 248.26

01 /0101103 ]03]01]-071]011]07]10] 107 1.0 | 364.76

01 /011010310301 ]-07]03]03 1.0 | 1.0 | 1.0 | 248.26

0.1 0.1 0.1 03 103 )01 |-07] 03] 05 1.0 1.0 1.0 | 364.76

01 /01 ]01]03]03]]01]-07]05]0.1 1.0 | 1.0 | 1.0 | 248.26

01 /011010310301 ]-07]05]03 1.0 | 1.0 | 1.0 | 364.76

0.1 0.1 0.1 03 103 )01 |-07] 07 0.1 1.0 1.0 1.0 | 364.76

01 /01 01103 ]03]01]-05]051]07]10]10] 1.0 | 24826

01 /01010370301 ]-05]07]05]10] 1.0 1.0 | 24826

0.1 0.1 0.1 03 103 )01 |-05]07] 07 1.0 1.0 1.0 | 364.76

01 /01 1010310303 ]-09]01]03 1.0 | 1.0 | 1.0 | 203.60

01 |01 101 ]031]03]03]-09]03]0.l1 1.0 | 1.0 | 1.0 | 203.60

0.1 0.1 0.1 03 103 ] 03 ]-07]0.1 0.5 1.0 1.0 1.0 | 203.60

01 /01 10103 ]03)]03]-07]03]03 1.0 | 1.0 | 1.0 | 203.60

01 |01 01 ]03]03]03]-07]05]0.l1 1.0 | 1.0 | 1.0 | 203.60

0.1 0.1 0.1 03 103 ] 03 ]-05]0.1 0.7 1.0 1.0 1.0 | 203.60

01 /01 10103 ]03]03]-05]203]05 1.0 | 1.0 | 1.0 | 203.60

01 101 ]01]03]03)03]-05]05]03 1.0 | 1.0 | 1.0 | 203.60

433




IMPROVING THE BAR-LEV, BOBOVITCH & BOUKAI RANDOM RESPONSE MODELS

Appendix
Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P =P, =0.7

Cy 1 Cri | Cra| Oy | Cxr | Cxa | Py | Pymy | Puxy | 6 | 61 | 65 RE

0.1 0.1 0.1 03 103 ]03]-05] 07 0.1 1.0 1.0 1.0 | 203.60

01 /010103 ]03 03 ]-03]037]07 ] 107]10] 1.0 |203.60

01 /0101030303 ]-03]05]05]10]1.0] 1.0 |203.60

0.1 0.1 0.1 03 10303 |-03]07] 03 1.0 1.0 1.0 | 203.60

01 /010103 ]03 03 ]-01]05]07 ] 107] 10 1.0 | 203.60

01 /0101030303 ]-01]07]05]10] 1.0 1.0 |203.60

0.1 0.1 0.1 03 103 ] 03 | 0.1 0.7 | 0.7 1.0 1.0 1.0 | 203.60

01 /0101103 ]03]05]-09]1011]07]10] 10/ 1.0 |243.59

01 /0101 ]03]03]05]-09]03]05]10]10] 1.0 24359

0.1 0.1 0.1 03 103 ]05|-09] 05 ] 03 1.0 1.0 1.0 | 243.59

01 /01 01 ]031]03]05]-09]07]0.1 1.0 | 1.0 | 1.0 | 243.59

01 /01 01103 ]03]05]-03]051]07]10]10] 1.0 | 35477

0.1 0.1 0.1 03 10305 |-03]07]05 1.0 1.0 1.0 | 354.77

01 /01 01103 ]03]05]011]071]07 ] 10]10] 1.0 |243.59

01 /0101 ]03]05]01]-09]011]05]10]10] 1.0 27392

0.1 0.1 0.1 03 105101 |-09] 03] 03 1.0 1.0 1.0 | 221.81

01 /01 0103 ]05]01]-09]03]05 1.0 | 1.0 | 1.0 | 422.99

01 /01 101 ]03]05)]01]-09]05]03 1.0 | 1.0 | 1.0 | 310.38

0.1 0.1 0.1 03 105 ]01 |-09] 07 0.1 1.0 1.0 1.0 | 245.12

01 /01 01103 ]05]01]-071]071]07]]10] 107 1.0 | 24512

01 /01 101030503 ]-09]03]03 1.0 | 1.0 | 1.0 | 354.77

0.1 0.1 0.1 03 105 )03 |-07] 03] 05 1.0 1.0 1.0 | 354.77

01 /01 01103 ]05]03]-05]031]07]10] 10/ 1.0 | 35477

01 /01 10103 ]05)]05]-09]05]03 1.0 | 1.0 | 1.0 | 303.12

0.1 0.1 0.1 03 105105 |-07] 07 ] 03 1.0 1.0 1.0 | 303.12

01 /0101050101 ]-09]051]07]10]10] 1.0 |201.69

0.1 | 0.1 | 0.1 05101 ] 01 ]-09] 07 ] 0.1 1.0 | 1.0 | 1.0 | 215.39

0.1 0.1 0.1 0.5 | 0.1 01 -09] 07 | 03 1.0 1.0 1.0 | 222.96

01 /01 0105 ]01 |01 ]-09]07]05 10 | 1.0 | 1.0 | 231.08

01 /01 01 ]05]01 01 ]-09]071]07]10]10] 1.0 | 23982

0.1 0.1 0.1 0.5 | 0.1 0.1 [ -07 ] 0.7 | 07 1.0 1.0 1.0 | 201.69

01 |01 01 ]05]01 |03 ]-09]05]0.1 1.0 | 1.0 | 1.0 | 222.49

01 /011010501 |03 ]-09]05]03 1.0 | 1.0 | 1.0 | 248.65

0.1 0.1 0.1 0.5 | 0.1 03 | -09 ] 05 | 05 1.0 1.0 1.0 | 281.79

01r /01101 ]05]01 |03 ]-09]057]07]10]10] 1.0 | 32511

01 |01 0105 ]01 |03 ]-09]07]0.1 1.0 | 1.0 | 1.0 | 46947

0.1 0.1 0.1 0.5 | 0.1 03 | -07] 05 | 03 1.0 1.0 1.0 | 207.91

01 /01 01 ]05]01 |03 ]-07]05]05 1.0 | 1.0 | 1.0 | 230.58

01 /01010501 03 ]-07]05]07] ] 10]10] 1.0 | 258.80

0.1 0.1 0.1 0.5 | 0.1 03 [-07] 07 | 0.1 1.0 1.0 1.0 | 342.67
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB

model for different choice of parameters with P=P, =P, =0.7
C7 C71 C72 Cy Cxl Cx 2 ,nyl pyx2 px1x2 o 91 02 RE

01 1011010501 03]-07]07]03 1.0 | 1.0 | 1.0 | 408.94

01 01101050103 ]-05]057]07] ] 10]1.0] 10 |21495

0.1 01 1 01 |05 ]01 |03 ]-05]07]0.l1 1.0 | 1.0 | 1.0 | 269.80

01 /01010501 03]-05]07] 03 1.0 | 1.0 | 1.0 | 309.26

01 101 1010501 |03 ]-05]07]05]10]1.0] 1036224

0.1 01 101 0501 |03 |-05]071]07]10] 10 1.0 | 437.12

01 1011010501 | 03]-03]07]0.1 1.0 | 1.0 | 1.0 | 222,49

01 01 1010501 03]-03]07]03 1.0 | 1.0 | 1.0 | 248.65

0.1 01 1 01 0501 |03 ]-03]07]05 1.0 | 1.0 | 1.0 | 281.79

01r /0101050103 ]-03]07]07] 107107 1.0 | 32511

01 01 1010501 03]-01]07]03 1.0 | 1.0 | 1.0 | 20791

0.1 01 101 | 0501 |03 ]-01]07]0.5 1.0 | 1.0 | 1.0 | 230.58

01 /01010501 03 ]-01]07]07 ] 10]1.0] 1.0 | 258.80

01 101010501 03]01]07]07 ] 10] 1.0] 10 |21495

0.1 01 101 0501 ]05]-09]051]07 ] 10 10] 1.0 22958

01 /011010501 | 05]-09]07]0.1 1.0 | 1.0 | 1.0 | 359.78

01 /01 1010501 | 05]-07]07]0.1 1.0 | 1.0 | 1.0 | 280.29

0.1 01 /01 0501 ]05]-07]07]03 1.0 | 1.0 | 1.0 | 359.78

01 /011010501 | 05]-05]07]0.1 1.0 | 1.0 | 1.0 | 229.58

01 01 1010501 05]-05]07]03 1.0 | 1.0 | 1.0 | 280.29

0.1 01 1 01 | 0501 | 05]-05]07]05 1.0 | 1.0 | 1.0 | 359.78

01 /011010501 05]-03]07] 03 1.0 | 1.0 | 1.0 | 229.58

01 /01010501 |05]-03]07]05)]10] 10] 1.0 |280.29

0.1 01 101 0501 ]05]-03]071]07 ] 10 107 1.0 359.78

01 1011010501 05]-01]07]0.5 1.0 | 1.0 | 1.0 | 229.58

01 01010501 |05]-01]07]07 )] 10] 10] 1.0 | 280.29

0.1 01 101 05010501 ]07 |07 ] 10 107 1022958

01 /0110105 ]03]01]-09]01]0.1 1.0 | 1.0 | 1.0 | 342.67

01 011010503 )]01]-09]01]03 1.0 | 1.0 | 1.0 | 408.94

01 101 10105 ]03]01]-09]03]0.l1 1.0 | 1.0 | 1.0 | 46947

01 /0110105703 )]01]-07]01]03 1.0 | 1.0 | 1.0 | 20791

01 01010503 )]01]-07]017]05]10] 1.0] 10 |230.58

0.1 01 101 0510301 |-07]011]07]10] 10 1.0 | 258.80

01 10110105 ]03]01]-07]03]0.1 1.0 | 1.0 | 1.0 | 222.49

01 01 1010503 )]01]-07]03]03 1.0 | 1.0 | 1.0 | 248.65

0.1 01 101 | 050301 ]-07]03]05 1.0 | 1.0 | 1.0 | 281.79

01r /017010503 ]01]-07]037]07 ] 10710/ 1.0 | 32511

01 /01 10105 ]03]01]-07]05]0.1 1.0 | 1.0 | 1.0 | 269.80

01 /01 101050301 ]-07]05]03 1.0 | 1.0 | 1.0 | 309.26

01 101 101 ]05]03)]01]-07]05]05 1.0 | 1.0 | 1.0 | 362.24
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P = P, =0.7

C}/ C}’ 1 C7 2 C y Cxy | Cxp | Pyxy | Pyxy | Pxix, 0 6, 0, RE

01 (01 ]01 | 050301 ]-07]05]07 ] 10] 10| 1.0 | 43712
01 (0101 050301 ]-07]07]0.1 1.0 | 1.0 | 1.0 | 342.67
0101 ]01]05)]03]01]-07]071]03]10] 1.0/ 1.0 | 40894
0101 ]01 | 0O5)03)]01|-05]05]07 ] 10]10] 1.0]|21495
01 {01 01 | 050301 ]-05]071]03 1.0 | 1.0 | 1.0 | 20791
01 (01 ]01 050301 ]-05]07]05]10]10] 1.0 230.58
0101 ]01 050301 ]-05]071]07]10] 10| 1.0 | 25880
01 (01 ]01 | 0503 )]03]-09]01]0.1 1.0 | 1.0 | 1.0 | 207.50
01 (0101 ]05)]03]03]-09]01]03]10]10] 1.0 29.07
01 (01 ] 01 | 0503 )]03]-09]03]0.1 1.0 | 1.0 | 1.0 | 407.37
01 (01 ]01 | 05)]03]03]-07]01]05]10] 10 1.0 | 230.08
01 (01 01 | 05)]03]03]-07]011]07]10]10] 1.0 34157
01 (01 ] 01 | 05]03)]03]-07]03]0.1 1.0 | 1.0 | 1.0 | 207.50
01 {01 01 | 05)]03]03]-07]03]03 1.0 | 1.0 | 1.0 | 294.07
01 (01 ]01 | 050303/ ]-07]05]0.1 1.0 | 1.0 | 1.0 | 407.37
0101 ]01 050303 ]-05]03]05]10]10] 1.0 230.08
01 (01 01 | 0503 ]03]-05]031]07]10]10] 1.0 34157
01 (01 ]01 | 05)]03)]03]-05]05]0.1 1.0 [ 1.0 | 1.0 | 207.50
0101 ]01 | 050303 ]-05]05]03]10]10] 1.0 29.07
01 (01 ]01 | 05]03)]03]-05]07]0.1 1.0 | 1.0 | 1.0 | 407.37
01 (01 ]01]05)]03]03]-03]051]05]10]10] 1.0 230.08
0101 ]01 | 0503 ]03]-03]05]07 ] 10] 10| 1.0 | 34157
01 (01 ]01 |]05]03])]03]-03]07]0.1 1.0 | 1.0 | 1.0 | 207.50
01 (01 ]01 ]05)]03]03]-03]071]03]10]10] 1.0]29%.07
0101 ]01 | 0503 ]03]-01]07]05]10] 10| 1.0 | 230.08
01 (0101 | 0503 ]03]-01]071]07 ] 10] 10| 1.0 34157
01 (01 ]01 | 05)]03]05]-09]011]07]10]10] 1.0 | 35856
0101 ]01 | 0503 )]05]-09]03]03 ] 10]10] 1.0 ]|279.55
01 101 ]01 | 05]03]05]-09]05]0.1 1.0 | 1.0 | 1.0 | 499.80
01 (01 ]01 0503 )]05]-07]03]05]10]10] 1.0 27955
01 (01 ] 01 | 05)]03])]05]-07]05]0.1 1.0 | 1.0 | 1.0 | 229.08
01 {01 |01 | 05|03 ]05]-07]051]03 1.0 | 1.0 | 1.0 | 499.80
01 (01 ]01 | 0503 )]05]-05]03]07]10]10] 1.0 ]|27955
0101 ]01 | 0503 |]05]-05]05]03]10]10] 1.0 229.08
01 (01 ]01 0503 ]05]-05]051]05]10] 10/ 1.0 | 499.80
01 (01 ]01 | 05]03)]05]-05]07]0.1 1.0 [ 1.0 | 1.0 | 358.56
0101 ]01 | 0503 |]05]-03]05]05]10]10] 1.0 | 229.08
01 (01 ]01 0503 ]05]-03]051]07]10] 10/ 1.0 499.80
01 (01 ]01 | 05)]03]05]-03]07]03]10]10] 1.0 35856
0101 ]01 | 0O5)]03]05]-01]051]07]10]10] 1.0 229.08
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB

model for different choice of parameters with P =P =P, =0.7
Cy | Co | Cry | Cy | Cxy | Cxy | Py | Pomy | Pxixy | 6| 61 | 62 RE

01 /01 /01 |]05]03]05)]-01]07]05 1.0 | 1.0 | 1.0 | 358.56

01 /01 01 ]05]03]05]011]07]07 ] 10] 10] 1.0 | 35856

0.1 0.1 0.1 05 105 | 01 | -07] 0.1 0.5 1.0 1.0 1.0 | 229.58

01 /01 01]05]05]01]-07]017]07 ) 10] 107 1.0 | 280.29

01 /01 |01 ]05]05]01)-07]03]03 1.0 | 1.0 | 1.0 | 229.58

0.1 0.1 0.1 0510501 | -07] 03] 0.5 1.0 1.0 1.0 | 280.29

01 /01 /01 050501 |-07]03]07 |10 10] 1.0 359.78

01 01 |01 ]05]05]01]-07]05]0.1 1.0 | 1.0 | 1.0 | 229.58

0.1 0.1 0.1 0510501 | -07] 05 ] 03 1.0 1.0 1.0 | 280.29

01 /01 |01 05|05 |01 |-07]05]05 1.0 | 1.0 | 1.0 | 359.78

01 |01 |01 ]05]05]01]-07]07]0.1 1.0 | 1.0 | 1.0 | 280.29

0.1 0.1 0.1 0510501 | -07] 07| 03 1.0 1.0 1.0 | 359.78

01 {01 |01 [05]05]03]-09]01]0.1 1.0 | 1.0 | 1.0 | 279.55

01 /01 |01 ]05]05]03)-07]01]05 1.0 | 1.0 | 1.0 | 358.56

0.1 0.1 0.1 0510503 ]-07]03] 03 1.0 1.0 1.0 | 358.56

01 {01 |01 ]05]05]03]-07]05]0.1 1.0 | 1.0 | 1.0 | 358.56

01 /01 /01 ]05]05]03]-05]011]07 ]| 10 10] 1.0]229.08

0.1 0.1 0.1 0510503 ]-05]03] 0.5 1.0 1.0 1.0 | 229.08

01 /01 01 ]05]05]03]-05]031]07 ] 10] 1.0] 1.0 | 499.80

01 /01 | 01 |]05]05]03)-05]05]03 1.0 | 1.0 | 1.0 | 229.08

0.1 0.1 0.1 0510503 ]-05]05] 0.5 1.0 1.0 1.0 | 499.80

01 {01 |01 ]05]05]03]-05]07]0.1 1.0 | 1.0 | 1.0 | 229.08

01 /01 |01 |]05]05]03)-05]07]03 1.0 | 1.0 | 1.0 | 499.80

0.1 0.1 0.1 05 10503 ]-03]05] 0.7 1.0 1.0 1.0 | 279.55

01 /01 |01 |]05]05]03)-03]07]05 1.0 | 1.0 | 1.0 | 279.55

01 /01 |01 |]05]05]05)]-09]01]03 1.0 | 1.0 | 1.0 | 228.09

0.1 0.1 0.1 0510505 ]-09] 03] 0.1 1.0 1.0 1.0 | 228.09

01 /01 |01 |]05]05]05]-07]01]05 1.0 | 1.0 | 1.0 | 228.09

01 /01 |01 |]05]05]05)]-07]03]03 1.0 | 1.0 | 1.0 | 228.09

0.1 0.1 0.1 05 10505 ]-07] 05 ] 0.1 1.0 1.0 1.0 | 228.09

01 /01 01 ]05]05]05]-05]017]07 ] 10]10] 1.0 | 228.09

01 /01 | 01 |]05]05]05)]-05]03]05 1.0 | 1.0 | 1.0 | 228.09

0.1 0.1 0.1 0510505 ]-05]05] 03 1.0 1.0 1.0 | 228.09

01 {01 |01 |05 ]05]05]-05]07]0.1 1.0 | 1.0 | 1.0 | 228.09

01 /01 01 ]05]05]05]-03]037]07 ) 10]10] 1.0 |228.09

0.1 0.1 0.1 0510505 ]-03]05]0.5 1.0 1.0 1.0 | 228.09

01 /01 | 01 |]05]05]05)]-03]07]03 1.0 | 1.0 | 1.0 | 228.09

01 /01 01 ]05]05]05]-01]057]07 ) 10]10] 1.0 |228.09

0.1 0.1 0.1 0510505 ]-01] 07 0.5 1.0 1.0 1.0 | 228.09

01 /01 01]05]05]05]011]07]07 ) 10]10] 1.0 | 228.09
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, =P, =0.7

Cy C},1 C;,2 Cyp | Cxy | Cxy | Py, | Pyxy | P, | O 6, 0, RE

03 1030303 ]01 |03 ]-09]07]07 1.0 | 1.0 | 1.0 | 220.64
03 /03,03 ]03]03]01]-09]1031]07 ] 10]10] 1.0 |220.64
03 103 ,03]03]03 01 )-09]05]05 1.0 | 1.0 | 1.0 | 220.64
03 /03,03 ]03]03]01]-09]05]07 1.0 | 1.0 | 1.0 | 283.48
03 103,03 ]03]03 01 )-09]07]03 1.0 | 1.0 | 1.0 | 220.64
03 103,03 ]03]03 01 -09]07]05 1.0 | 1.0 | 1.0 | 283.48
03 10303 ]03]03]01]-09]07]07 1.0 | 1.0 | 1.0 | 396.38
03 /03,03 ]03]03]03]-09]011]07 ] ]10] 107 1.0 | 22840
03 103,03 ]03]03]03)]-09]03]05 1.0 | 1.0 | 1.0 | 22840
03 103 03 ]03]03]03)]-09]05]03 1.0 | 1.0 | 1.0 | 228.40
03 103,03 ]03]03]03]-09]07]0.1 1.0 | 1.0 | 1.0 | 22840
03 /03 ,03]03]03]03]-07]031]07])]10]10] 1.0 | 22840
03 103 03]03]03]03)]-07]05]05 1.0 | 1.0 | 1.0 | 228.40
03 103,03 ]03]03]03)]-07]07]03 1.0 | 1.0 | 1.0 | 22840
03 /03 ,03]03]03]03]|-05]05]07 ] ]10]10] 1.0 | 22840
03 103 03 ]03]03]03)-05]07]05 1.0 | 1.0 | 1.0 | 228.40
03 /03,03 ]03]03]03]-03]071]07 ] ]10]10] 1.0 | 22840
03 /03 ,03]03]03]05]-07]051]07 ] 10 10] 1.0]326.22
03 103 03 ]03]03]05]|-07]07]05 1.0 | 1.0 | 1.0 | 326.22
03 /03,03 ]03]03]05]-03]071]07]]10] 10/ 1.0 | 245.69
03 103,03 ]03]05]01-09]071]07]]10] 10/ 1.0 | 20433
03 /0303 ]03]05]|]03]-09]01 1|07 1.0 | 1.0 | 1.0 | 485.29
03 103,03 ]03]05]03)]-09]03]05 1.0 | 1.0 | 1.0 | 245.69
03 103,03 ]03]05]03]-09]07]03 1.0 | 1.0 | 1.0 | 326.22
03 10303 ]03]05]03]-07]03]0.7 1.0 | 1.0 | 1.0 | 245.69
03 103,03 ]03]05]03]-07]07]05 1.0 | 1.0 | 1.0 | 326.22
03 103 ,03]03]05]03]-05]07]07 |10 10] 1.0 32622
03 103,03 ]03]05]|]05]-09]01]07 1.0 | 1.0 | 1.0 | 323.40
03 103,03 ]03]05]05)]-09]07]03 1.0 | 1.0 | 1.0 | 209.78
03 /03,0303 ]05]05]-07]031]07 ] ]10]10] 1.0 | 32340
03 /0303 ]03]05]|]05]-05]05]07 1.0 | 1.0 | 1.0 | 323.40
03 /03,03 ]03]05]05]-03]071]07]10]10] 1.0 | 32340
03 10303 ]05]01|03]-09]07]0.1 1.0 | 1.0 | 1.0 | 211.04
03 103 03 ]05]01]03]-09]07]03 1.0 | 1.0 | 1.0 | 231.73
03 103,03 ]05]01 03 ]-09]07]05 1.0 | 1.0 | 1.0 | 256.90
03 /03 ,03]05]01 03 ]-09]07]07 |10 10] 1.0 | 28822
03 103 03 ]05]01]03]-07]07]05 1.0 | 1.0 | 1.0 | 217.52
03 103,03 ]05]01 03 -07]1071]07]]10] 107 1.0 | 239.55
03 103,03 ]05]01 03 ]-05]071]07]]10] 10/ 1.0 |204.95
03 103 03 ]05]01]05]-09]07]03 1.0 | 1.0 | 1.0 | 210.54
03 103 /03 ]05]01]05]-09]07]05 1.0 | 1.0 | 1.0 | 247.23
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Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB

model for different choice of parameters with P=P =P, =0.7

03 /0303 ]05]0105]-09]07]07 ] ] 10] 1.0 1.0 | 29941

03 /0303|0501 05]-07]071]05]10]10] 1.0 |210.54

03 /0303 ]05]601|]05]-07]107 107 | 10] 10| 1.0 |247.23

03 /03030501 05]-05]071]07 ] 10]10] 1.0 |210.54

03 /03 ,03]05]03]01-09{01]05]10] 10] 1.0 21752

03 /03,03 [05]03]01]-09]1017]07 ]| 10] 10| 1.0 | 239.55

03 /0303 ]05]03]01]-09]03]0.1 1.0 | 1.0 | 1.0 | 211.04

03 /03,03 ]05]03]01]-09]1031]03]10]10] 1.0 |231.73

03 /03 /03 ]05]03]01]-09]03]05 1.0 | 1.0 | 1.0 | 256.90

03 /03 ,03]05]03]01]-09]03]07]10] 10] 1.0 |288.22

03 103 03 [05]03]01|-09]05]0.l1 1.0 | 1.0 | 1.0 | 247.92

03 /03 /03 ]05]03]01]-09]05]03 1.0 | 1.0 | 1.0 | 276.96

03 /03 03 ]05]03]01]-09]05]05 1.0 | 1.0 | 1.0 | 313.71

03 /0303050301 ]-09]051]07] ] 10]10] 1.0 |361.70

03 103 ]03]05]03)]01]-09]07]0.1 1.0 | 1.0 | 1.0 | 300.42

03 /03 03 ]05]03]01]-09]07]03 1.0 | 1.0 | 1.0 | 344.15

03 /03,03 ]05]03 |01 |-09]07]05]10] 10/ 1.0 | 402.77

03 /03 ]03]05]03]01]-09]1071]07 ]| 107] 1.0 ] 1.0 | 48546

03 /03,03 ]05]03]01]-071]057]07]]10] 10 1.0 | 20495

03 /03 ,03]05]03 |01 |-07]07]05]10]10] 1.0 21752

03 /0303 ]05]03]01]-071]107 107 ]| 10] 10| 1.0 |239.55

03 /03 03 ]05]03]03]-09]01]05 1.0 | 1.0 | 1.0 | 213.97

03 /0303 ]05]03)]03]-09]017]07] 107110 1.0 |293.71

03 /03 /03 ]05]03]03]-09]03]03 1.0 | 1.0 | 1.0 | 261.26

03 /03 03 ]05]03]03]-09]03]05 1.0 | 1.0 | 1.0 | 390.79

03 03 03 []05]03]03]-09]05]0.1 1.0 | 1.0 | 1.0 | 33536

03 /0303 ]05]03]03]-07]03]05 1.0 | 1.0 | 1.0 | 213.97

03 /0303 ]05]03]03]-07]037]07] ] 10] 1.0 ] 1.0 |293.71

03 /0303|0503 )]03]-07]057]03] ] 10]10] 1.0 |261.26

03 /0303 ]05]03]03]-07]05]05 1.0 | 1.0 | 1.0 | 390.79

03 03 03 ]05]03]03]-07]07]0.1 1.0 | 1.0 | 1.0 | 335.36

03 /03 ,/03]05]03]03)|-05]05]05]10]10] 1.0 |21397

03 /0303050303 ]-05]057]07] 107 1.0 1.0 |293.71

03 /03 03 ]05]03]03]-05]07]03 1.0 | 1.0 | 1.0 | 261.26

03 /0303|0503 )]03]-05]07]05] ] 10]10] 1.0 |390.79

03 /0303 ]05]03]03]-03]07]05 1.0 | 1.0 | 1.0 | 213.97

03 /0303 ]05]03)]03]-03]07]07] ] 10]10] 1.0 |293.71

03 /03 /03 ]05]03]05]-09{03]05]10] 10] 1.0 |242.67

03 /03,03 ]05]03]05]-09]037]07 |10 10/ 1.0 | 49842

03 /03 03 ]05]03]05]-09]05]0.1 1.0 | 1.0 | 1.0 | 207.22

03 103103 ]05]03)]05]-09]051]03]) 10]10] 1.0 | 368.84

439




IMPROVING THE BAR-LEV, BOBOVITCH & BOUKAI RANDOM RESPONSE MODELS

Appendix
Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB
model for different choice of parameters with P=P, = P, =0.7

Cy | Cri | Cra| Cy | Cx1 | Cxa | Poy | Pyxy | Py | O o 0 RE

03 103 ]03]05)]03]05]-07]03]07 ] 10]10] 1.0 | 242.67
03 |03 ]03 [05]03]05]-07]05]03] 10 10] 1.0 |207.22
03 103 ]03]05)03]05]-07]051]05]10]10] 1.0 | 368.84
03 103 ]03]05]03]05]-07]071]01 ] 10]10] 1.0 | 29274
03 | 03 ]03 [05]03]05]-05]05]05] 10 10] 1020722
03 103 ]03 05,0305 ]-05]051]07 ] 10]10] 1.0 368.84
03 103 ]03]05)03]05]-05]07]03]10]10] 1.0 29274
03 | 03 ]03 [05]03]05]-03]05]07] 10 10] 1020722
03 103 ]03]05,03]05]-03]07]05]10]10] 1.0 29274
03 103 ]03]05]03]05]-01]07]07 ] 10]10] 1.0 29274
03 /03 ]03 [05]05]01]-09]01]01 ] 10 10 ] 1.0 |210.54
03 103 ]03 05,0501 ]-09]011]03]10] 10| 1.0 | 24723
03 | 03 ]03 050501 [-09]01] 05 ] 10]10] 1.0 | 29941
03 /03 ]103[05]05]01]-09]01] 07 ] 10 10 ] 1.0 | 379.50
03 103 ]03]05,05]01]-09]037]01 ] 10] 10| 1.0 | 24723
03 | 03 ]03 050501 [-09]03] 03] 10]10] 1.0 ]29941
03 |/ 03 ]03 [05]05]01]-09]03]05] 10 10] 1.0 379.50
03 103 ]03 050501 [-09]051]01 ] 10]10] 1.0 ]29941
03 103 ]03]05)05]01]-09]05]03]10]10] 1.0 37950
03 /03 ]03 [05]05]01]-09]07]01] 10 10 ] 1.0 | 379.50
03 103 ]03]05)05]01]-07]051]07 ] 10]10] 1.0 21054
03 103 ]03]05]05]01]-07]07]05]10]10] 1.0 21054
03 /03 ]1]03 [05]05]01]-07]07] 07 ] 10| 10| 1.0 |247.23
03 103 ]03]05)05]03]-09]011]03]10]10] 1.0 24267
03 103 ]03 1050503 ]-09]01]05]10] 10| 1.0 | 49842
03 |03 ]03 [05]05]03]-09]03]01 ] 10 10] 1.0 | 242,67
03 103 ]03]05)05]03]-09]03]03 ] 10]10] 1.0 49842
03 103 ]03 050503 ]-09]051]01 | 10]10] 1.0 | 49842
03 |03 ]103[05]05]03]-07]01]07 ] 10| 10] 1.0 | 29274
03 103 ]03]05]05]03]-07]03]05]10]10] 1.0 29274
03 103 ]03 050503 ]-07]051]03]10]10] 1.0 29274
03 | 03 ]03 [05]05]03]-07]07]01] 10 10 ] 1.0 | 29274
03 103 ]03]05)05]03]-05]03]07]10]10] 1020722
03 103 ]03]05)05)|]03]-05]051]05]10]10] 1.0 20722
03 | 03 ]03 [05]05]03]-05]05]07] 10 10] 1.0 | 368.84
03 103 ]03]05)05]03]-05]07]03]10]10] 1020722
03 103 ]03 050503 ]-05]07]05]10]10] 1.0 | 368.84
03 | 03 ]03 [05]05]03]-03]07]07 ] 10| 10] 1.0 | 242.67
03 1 03 ]03]05]05)]05]|-09]01]05]10]10] 1.0 ] 280.25
03 1 03 ]03 050505 ][-09]03]03] 10]10] 1.0 | 280.25
03 | 03 ]03]05]05]05)]-09]05]01]10] 10/ 10 |280.25

440



ODUMADE & SINGH

Appendix
Table 3.1 (continued): Relative efficiency of the proposed ratio estimator with respect to the BBB

model for different choice of parameters with P=P, = P, =0.7
Cy | Cyy | Cya | €y | ot | Cxo | Pywy | Pomy | Py | O & 0 RE

03 10303 ] 05|05 05]-07]0.1 0.7 1.0 1.0 1.0 | 280.25

03 /03103050505 ]-07]103]05]10]10] 1.0 |280.25

03 /03 ]03]05]05 )05 ]-07]051]03 1.0 | 1.0 | 1.0 | 280.25

03 103 03 ]05]05]05]-07]07] 0.1 1.0 1.0 1.0 | 280.25

03 /03 ]03 050505 ]-05]037]07]10]10] 1.0 |280.25

03 /03 ]03]05]05)]05]-05]051]05]10]10] 1.0 |280.25

03 103 03 ]05]05 )05 ]-05]07]03 1.0 1.0 1.0 | 280.25

03 /03 ]03 050505 ]-03]051]07]10]10] 1.0 |280.25

03 /03 ]03]05]05)]05]-03]07]05]10]10] 1.0 |280.25

03 103 03 ]05]05]|05]-01] 07107 1.0 1.0 1.0 | 280.25

05 10505103 ]05]03]-09]1071]07]|]10] 10| 1.0 |211.38

05 050510510303 ]-09]051]07]10] 10/ 1.0 | 24336

05 105050503 )03 ]-09]07]03 1.0 1.0 1.0 | 22431

05 105051050303 ]-09]1071]05]|]10] 10 1.0 | 293.18

05 050510510303 ]-09]071]07]10] 10/ 1.0 | 423.08

05 105050503 03]-07] 07107 1.0 1.0 1.0 | 243.36

05 1050510503 ]05]-09]1051]07 ] 10] 10/ 1.0 | 26596

05 1051050503 )]05]-09]07]03 1.0 | 1.0 | 1.0 | 230.32

05 105050510305 ]-09]07] 05 1.0 1.0 1.0 | 385.15

05 1050510503 ]05]-07]1071]05]10]10] 1.0 | 23032

05 /0505050305 ]-07]071]07]]10] 10 1.0 | 38515

05 10505 ]05]03 |05 1]-05]07] 07 1.0 1.0 1.0 | 230.32

05 /050505 ]05,03]-09]01]07 )] 10] 10 1.0 | 203.10

05 /0505050503 ]-09]03]05]10]10] 1.0 |203.10

05 105,05 ]05]05 |03 1]-09] 03] 07 1.0 1.0 1.0 | 314.65

05 105105050503 ]-09]05]03 1.0 | 1.0 | 1.0 | 203.10

05 1050505 ]05]03]-09]05]05 1.0 | 1.0 | 1.0 | 314.65

05 1 0505|0505 |03 ]1]-09]07] 0.1 1.0 1.0 1.0 | 203.10

05 105105050503 ]-09]07]03 1.0 | 1.0 | 1.0 | 314.65

05 /050505 ]05]03]-07]051]07]10]10] 1.0 23032

05 10505 ]05]05 |03 1]-07]07]05 1.0 1.0 1.0 | 230.32

05 10505050503 ]-07]107 107 ] 10] 10/ 1.0 | 38515

05 050505 ]05]05]-09]1031]07]10] 10/ 1.0 | 423.08

05 105050505 |05 ]-09]05] 05 1.0 1.0 1.0 | 423.08

05 105105050505 ]-09]07]03 1.0 | 1.0 | 1.0 | 423.08

05 050505 ]05]05]-07]051]07]10] 10/ 1.0 | 423.08

05 1 0505|0505 |05 1]-07]07] 05 1.0 1.0 1.0 | 423.08

05105105105 ]05]05]-05]1071]07]10] 107 1.0 | 423.08
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Table 4.1: Relative efficiency of the proposed power transformation estimator with respect to the BBB

model for different choice of parameters with P =P =P, =0.7
C7 C71 C72 Cy Cxy | Cxp | Pyxy | Pyxy | Prxixy 0 o, 0y | Xopt RE

0101010503 ]05]01]07]07]05]05]05]100] 221.88

01,0101 05|05 ]03]07]01]07])]05]05]05]-1.00] 221.88

01101 ]01]05]05]051]011]07]07]05]05]05]1.04] 21547

01 /0101 ]05|]05]05]07]01]07]05]05]05-1.04] 21547

01,0101 0103 ]05]01]071]07]]10]10] 10 |023] 23449

011010101 ]05]03]07]01]07]10]10] 1.0 |-023] 23449

01,0101 ]03]01]03]01]07]05])]107]10]1.0/]0.79] 20237

01,0101 030103 ]01]071]07]]10]10] 10 093] 250.17

011010103 ]01]051]01]07]05]10]10] 10047 206.00

01,0101 ]03]01]05]01]07]07]10]10] 1.0 |0.52] 230.87

01 010103 ]01]05]03]07]07]|]10]10] 1.0]049] 200.86

01101 ]01]03]03]01]07]01]05 1.0 | 1.0 | 1.0 |-0.79 | 202.37

0101010303 0107 ]01]07]10]10] 1.0 [-093] 250.17

01,0101 ]]03]03]03]01]07]07]]10]10] 10 |0.8 ]| 206.79

01,01 ]01]03]03]03]07]011]07]10]10] 1.0 |-0.89] 206.79

01 01010303 ]05]01]07]05)10]10]1.0/049 ] 200.61

01 ,01]01]03]03]05]01]07]07]|]10]10] 1.0]0.70]| 358.60

011010103 1]05]01]07]01]05 1.0 | 1.0 | 1.0 |-0.47| 206.00

01,0101 ]03]05]01]07]01]07]10]10] 1.0 |-052] 230.87

01010103 ]05]01]07]03]07])]10]10] 10 [-049] 200.86

01 101 ]01]03]05]03]07]01]05 1.0 | 1.0 | 1.0 |-0.49| 200.61

01 010103050307 ]01]07]|]10]10] 1.0 [-070] 358.60

01 1010103 ]05]05]01]07]07 ] 10]10]10|057] 222091

011010103 ]05]051]07]01]07]10]10] 10 |-057] 22291

01 /010105010301 ]07]05])]107]10]1.0]131] 206.82

01,0101 050103 ]01]071]07 ] 10]10] 10 |156] 25832

011010105 ]01]05]01]07]05]10]10]1.0]078] 210.69

01,0101 ]05]01]05]01]07]07|]10]10] 1.0 ]0.8 | 23740

01 101010501 ]05]03]07]0710]10] 10 |0.81] 20521

01 10101 ]05]03]01]07]01]05 1.0 | 1.0 | 1.0 |-1.31] 206.82

01 01010503 ]01]07]01]07 ] 10]10] 10 |-156] 25832

01 10101050303 ]01]07]07]|]10]10] 10149 211.54

01101010503 ]031]07]01]07]10]10] 10 |-149] 211.54

01 /01010503 ]05]01]07]05]|]10]10] 1.0]0.81] 20494

01 101010503 ]05]601]07]07]]10]10]10|1.17] 379.21

01 1010105 ]05]01]07]01] 05 1.0 | 1.0 | 1.0 |-0.78] 210.69

01 /010105050107 ]01]07|]10]10] 1.0 |-0.86]| 23740

01 101010505 ]01]07]03]07 ] 10]10] 10 |-081] 20521

01 10101 ]05]05]03]07]01]05 1.0 | 1.0 | 1.0 |-0.81| 204.94

01 /0101 ]05]05]03]07]01]07107]10]10|-117] 379.21

01,0101 05|05 ]05]01]071]07 ] 10]10] 1.0 |095] 228.82

01101 ]01]05]05]051]07]01]07]10]10] 1.0 |-095] 228.82
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