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Abstract 

 
In this study, an alternative linear combined product - ratio type estimator was 

proposed. This proposed estimator combined classical product estimator with classical 
ratio estimator. Four data sets were used to determine the efficiency of this proposed 
linear combined product – ratio type estimator and this proposed linear combined 
product - ratio type estimator was found to be better,  preferred  and efficient to all 

other estimators considered provided , 10 << α ,  xy cc = . xy cc <  and the 

correlation coefficient between the study variable and variable of interest must be 
negative,  01 <<− ρ . For all the data used, the proposed linear combined product 

– ratio type estimator, praay   has the least mean square error than estimator, TGy .  

Therefore, praay  is an alternative linear combined product – ratio type estimator 

recommended to estimator, TGy . 
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1.0     Introduction 
Let N and n be the population and sample sizes respectively,  X  and Y  be the population means for the auxiliary variable 
(X) and the variable of interest (Y), x  and y  be the sample means based on the sample drawn. Then classically [1,2],  

X

xy
y p = ,   

][)()( yxp ccY
Nn

nN
ybias ρ−=          …    (1)  

and  

)]2[)()( 222
yxyxp ccccY

Nn

nN
ymse ρ++−=        …      (2) 

 respectively.  
The literature on survey sampling describes a great variety of techniques for using auxiliary information to obtain more 
efficient estimators. Product method of estimation is a good example in this context. If the correlation between the study 
variable y and the auxiliary variable x is negative, the product method of estimation is quite effective. 
In sample surveys, supplementary information is often used for increasing the precision of estimators [3 - 7].  
Many authors [8 – 10] have used auxiliary information for improved estimation of population mean of study variable y.   
 
2.0 On the Combined Product - Ratio Type Estimator [11]. 
Suppose a pairs (x, y) (i=1, 2, ….., n) observations are taken on n units sampled form N population units using simple  
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random sampling without replacement scheme, X  and Y are the population means for the auxiliary variable (X) and 
variable of interest (Y), and x  and y are the sample means based on the sample drawn.  

A linear combined product – ratio type estimator of the form: 

x

Xy
f

X

xy
fyTG )1( −+=                … (3) 

was proposed by [1] where, 
N

n
f = , ),1( xXx ∆+= ),1( yYy ∆+= ,

Y

Yy
y

−=∆
X

Xx
x

−=∆  such that 

1<∆ y and 1<∆ x  

The bias and mean square error of this proposed linear combined product-ratio type estimator, TGy  are given as:- 

)()()( 22
yxxTG ccvcvY

Nn

nN
ybias ρ+−=                            … (4) 

 and  
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where 
x

y

c

c
v ρ=  

 
3.0 On the Proposed Linear Combined Product – Ratio Type Estimator 

The classical product estimator used in this study is defined as )(
X

xy
y p α=  while that of classical ratio estimator used is 

defined as: ))(1(
x

Xy
yr α−=  such that 1)1( =−+ αα . Their biases and mean square errors are given respectively as:  
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and  
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The proposed linear combined product – ratio type estimator is given as:   

x

Xy

X

xy
y praa )1( αα −+=     … (10) 

which is the linear combination of classical product estimator, py  , and the classical ratio estimator, ry ,  where 

),1( xXx ∆+= ),1( yYy ∆+= ,
Y

Yy
y

−=∆
X

Xx
x

−=∆  such that 1<∆ y and 1<∆ x  

The bias and mean square error of this proposed linear combined product – ratio type estimator, praay  are given as:- 

)]21()1([)()( 2 αρα −−−−= yxxpraa cccY
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 and  
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)]12()13([)()( 2222 −++−−= αρα yxyxpraa ccccY
Nn

nN
ymse     … (12)  

Provided  10 << α  and 01 <<− ρ . 

The proof of (11) and (12) are as shown below: 
 
4.0 Derivation of Bias and Mean Square Error of praay  
Let, 

x

Xy

X
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y praa )1( αα −+= , where, ),1( xXx ∆+= ),1( yYy ∆+= ,

Y
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−=∆   such that 

1<∆ y and 1<∆ x  as earlier defined. 

Therefore, using power series expansion,  
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 ( as in eq. (12) ) 
By partial differentiation,  
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5.0 Data Used 
The proposed linear combined product – ratio type estimator, praay   is said to be better, efficient and preferred to linear 

combined product - ratio type estimator, TGy [11]. Results obtained on the data sets below will be used to justify this claim.  

Table 1: Summary of the data sets used. 
Parameters  Population I Population II   Population III Population IV   
Source [3] [12] [13] [14] 
Population (N)  100  30 20 30 
Sample (n) 30 6 8 6 

X  0.2 4313.75  18.8 0.8077 

Y  0.3 6375.7  19.55 0.6860 

ρ  -0.05 6823.0−  -0.9199 -0.4996 

xc  0.0036 0986.0  0.1281 0.7493 

yc  0.0036 2278.0  0.1554 0.700123 

v  0.05 -1.57634 -0.74657 -0.4996 
α  0.0167 0.5254 0.3459 0.1556 
 
6.0 Results 
The results obtained are shown in Table 2: 

Table 2:- Bias and Mean Square Error obtained on y , py  , TGy  and praay  

Population I II III IV 
)( ybias  0 0 0 0 

)( pybias  0810536.4 −− x  -0.0156 -0.0249 -0.0239 

)( TGybias  0 -0.0115 05106292.1 −− x  -0.0041 

)( praaybias
 

08103589.9 −x  0.00441 0.02343 0.02450 

)(ymse  08107.2 −x  0.4036 0.5985 0.0308 

)( pymse  08102.5 −x  0.2408 0.0927 0.0330 

)( TGymse  08104.2 −x  0.7794 0.5985 0.0426 

)( praaymse
 

091036.1 −x  0.3846 0.4474 0.0094 
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7.0 Discussion 
From the results shown in Table 2, for: 

(i). Population I, 
091036.1)( −= xymse praa  and 08104.2)( xymse TG = . )()( TGpraa ymseymse <  

(ii). Population II, 3846.0)( =praaymse  and 7794.0)( =TGymse , )()( TGpraa ymseymse <  

(iii). Population III, 4474.0)( =praaymse  and 5985.0)( =TGymse , )()( TGpraa ymseymse <  

(iv). Population IV, 0094.0)( =praaymse  and 0426.0)( =TGymse , )()( TGpraa ymseymse <  

Also for: 

(i). Population I, xy cc = , hence,  praay   is the most efficient estimator among the four estimators considered. 

(ii). Population II, xy cc > , hence,  praay  is better than TGy  and y but not better than py . 

(iii). Population III, xy cc > , hence,  praay  is better than py  but not better than y  and TGy . 

 (iv). Population IV, xy cc < , hence,  praay  is the most efficient estimator among the four estimators considered. 

 
8.0 Conclusion 
The proposed linear combined product – ratio type estimator, praay   is said to be better , efficient and preferred to all other 

estimators considered here provided  10 << α , 01 <<− ρ , xy cc =  and xy cc < .  Also, the proposed linear combined 

product – ratio type estimator, praay   is said to be better , efficient and preferred to linear combined product - ratio type 

estimator, TGy  provided  10 << α , 01 <<− ρ ,  xy cc = , xy cc <  and xy cc >  [11]. For all the data used, the 

proposed linear combined product – ratio type estimator, praay   has the least mean square error than estimator,TGy , [11]. 

Therefore, praay  is an alternative linear combined product – ratio type estimator recommended to estimator,TGy  [11]. 
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