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Abstract: In this paper, exponential ratio and product type estimators for population mean of study character using known
population proportion of auxiliary attribute in the presence of non-response have been proposed. The expressions for the mean square
error of the proposed estimators have been obtained. The proposed estimators have been compared with the relevant estimators. The
empirical studies have been done to demonstrate the efficiency of the proposed estimators over other relevant estimator.
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1. INTRODUCTION

It is well known that the estimators for population mean using information on auxiliary character give the better
estimate in comparison to the usual estimator. Sometimes the auxiliary information is available in the form of attribute.
Using information on auxiliary attribute we can also find the better estimate of population mean. For example, to estimate
the person’s weight, crop production, milk production and income, we can use gender, seed type, cow’s breed and
ownership of a house as auxiliary attributes. The research works for estimating the population mean using auxiliary
attributes have been done by Naik and Gupta [1], Jhajj et al. [2], Shabbir and Gupta [3,4], Singh et.al [5], Abd-Elfattah et
al. [6], Singh and Solanki [7] and Solanki and Singh [8].

In sample surveys, sometimes we do not get the complete information due to the occurrence of non-response. To
reduce the effect of non-response in such situations, Hansen and Hurwitz [9] first suggested an unbiased estimator for
estimating the population mean. Further, using the known population mean of auxiliary character, several research works
for estimating the population mean in the presence of non-response have been done by Cochran [10], Rao [11,12],
Khare and Srivastava [13,14], Singh et al. [15] and Kumar and Kumar [16].

In this paper, we have proposed exponential ratio and product type estimators for population mean using known
population proportion of auxiliary attribute in the presence of non-response. The expressions for mean square error of
the proposed estimators are obtained. The conditions under which the proposed estimators are more efficient in
comparison to the relevant estimator are obtained. The empirical studies are also given to show the performance of the
proposed estimators in comparison to the relevant estimators.

2. THE EARLIAR AND PROPOSED ESTIMATORS

Let Y; and ¢ : i =1...N denote the values of study character Y and auxiliary attribute ¢ fori"™ unit of the
population with population mean Y and population proportion P respectively. Here ¢ will take two values 1 and O if it
possesses and does not possess the attribute respectively. The entire population is supposed to be divided into N,
responding and N, non-responding units such that N = N; + N, . Let P be the proportion of the units in the population
possessing the attribute ¢ , P, be the proportion of the units in the responding part of the population possessing the
attribute ¢ and P, be the proportion of the units in the non-responding part of the population possessing the attribute
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¢ . Let a sample of size Nn(< N) is drawn from the population of size N by using simple random sampling without
replacement (SRSWORY) method and it has been found that n; units respond and N, units do not respond in a sample of
size nfor the study character y and auxiliary attribute ¢ . Further a subsample of size m = (n, /k,k >1) is drawn from
N, non responding units by using SRSWOR method of sampling and collects the information on study character y and

on auxiliary attribute ¢ by personal interview. Using the technique of Hansen & Hurwitz [9], the estimators )7* and p*
for the population mean Y and for the population proportion P based on (n, + m) units are obtained as

o~ n_ n,_,

g e 1
y N i+ 0 Yo @
and

Lon N,

—_1 2 2
p N P, + 0 P 2

where (Yl, yé) are the means of study character y based onn; responding units and m subsample units and (p,, pé)

are the proportions of the units possessing the attribute ¢ in n, responding units and in m subsample units
respectively.

The mean square error (MSE) of the estimators Y* and p*are given as:

MSE(V*)=%S§ +W—2(k_1)s;2 ©)
and
MSE(p*)=%S§+Wng , 4)

n N
where f :1_W' W, ZWZ and (85,8;2) and (S;,S;,z) are population mean squares of study character Y and

auxiliary attribute ¢ for responding and non-responding part of the population.

In case when population proportion of auxiliary attribute is known, Singh et.al [5] proposed the exponential ratio
and product type estimators for population mean of study character which are given as follows:

_ P-p
T =
{20
and
- p-P
T, =
-yorf 222,

where ¥ is the sample mean based on nunits and p is the proportion of the units possessing the attribute ¢ in the
sample of size n units.

Further Solanki and Singh [8] proposed the class of estimators for population mean of study character which is
given as:

_ g P-p
T, = yexp{a( " DJ} @)

where @ is a suitably chosen scalar.

In case when non-response occurs both on study character and on auxiliary attribute, following the Singh et.al [5]
and Solanki and Singh [8] estimators, we propose conventional exponential ratio, exponential product and generalized
estimators for population mean of study character in the presence of non-response which are given as follows:
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e (P-p e [p =P
t,=V ex — |, t, =V ex - 8
1=Y p(P+p J 2 =Y F{p +Pj 8
t3==7*exp{al[P__p*j}, ©9)
P+p

where ; is a suitably chosen scalar.

If o, =0thenty; =y , ifa, =1thent; =t and if @, =-1then t; =1t,.

In case when non-response occurs only on study character, following the Singh et.al [5] and Solanki and Singh [8]
estimators, we propose alternative exponential ratio, exponential product and generalized estimators for population
mean of study character in the presence of non-response which are given as follows:

_x [P—p o [p—P
t = t = _
s =Y €X P+pj , =Y eXx p+Pj (10)

and

- P
t= exp{az( - EJ} (11)

where «, is a suitably chosen scalar.

If a, =0then t; =y , ifa, =1then t; =t, and if &, =-1thenty = t,.

3. THE MEAN SQUARE ERROR (MSE) OF THE PROPOSED ESTIMATORS
In order to derive the expression for the mean square error of the proposed estimators.

Let § =Y (L+g,), p =P+ &), P=P(+¢,) suchthat E(gy) =E(g,)=E(g,) =0.

By using simple random sampling without replacement method of sampling, we have

1., « 1| f W, (k-1 .,
B = V) - oy i+ M|

1w 1o Wok=1),
E(ef)= 5V (p)= ?[FS%%SJ}

1 f S, 1 e 1[f W, (k-1) .,
E(gz)zgv(p):FF,E(«%Q)—WCOV(V p)= 7 FSW’ +ZTSy¢ )
1 N 1 f
E :_—COV _, :_—_S y
(8082) YP (y p) YP n yé

where S, =p,,S,S,, Si; =p,,S,S; and (p,,, py,) are point bi-serial correlation coefficients between study

character y and auxiliary attribute ¢ for responding and not responding units of the population.

The expressions for the MSE of the proposed estimatorst,, t, , t, , t,, t;and tq up to the terms of order N ™" are
given as follows:
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MSE(t,) = MSE(y")+ 72| Altc2 —c Blic_c 12
(t) = (y)+ 270w + 270 oW (12)
MSE(t,) = MSE(y")+ V2| Al1c? ¢ Blic? .
(tZ) - (y )+ Z p + yp + Z p + yp ' (13)
_* va 1 1 ! !
MSEGQ::MSE(y)+Y2{A{Zafcg—mhcw}+—B{Zafcf—quw}}, (14)
MSE(t,) = MSE(Y") +V2{A{%C§ —CypH, (15)
MSE(t;) = MSE(T)H?{A{%CS +cypH (16)
and
MSE(t,) = MSE(V") +Y {A{%afCﬁ -a,C,, H (17)

Differentiating equations (14) and (17) with respect to ¢, and «, and equating it to zero, we get the optimum
values of ¢, and «, as

2{AC,, +BC/, |

Ciopt = 2 72 (18)
AC2 +BC/§
2p..C
and  Cpgp = P é¢ ! (19)

By putting the optimum values of «, and «, in equations (14) and (17), we get the minimum MSE of the
estimators t, and tgas:

I {ac,, +BC!, P
MSE(t5) min = MSE(Y")-Y? { ¥ L 20
(S)mln (y ) |: AC; +BC;)2 ( )
and
MSE(ts) rin = MSE(V*)—Y_ZA,O§¢C5, (21)
S S S
1 1 W (k_l) _ r ’ ’ ’ __y — 4 ro__ y
WhereA:[ﬁ_ﬁ)’ BZZT' Cp =p,C,Cp. CY =pl,CiCL. Cy = v Cp T Cy RV
R R YV O T B PO NS (VAR A
P X' ! N_li:1 I I N_li:1 I Y Nz_li:1 I 2
N, _
S;z = N 1 12:(¢i —PZ)2 and (Y,,P,) are population mean and population proportion of study character y and
27+

auxiliary attribute ¢ for the non-responding units (N, ) of the population.
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4, COMPARISON OF THE PROPOSED ESTIMATORS WITH RELEVANT ESTIMATORS
Comparing the proposed conventional estimators ({;, t,, t;) and alternative estimators ({,, t5, tg) with relevant
estimator )7* :
MSE(t,) < MSE(Y")
1C, ., 1C,
Zc—y and Py >ZC_;
MSE(t,) < MSE(Y")
If py¢<—1& and p;¢<—lc—%
4C, 4C,
MSE(t,) < MSE(Y")
4AC,, +BC/, |

If O<oy < {ACS N BC;)Z}

It Pyy >

and

. 1C,
MSE(t,) <MSE(Y) If pyy>——
4 Cy
. 1C,
MSE(t;) <MSE(Y' ) If py, <———
4 Cy
) 4p.,.C
MSE(ty) < MSE(Y") If O<a, < %
p

5. EMPIRICAL STUDIES

5.1 Data Set |
Source: Sinha [17]

One hundred nine village population of urban area under police station-Baria, Tahsil — Champua, Orissa has been
taken under consideration from district Census Handbook, 1981, Orissa, published by Govt. of India. The first 25%
villages (i.e. 27 villages) have been considered as non-responding group of the population. In this data set, we have
considered the study character y and auxiliary attribute ¢ as y -number of literate persons in the village and ¢ -

number of literate persons greater than equal to 150. The values of parameters are as follows:

Y =14530 , P=0.3211 S, =1113835 S; =0.4691 C, =0.7666 C,=1.4608
Y, =189.52 , P,=05185 S, =121204 S;=0.5092 C, =0.6395 C,=0.9820
Pys =0.742 Py =0.672

TABLE 1. RELATIVE EFFICIENCY (RE) OF THE PROPOSED ESTIMATORS WITH RESPECT TO §~ (N =109, n

=30)
1/k
Estimators 1/4 1/3 1/2
RE RE RE
y* 100.00 100.00 100.00
tl 159.03 165.58 177.07
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t; 129.64 138.84 156.33

t, 164.75 172.99 187.84

te 133.10 143.74 164.47
5.2 Data Set 11

Source: Sinha [17]

A list of 70 villages in a tehsil of India along with their population in 1981 and cultivated area in the same year is
given. The first 30% villages (i.e. 21 villages) have been considered as non-responding group of the population. In this
data set, we have considered the study character y and auxiliary attribute ¢ as y - cultivated areas (in acres) in the

village and ¢ -total population of village greater than equal to 1100. The values of parameters are as follows:

Y =98129,  P=06000, S, 6=6133558, S,=04934, C,6=06253 C, =0.8224,
Y,=12168, P, =07619, S/ =4303177, S,=04364,  C|=0.3536, C, =05728,
py;=0596,  pl, =0.690.

TABLE 2. RELATIVE EFFICIENCY (RE) OF THE PROPOSED ESTIMATORS WITH RESPECT TO §~ (N =70, n

=25)
1/k

Estimators 1/4 1/3 1/2

RE RE RE
y* 100.00 100.00 100.00
7] 149.41 150.49 151.99
ts 126.30 131.75 140.06
t, 150.70 151.69 153.07
tg 126.66 132.20 140.66

6. CONCLUSION

From table 1 and 2 it has been observed that for the fixed sample size n and different values of k , the proposed
estimators t;and t;are most efficient than the usual estimator Y* and the proposed estimators t, and tg are most
efficient than the corresponding estimators t; and t;. So, on the basis of theoretical and empirical studies, we may
conclude that the proposed estimatorst;, t;, t, and f; using auxiliary attribute are more efficient than the usual

estimator V* .
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