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Abstract - This paper extends the work carried out by Onyeka (2012), by proposing a class of dual to ratio combined
estimators of the population mean in post-stratified sampling when using known value of some population parameters.
The proposed estimators, under certain conditions, are shown to be more efficient than some existing estimators,
including the usual poststratified estimator and the estimators proposed by Onyeka (2012). Properties of the proposed
class of estimators, including conditions for optimal efficiency, are obtained up to first order approximation. The results
are illustrated using empirical data.
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[. INTRODUCTION

Many authors have considered the use of some known population parameters of an auxiliary
character in formulating estimators of population parameters of a variable of interest. A lot of
theoretical and empirical studies have been carried out aong this line. Some known
population parameters of an auxiliary character, which have been considered for the purpose
of constructing estimators for some population parameters of the study variate include
coefficient of variation, (CV), used by Searls (1964) and Sisodia-Dwivedi (1981); coefficient
of kurtosis, used by Singh et a. (1973) and Upadhyaya-Singh (1999); coefficient of
skewness, used by G.N. Singh (2003); standard deviation, used by G.N. Singh (2003); and
correlation coefficient, used by Singh and Tailor (2003). A general family of estimators of Y
under the SRSWOR scheme was discussed by Khoshnevisan et.a. (2007), using known
parameters of the auxiliary variable X, such as standard deviation, coefficient of variation,
coefficient of skewness, kurtosis and correlation coefficient. Koyuncu and Kadilar (2009)
also proposed a general family of combined estimators of Y in stratified random sampling.
Onyeka (2012), motivated by the works carried out by Khoshnevisan et.a. (2007) and
Koyuncu and Kadilar (2009), developed a general family of estimators of Y under the post-
stratified sampling scheme using known values of some population parameters of an auxiliary
character. The family of estimators discussed by Onyeka (2012), was found, under some
optimum conditions, to be as efficient as the post-stratified regression estimator y e , but

more efficient, in terms of having a smaller mean squared error, than the usual poststratified
sampling estimator, Y, and other particular cases of the proposed estimators. The present

study is aimed at utilizing some variable transformation of an auxiliary character x, to extend
the work carried out by Onyeka (2012) in poststratified sampling scheme. Srivenkataramana
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(1980) used the transformation, X: :%, i=1,2,---,N, to obtain a dual to ratio
estimate of Y in simple random sampling scheme. Authors, like Singh and Tailor (2005),
Tailor and Sharma (2009), and Sharma and Tailor (2010) have used the same transformation
to improve estimates under the simple random sampling scheme. Motivated by these studies,
we intend, in the present work, to use the same transformation to extend the work carried out
by Onyeka (2012) in poststratified sampling scheme.

Let vy, (X, ) denote the i observation in stratum h for the study (auxiliary) variate in post-
stratified sampling scheme. Let a random sample of size n be drawn from a population of N
units using SRSWOR method, and let the sampled units be allocated to their respective strata,
where n,, (a random variable) is the number of units that fall into stratum h such that
L

>N, =n_ Itisassumed that nis large enough such that P(n, =0)=0,V h. Onyeka (2012)
h=1

proposed the following general family of combined estimators of the population mean Y in
post-stratified sampling scheme:

- g
aX+b J (11)

Vos = yp{a(axps +b)+ (- a)(@ax +b)

where,

Vs = S opYy isthe usual post-stratified estimator of Y
h=1

L . . . V2
Xps = XXy, isthe usual post-stratified estimator of X
h=1

X = imhfh is the known population mean of the auxiliary variate x.
h=1
a(=0),b are either constants or functions of known population parameters of the
auxiliary variate, such as standard deviation (o, ), coefficient of variation
(C,), skewness (B(x)), kurtosis (8,(x)), and correlation coefficient (p,,) .

o, = Ny, /N isstratum weight, L is the number of strata in the population, N,, isthe
number of unitsin stratum h, N is the number of unitsin the population, X, is

the population mean of the auxiliary variate in stratum h, and y, (X;,) is the
sample mean of the study (auxiliary) variate in stratum h.

Under the unconditional argument, that is, for repeated samples of fixed size n, the variances
and covariance of the estimators, y,; and X, obtained up to first order approximation are:

V(yps) = (%jhilwhsih ) (1.2

- 1-f\L
V(Xps) = (Tjhz_:lwhsih , (1.3
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CoV (Vs X ps) = (1 nf j thsyxh (1.4)

where f =n/N is the population sampling fraction, Sﬁh(sih) is the population variance of
y(x) instratum h, and S, isthe population covariance of y and X in stratum h. Let

Notes € = ypSV_Y and € XX (1.5

Under the unconditional argument, it follows that

E(e,) =E(e;) =0 (1.6)
E(e2) = (yps) 1(1-f\L
(€3) = =zl h§1mhsyh (1.7
V(X _
E(ef) = (szp ) :%(%)élmhsih (1.8)

and

E(eoel)zCOV(yps,Xps): 1 (1 f

—— — 19
YX YX\ n j > OnSh (19
Accordingly, Onyeka (2012) obtained the unconditional bias and mean squared error of y .,
up to first order approximation, respectively as

BT o) - axg(l f jz o (01 (@ +DRSZ, - 25,0) (1.10)
2X U n
and
MSE(Y ) = [1 nf j S o, (S5, + a’2*g°R*Sy, — 20AgRS, ) (1.12)
ax Y
where A =— and R =—. The (optimum) choice of o that minimizes (1.11) is
aX+b X
opt = 7}; OR and the resulting optimum unconditional mean squared error of ¥, is obtained
as

MSE g (V) = [ J(l D)% o, (112)
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where
L

L
) > o
BO _ ] hSyxh and o hSyxh
L L

Po =
2 L L
N PP

Notice that (1.12) is the same as the unconditional variance of the usual combined post-
stretified regression estimator, ¥ gec =Y ps — ﬁo(ips —X). This implies that the efficiency
of the general family of estimators, Y, proposed by Onyeka (2012), may not be improved

beyond the efficiency of the customary combined regression-type estimator in post-stratified
sampling.

(1.13)

[I. THE PROPOSED CLASS OF ESTIMATORS

Motivated by Onyeka (2012) and Srivenkataramana (1980), we propose a class of dual to
ratio estimators of the population mean,Y, in poststratified sampling, using known
population parameters of an auxiliary character x, as:

* = 9

v |o(@Xg+b)+L-a)aX+b)
yp{ = X +b (2.1)
where X;s is a transformed sample mean of the auxiliary variable, x, based on the variable

transformation, X, = and satisfying the relationship:

X =X o + (L)X s (2.2)

*

The transformed sample mean, X, in poststratified sampling, is defined along the line of
authors like Srivenkataramana and Srinath (1976), Srivenkataramana (1980), and Sharma and

Tailor (2010). Using the transformation, x? ZW’ i=1,2, ..., N, Srivenkataramana
-n
(1980) obtained a dual to ratio estimate of Y in simple random sampling scheme as
@ X
yE = {7] (2:3)

This means that the proposed estimator in (2.1) is a type of dual to ratio estimator in
poststratified sampling when using information on known parameters of an auxiliary
character, x, provided the constant g is positive. The proposed estimator in (2.1) becomes a
type of dual to product estimator if the constant g is negative. Notice that the transformed

sample mean, X;S, in (2.2) can bewritten interms of e; as

7;5 = X(1-ne,) (2.4)
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where ©t = 1f—f = ﬁ Consequently, the proposed class of estimators, y’;,ss in (2.1), can

be rewritteninterms of e, ande,; as
Voss = Y (1+e,)(1-note,)? (2.5

Assuming | naAe, | <1, so that the series (1- nae;)® converges, and expanding (2.5) up to
first order approximation in expected value, we obtain

(Vpss = Y) = Y (ep — morge, — mogese, +1g(g+Dn’a’re}) (2.6)
and
(Vo = Y)? = Y?(€] + n*a’A?g%ef — 2nange,ye;) (2.7)

To obtain the unconditional bias and mean squared error of the proposed estimators 7;§ we

take the unconditional expectations of (2.6) and (2.7), and use (1.6) — (1.9) to make the
necessary substitutions. This gives the unconditional bias and mean squared error of the

proposed class of estimators, y;ss, up to first order approximation, respectively as

_ 1-f aAg )L
B(Ypss) = (Tj[ nﬂgj 2 o (rai(g+1) RS — 2Sy4) (2.8)
and
. 1-f\L
MSE(Y ) = (TJ.EP*] (S}, + n’a’A*g°R?SZ, — 2nalgRS,,) (2.9)

Applying the least squares method, the (optimum) choice of o that minimizes (2.9), is
obtained as

Uopt = % (2.10)

and the resulting optimum unconditional mean squared error of 7;55 isobtained as
. 1-f 2y Lk 2
MSE ot (Y pss) = T (1—Po)h§1(9hsyh (2.11)

We observe that the optimum mean square error of 7;§, givenin (2.11), is the same as the
unconditional  variance of the usual post-stratified regression  estimator,
Ypsrec = Yps — ﬁo(i ps ~ X) , indicating that the efficiency of the proposed class of estimators,
7;§, just like the estimators, Y ., proposed by Onyeka (2012), may not be improved beyond
the efficiency of the customary regression-type estimator in post-stratified sampling.
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[11. EFFICIENCY COMPARISONS

Here, we shall compare the efficiency of the proposed class of dual to ratio estimators, y;ss,
with those of some existing estimators of Y, including the usual poststratified sampling
estimator, y ,, and the estimator, ¥, , proposed by Onyeka (2012).

a) Efficiency Comparison of )_/;53 and Vps Notes
To compare the efficiencies of the proposed dual to ratio estimator, y;ss, and the usual

. . . L L
poststratified sampling estimator, y,, we let A, = ,/ha(ohsf,h and A, = hélmhsih . Then,

we can rewrite (1.2) and (2.9), respectively as.

V(Yps) = (%jAS (3.2)
and
MSE(V ) = (%}(AS + 20?297 R2A? - 2madgRpoA A, ) (32)
so that
V(T ) ~ MSE(V ') = (?) (2nangRpoAGA, — 1202122 R?A2) (323)

This shows that the proposed class of estimators, 7;55 is more efficient than the estimator,
Yps» iNterms of having a smaller mean squared error, if

_Po 1 (3.4)
rahgR 2

provided a=0, a#0 and g= 0. Note that if a=0, =0 and g=0 separately, the
proposed estimator, 7;55 in (2.1) reducesto the usual poststratified estimator, y .

b) Efficiency Comparison of V;SS and )7%5)

Here, we compare the efficiencies of the proposed estimator, 37;53 and the ratio-type

combined estimator in poststratified sampling, given by

- Yos
Y ==X (35)
ps

X

with mean squared error, approximated up to first order, as

B 1-f
MSE(YR)) = (TJ(AS +R?AZ - 2Rp,A OAl) (36)

© 2013 Global Journals Inc. (US)
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Using (3.2) and (3.6), it can be shown that the proposed class of estimators, 7;$ is more
efficient than the ratio-type estimator, yg?, in terms of having a smaller mean squared error,
if

BO(l_RTCO)"g) <% (37)

¢) Efficiency Comparison of yrm and y(P)

Here, we compare the efficiencies of the proposed estimator, 7:,$ and the product-type
combined estimator in poststratified sampling, given by

y
Ve = ‘57 (3.9)

with mean squared error, approximated up to first order, as
—(P) 1-f >
MSE(YR) =| = (AZ+R2A2 + 2Rp,A oA, (3.9)

Using (3.2) and (3.9), it can be shown that the proposed class of estimators, 7:,$ iS more

efficient than the product-type estimator, yg?, in terms of having a smaller mean sguared
error, if

Boﬂs%nakg)>__l

= > (3.10)

Note that the ratio-type and product-type estimators, y{&) and y', are both members of the

family of combined-type estimators, ¥ , proposed by Onyeka (2012).

d) Efficiency Comparison of V;ss and Y pes
Here, we compare the efficiencies of the proposed estimator, 7;53 and the estimator, Vs s
proposed by Onyeka (2012), whose mean squared error can be rewritten from (1.11) as:

_ —f
MSE(Y ps) = ( - j(A0 a222g°R?A2 — 20AgRpoA A, ) (3.12)

Using (3.2) and (3.11), it can be shown that the proposed class of estimators, 7;55 is more
efficient than the estimator, Y pss in terms of having a smaller mean squared error, if

Bod-m) < 1 (3.12)
aAgR 2

provided a#0, a#0 and g= 0, as expected. However, it is worthy of note that the
estimators, 7;55 and y ,, have equal efficiency under certain optimality conditions, namely,
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Bo

if we choose ooy =R for y,« and o Po for 7;33. Under these conditions, both
g

0Pt~ TAgR

estimators have the same optimum mean squared error, (1.12) and (2.11), which is easily
recognized as the variance of the usual poststratified regression-type estimator, Y e -

V. EMPIRICAL [LLUSTRATION

Here, we use the data given in Onyeka (2012) to illustrate the properties of the estimators
proposed in the present study. The data statistics, consisting mainly of population parameters,
are shown in Table 1, while Table 2 shows the percentage relative efficiencies (PRE) of the
proposed class of estimators, 7;55 and the estimator, ¥, proposed by Onyeka (2012), over

the usual poststratified estimator y of Y in poststratified sampling scheme. We shall

consider special cases of the proposed estimator, y;$, corresponding to the same specid
cases of y discussed in Onyeka (2012).

Table 1 - Data Statistics

POPULATION MALES = STRATUM 1 FEMALES = STRATUM 2

N=96 N, = 72 N, = 24
n=20 n =38 n,= 12
X=68.13 X, = 68.11 X, = 68.17
Y=244 Y, =244 Y, = 2.46
S, =17.03 Sy =T7.28 S,, = 6.36
Si=49.37 S2, = 52.97 SZ, = 4041
S, =0.57 S,1 = 0.60 Sy2 = 0.50

2 2 2
S, =0.33 S5, =0.35 Sy, =025
Sy =3.26 Syt = 343 Spa = 275
Pyx = 0.82 Pyr = 0.80 Pz = 0.90
2 2 2
Py = 0.67 p1 = 0.64 Pz = 0.80
C, = 0.10 C,y=0.11 C,, =0.09
C,=0.23 C, =024 C,,=0.20
Bi(x)=-1.10 Bii(x) =—1.23 Bs2(x) = 0.50
Byly)= -G Pisly) =—0.14 Prly) = 0.14
B,(x)=3.83 B,y (x)=4.33 B,y(x)=1.34
Bz(y) =1.27 621 (y)=1.40 Bzz (y)=0.31
= 0.04 Y1 =10.05 v, = 0.16
_— o, =0.75 o, =0.25
__ w2 = 0.56 w5 = 0.06

© 2013 Global Journals Inc. (US)
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Table 2 - PRE of Y, and ¥ over y

Constants & Parameters Y pes A
ESTIMATORS pss
o | 8 a b M SE PRE M SE PRE

1. Usual poststratified

estimator, y . - | - - - 0012864 | 100 | 0.012864 | 100
2. Ratio-type estimator, 1|1 1 0 200.14 | 0.011308
3. Sisodia-Dwivedi (1981) .

estimator, 1)1 1 C, 208.90 | 0.011309 | 113.75
4. Singh-Kakran (1993)

estimator (1), 11 1 B,(x) 201.60 | 0.011347 | 11337
5. Upadhyaya-Singh 4

(1999) estimator (1), 1] 1Bk |C 20907 | 0011308 | 113.76
6. Upadhyaya-Singh ,

(1999) estimator (2), 1)1 C, B, (x) 161.12 | 0.011666 | 110.27
7. Singh-Tailor (2003)

estimator (1), 171 1 Py 207.42 | 0011316 | 113.68
8. Product-type estimator, 1|4 1 0 0024637 | 5221
9. Pandey-Dubey (1988)

estimator, 1|1 1 C, 0.024616 | 52.26 79.57
10. Upadhyaya-Singh

(1999) estimator (3), 1] -1] Bk | ¢ | 0024632 5222 79.55
11. Upadhyaya-Singh

(1999) estimator (4), 1 -1] C | Bylx) | 0019818 | 6491 87.03
12. G.N. Singh (2003) -

estimator (1), 1 -1 1 o, | 0023322 | 55.16 81.47
13. G.N. Singh (2003) .

estimator (2), 1 -1 Bix) c, 0.026145 | 4920 | WMUEEGE | 77.42
14. G.N. Singh (2003) :

estimator (3), 1| -1 B, o, | 0024264 | 53.02 80.08
15. Singh-Tailor (2003) ‘

estimator (2), 1] -1 1 Py | 0024468 | 5257 79.79
16. Singh-Kakran (1993) ‘

estimator (2), 1] -1] 1 | B,(x) | 0023883 | 5386 80.64
17. Regression-type

(Optimum) estimators 0.004422 | 290.91 | 0.004422 | 290.91

Table 2 shows that the estimators in the proposed class of estimators, 37;$ are not always

more efficient than the usual poststratified estimator y ;. The proposed class of estimators,

yp$

is more efficient than the usual poststratified estimator y o only if the efficiency
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condition (3.4) is satisfied. The table also shows that the proposed dual to ratio-type

*

« X . . .
estimator, y&R) =y_| = | with PRE of 113.76%, is more efficient than the usual
pss ps| 3¢

poststratified estimator y,,, while the proposed dual to product-type estimator,

pss -
X ps

Yps- IN fact, table 2 reveals that all the dual to ratio-type estimators (for all g > 0) perform

better than the usual poststratified estimator Yy, while the dual to product-type estimators

(for al g < 0) are less efficient than the usual poststratified estimator y . Onyeka (2012)

noted that this is expected since the given data set shows a strong positive correlation
(pyx =0.82,Table1), between the study and auxiliary variables. The dual to product-type

estimators are expected to perform better than y . and the dual to ratio-type estimators when
there is a strong negative correlation between the study and auxiliary variables. Using table 2
to further compare the general performance of the proposed class of estimators, y;& and the
estimator, y, proposed by Onyeka (2012), we observed that for dual to ratio-type

vy = yps[ij with PRE of 79.54%, is |ess efficient than the usual poststratified estimator

estimators, the estimator y . performs better than the estimator y:m, while for dual to

product-type estimators, the estimator 7;$ performs better than the estimator y ., in terms

of having a smaller mean squared error. This is equally in line with the efficiency condition
in (3.12). With the understanding that product-type estimators perform well when there is a
strong negative correlation between the study and auxiliary variates, it therefore follows that

the proposed estimator 7;&‘ should be preferred to the estimator y . , proposed by Onyeka
(2012), when there is highly negative correlation between the study and auxiliary characters
and we are using the dual to product-type estimators (instead of dual to ratio-type estimators)
within the proposed class of combined estimators, V*pss .

V. CONCLUDING REMARK

We have extended the work carried out by Onyeka (2012) by considering a general family of
dual to ratio-type (and/or dual to product-type) combined estimators of V, in poststratified
sampling (PSS) scheme, using information on some known parameters of an auxiliary
character. The proposed class of estimators is found, under some optimum conditions, to be
as efficient as the poststratified regression estimator y e . We also obtained conditions

under which the proposed estimator performs better (in terms of having a smaller mean
squared error) than the usual poststratified estimator and the estimator proposed by Onyeka
(2012). Properties of the proposed general family of estimators are obtained up to first order
approximation and supported with some empirical illustration.
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