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ABSTRACT

In this paper a new form of ratio estimator using the linear combination of Median and Quartile Deviation of auxiliary variable under
rank set sampling has been suggested. We have proved theoretically that the proposed estimator is more efficient than the classical
estimator of ranked set sampling. The results are supported by empirical study also.
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RESUMEN

En este trabajo sugerimos una nueva forma del estimador de razén usando una combinacion lineal de la Mediana y la Desviacion
Cuartilica de la variable auxiliar bajo muestreo por rangos ordenados. Hacemos una propuesta tedrica sobre el estimador su mayor
eficiencia con respecto al estimador clasico de muestreo por rangos ordenados. Los resultados son soportados por los resultados de un
estudio empirico.

1. INTRODUCTION:

The ratio method of estimation is an important type of estimation in sample surveys which utilizes information on
the auxiliary variable with a view of increasing the precision of the estimate of the population mean. The classic

ratio estimator for population mean Y of the study variable is defined as y, = y/f)? = RX assuming that the
population mean of the auxiliary variable is known, ¥ and i are sample means of the study variable and auxiliary
variable, and the mean square of the classical ratio estimator is ( MSE(¥,) = 6Y2[C2 + CZ — 2p,,C, C,]). We

denote & = 1/n(ignoring sampling fraction), R = % is the population ratio, p,, isthe correlation coefficient
between X and Y, C, and C, are the coefficients of variations of the study variable and the auxiliary variable
respectively.

The next section presents the basics on the use of a ratio estimator when ranked set sampling is used. The proposed
estimator is developed in section 3 and the last section is concerned with an empirical study.

2. RATIO ESTIMATION UNDER RANKED SET SAMPLING (RSS)

An alternative method to Simple random sampling (SRS) known as Ranked Set Sampling (RSS) was introduced to
increase the efficiency of the estimation of population mean by Mclntyre (1952). The method is useful when the
variable of interest is very expensive or difficult to measure but it can be easily ranked at a negligible cost. The
original form of RSS conceived by Mclintyre (1952) can be described as follows. First, a simple random sample of
size k is drawn from the population and the k sampling units are ranked with respect to the variable of interest, say
X, without measuring Y. Then the unit with rank 1 is identified and taken for the measurement. The remaining units
of the sample are discarded. Next, another simple random sample of size k is drawn and the units of the sample are
ranked by judgment, the unit with rank 2 is taken using the measurement of X and the remaining units are discarded.
This process is continued until a simple random sample of size k is taken and ranked and the unit with rank k is
taken for the measurement of X. This whole process is referred to as a cycle. The cycle then repeats m times and
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yields a ranked set sample of size n = mk. In recent past a lot of research has been done in RSS by Jeelani et al.
(2013, 20144, 2014b, 2014c).
Takahasi-Wakimoto (1968) gave mathematical support to his claims. Dell-Clutter (1972) established that even if

the ranking is not perfect the proposed estimator is still unbiased. The use of RSS is the theme a growing number of
papers. Patil et.al. (2002) and Bouza (2005) Alomari-Bouza (2014) gave reviews of the theme as well as a large list
of papers.

Different developments of ratio type estimators has been developed for RSS, see for example Al-Omari et al
(2009, Bouza (2011).The classical ratio estimator under RSS proposed by Samawi and Muttlak (1996) is given
below;

Frss = 2= (2.2)

Xrss

where y,.., = ﬁﬂ‘ﬂ Y, and X4 = # k | X;, assuming that the population mean of the auxiliary variable is
known the equation (2.1) changes to ;
Vrss = Z:X = ﬁrssX (2.2)
The mean square error of this estimator is given by;
a 2
MSE(Gyss) = [8{C2 + €2 = 200, 0} — {ay — )] (2.3)
where,
_1 P S 1 /Zi”=1<y_i-?>2
6= /mk’Cy_V’Cx_x’pyx_sysx’sy_ N-1 '
2 =52 _ 20— (x=X)
Sx = N-1 ' Syx = N N-1 ’
1 1 1 1
) = 2miZ 1 %0 ai[i] = emxz 1 li(i),
1 1 4 T
Tyr(i) = a7 et Ay » Ay = (bety = K)o Aypiy = (aypiy = 7)
and

Ay = () = X) (ty = 7)
Py is correlation coefficient between study variable and auxiliary variable, C,, and C, are coefficient of variations
of study variable and auxiliary variable.

3. THE PROPOSED ESTIMATOR

Now using the linear combination of Median and Quartile Deviation of the auxiliary variable we propose the
following estimator under rank set sampling;

i'rss =1 &X = ﬁtrssX (3.1)

Xrss

XMd+Qd . (N-1) (N-1)
where,t = drod Md = Medianand Qd = Q; — Q, Q5 = 3T ,Q, = —
Then;
i'rss =1 %X = ﬁtrssX (3.2)
The mean square of R, Will be estimated by the procedure given below ;
MSE(Rrrss) =E(Rppss — Rrss)z (3-3)
Note that

~ ~ s 2 - _ 2
MSE(Rrrss) = E(Rrrss — Rrss)z =F (T & _ Rrss) =F ( Trss Rrssxrss)

Xrss Xrss

Applying Taylor Series approximation, we have
PN 1 — —
MSE(Rrrss) = EE (TYrss - Rrssxrss)Z

_ S -1
e A 1/ xrss_X/_) ~ 1/_
e = Ixrx,, —x= /% (” x) =/0
as per Wolter (1985).

~ 1 — S _ S 1 — S — S _ S
MSE(Rrrss = EE{(TYrss - Y) - Rrss(xrss - X) = E{E(Tyrss - Y)Z - ZRrssE(TYTss - Y)(xrss - X) +

RrsszE(frss - X')Z}
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Then, if C is a constant

s (a—b)? = a? — 2ab + b?
= R E G — 2TTE () + T 4 Ry, 2Var(By) = 2Ry [TE s ) — VE () + P}
w E(CX) = cE(X),Var(CX) = C*Var(X) ,
= (T [var Grss) + 72 + V2 (1 = 20) + Rygy Var (Frgs) = 2Rrgs 7000 (FyssFys)}
= %{Tzvar(yrss) +V2(1 = 20)% + Ry 2Var(Xyss) — 2R, 5570V (FyssXrss)}
Now the mean square error of y,,.., in equation (2.1) will be ;

MSE(?TTSSS) = {Tzvar(yrss) + Y2 (1 - ZT)Z + Rrsszvar(frss) - ZRTSSTCOV(:)_]rsserS)}
where ,

zar(yrss) - /km (ay 1/k /12 ) var(xrss) - 1/km (Ux 1/k x(l)) Cov(yrss rss) - ~
/km (ny /k Zi:l Ayx(i))l Ax(l) - (.ux(t) X)'/l il — (.uy - Y) and Ayx(i) - (.ux(i) X)(.uy[i] - Y)

. 1
& MSE(Fersss) = 7— (t202 - Rmmyx + Ry a,f) +72%(r —1)2

Zm (TZ Z /1;[ 2RTSST Z Ayx(l) + RTSS Z Ax(l))
i=1

Suppose that
1
IP = k2m (TZ i'le /1;[1'] - ZRTSSTZiF:l Aix(i) + Rrss2 Z{'{:l Aazc(i))’
where 1 is non-negative value, then the increase in accuracy of the proposed estimator is readily obtained.

. . . MSE(}AITTSSS) = MSE(f]rss)__ Y. . . . .
From this condition it can easily be seen that the MSE of proposed estimator is less than the classical ratio estimator
of rank set sampling proposed by Samawi and Muttlak (1996), provided ip > 1. The bias of the proposed estimator
is given below; ~ ~
Vess =YL +10) Xpgs =X(1+ 1),
such that the expectation of ¢, and ¢, is equal to zero
E(p)=El)=0

Hence
14 TSS
V() = E(p?) =222 = LIy 72, 1= (67— a2y
Similarly
V) =EW?) = |6C2 - “i(i)J
and
Ccov(y*x*) 1 1
Cov (10111) =F (10111) = % = YZrm Oyx — ;Zé;l Ayx(i)] = [5prCx - ayx(i)]
where,
1 o} Oyx 1 1
6=— CZ Y;;’ Cy? Xz' ny = ny pC Cy i(i) kszZ Zl 1AX(1)’ ajzl[i] = mﬁzﬁl/ﬁ(i)' Ayx()) =
kzmﬁl 1Ay Ax) = (e = X) Ay = (g = ¥) - and Ay = (ay = X) (yiy = ¥)
also,
PN yrss 5 Y(l + 0)
=1 X =t =—SX =tV@A + 1) + )
YTrss xrss X(l + 1) 0 1

Taking expectations on both sides the bias of ¥, is
Bias (Jyss) = (1= DY =1V (6CZ — alyy — 6Cyr + Ayriy)

4. EMPIRICAL STUDY :

In this section we use the data of Jeelani et al. (2014). The data was collected on Apple production from the district
Ganderbal of Kashmir valley from 420 orchards in 30 villages. The variables chosen for the study, where Yield
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(MT), Area (ha). We take equal samples for each ratio estimator for the sake of comparison. The sample sizes
considered were 16, 40, 72 . The set size for the ranked set ratio estimator is k = 2, 5,9 and the number of cycles
m =8, thatis (n = km = 6 x 10 = 60 . A simulation study has been carried out by taking three combinations of
set sizes and three combinations of correlation coefficients, for efficiency comparison. Using these inputs poputlion
were generated.

Table 1 gives the results obtained. It is clear that the proposed estimator is more efficient as compared to the
classical in all the cases.

Table 1 Efficiency comparison of ¥, and y,s

~ _ . n=km
Frss) Yerss) k(set size) m (no.of cycles ) (Sample size)
1.33 156 2 16
0.99 1.61 1.78 5 40
178 211 9 2
1.25 1.45 2 16
0.70 153 1.64 5 8 40
1.60 1.80 9 2
1.12 1.38 2 16
0.50 1.41 155 5 40
1.48 171 9 2

5. CONCLUSIONS

From the above derived results we conclude that the proposed ratio estimator under RSS is more efficient than
classical ratio estimator proposed by Samawi and Muttalak (1996) under rank set sampling. The efficiency of the
proposed RSS estimator decreases as the correlation coefficient decreases. These benefits of RSS need not be
restricted to simple random sampling; replacing SRS with RSS in the final stage of any survey design or method of
estimation in surveys will greatly improve the efficiency of the estimators.
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