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Abstract

Sampling is the technique of selection of part of an aggregate population to represent the whole population and sample obtained is expected
to be true representative of the whole population. In this paper, we have suggested ratio estimator using Tri-mean and the expression of bias
and mean square error of the proposed estimator is derived up to first order approximation. An empirical study has been carried out to judge

the merit of the suggested estimator over other existing estimators practically. From the results, the proposed estimator ¥#7¢ having mean
square error (2692.15) and % relative efficiency is 145.8%, which shows that the efficiency of the proposed estimator is more than the
existing estimators.
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1. Introduction
Estimators are important in sampling theory because they allow researchers to estimate the characteristics of population based
on a sample of that population. The main purpose of estimation in statistics is to be able to measure the behavior of data within

a population. Ratio estimators take advantage of the correlation between the auxiliary variable, ¥ and the study variable, ¥. The
ratio estimator is a useful estimator to estimate the population mean when data on the auxiliary variable that is positively
linked with the study variable are available. Recently, the use of supplementary information provided by auxiliary variables in
survey sampling was extensively discussed 2. For ratio estimators in sampling theory, population information of the
auxiliary variable, such as the coefficient of variation, midrange, tri mean or the kurtosis, is often used to increase the
efficiency of the estimation for a population mean. Among these estimators the ratio estimator and its modifications have
widely attracted researchers throughout the world for the estimation of the mean of the study variable Kadilar and Cingi (2004,
20064, b) %1, Subramani, (2013) 4, Subzar et al.(2018a, b) [*> 161, Subzar et al. (2019) ], Khare and Khare (2019) [7), Priya
and Tailor (2019) 8!, Hafeez and Shabir (2015) 1, Hafeez et al. (2020) *°! and Hafeez et al. (2023) ], Raja., et al., (2023) (9]
propose new modified ratio estimator using the linear combination of Co-efficient of Kurtosis and Tri- Mean of the auxiliary
variable.

In this paper, we proposed some new ratio estimators using coefficient of variation, Kurtosis of auxiliary variate, Midrange,
Tri mean and obtain mean square error (MSE) equations for all proposed estimators in Section Ill. We find theoretical
conditions that make each proposed estimator more efficient than the traditional ratio estimators. In addition, we support these
theoretical results with the aid of a numerical example.

2. The existing estimators
The classical ratio estimator for the population mean ¥ of the variate of interest ¥ is defined by

Ve =0

R |

M

where it is assumed that the population mean A of the auxiliary variate * is known. Here
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Where ™ is the number of units in the sample.
The MSE of the classical ratio estimator is given as

_ 1- . R
MSE(5,) = =L (s} + R3S} - 2RS,,) -

Where
n

F= .V is the number of units in the population;

-

~ Xis the population ratio:

S¥isthe population variance of the auxiliary variate and

55 is the population variance of the variate of interest.

When the population coefficient of variation of auxiliary variate Ce is known, Sisodia and Dwivedi (1981) suggested a
modified ratio estimator for ¥ as

- _Figy

Ysp = V3 TCy @)

MSE of the above estimator is given as:

MSE(:ES‘D}E%?: [C§.+C§a(a—2pg—i)] ©)

i
==
where  CY denote the coefficient of variation of ¥, | ARGy P denote the correlation coefficient between ¥ and &
Singh and Kakran (1993) proposed ratio estimator for ¥as

= —Ktfalx)
Yok =Y eipin) (6)

where

Ba2(x) js the population coefficient of Kurtosis of auxiliary variate.
MSE of this estimator was given as

MSE(Fs) = —L7% 3 +C25(5 - 20 E_i)]

()
Where
X
§ =T+fa0x)
Upadhyaya and Singh (1999) suggested ratio estimators for ¥ as.
— _ __‘.f,Ezlichx
Yust =Y zp ore (8)
= _ _?.fl‘_'x+,5’=':x:l
Yus2 =Y arpto) 9)
MSE of the two estimators were given as
= yalifvelrzy 2o —2,5
MSE{‘} UFJ'} T n }" [C} + C'IE(E 2]0 fx)] (10)
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rF— . l_f 7 3 3 Cy
MSEGus) = 2272 [z + c2n (n - 202))] )
Where
TBalx) Ecy

e=Efnlx)+Cy ' n= Tyt Baix)
We authors propose two new estimators using the linear combinations of coefficient of variation and Tri-mean.

- _RGTM
Yos1 =Y FHC,TM 12)

MSE of the above estimator is given as

MSE(¥os1) 2 %?f [Cf. + Ciz(z —2p E_i)]

T
where CY denote the coefficient of variation of ¥, #+CxTM,

TM is tri mean and 2 denote correlation coefficient between ¥ and X

- _K+oMR
Yos2 = Y ic ur (13)

= w I f 5[ A2 =r N R
MSE(Fos2) = 272 |2 + C2k (k —2p Cx)]
o X
Where C}' denote the coefficient of variation of ¥, FHCeMR

MR is mid-range and P denote correlation coefficient between ¥ and .

3. The proposed estimators
When ¥ in (4) is replaced with ¥r, the proposed ratio estimator based on coefficient of variation and tri mean is obtained as

F+Cx—TM (14)
MSE of this estimator can be found using Taylor series method defined as

= = BF =_ 7 & T
%) 2 (VX)) + 22 ) e T
30 = f(Y,X) Py ﬁ,ﬁ,}{ a Er:x}{x

x) (15)
Where
f{J:x_} = _fp:l'l

¥
F+ey

—- _ ¥ =
T~ 2 G- 7)_Gtrgd @D

=(F-F)-(R+A)(£-X)

Where

_F
T R4y

A

MSE of this estimator was given as follows:
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When ¥ in (6) is replaced with ;E,,, the proposed ratio estimator is obtained as

= - ‘f+lgﬂl:x}
Yprz = ¥r F4Palx) =

XX+ (x)
&

Y & #tpz (=)
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(16)

(17)

When Taylor series method is used for this estimator in the same way to obtain its MSE equation, we define

FGE) = Tpra i (15). Therefore,

y_rg[SE+ R+ 1205
MS‘E(}';;:C} T~ a —2(R + «’-{:}5}'1
Where

F
Az = K+8a(x),

(18)

When ¥ in (8) and (9) are replaced with ;E,,, respectively, we also propose the ratio estimators as follows:

— EBylxdtCy _XEP(x)ry
E

Yor3 = ¥ g )t G = % B (010
= — FCytPulx) TEEEI.PE:EI}
Yore =V atetpato) 2 7 it B ()

Similar to (16) and (18), MSE of these two estimators were given as follows:

[S2+ (R + 23)% SZ]

1
M-TE{}';::'H}_ n | —2{:R+33]5}-x i

[S2+ (R +14)% 52]

i
MS‘E{}';JJ‘q'}_ no| —2{:R+ﬂ4}5}'x ]

¥ F
A3 =557 Ay =2 -
where XPalx) 4Gy TCptBalx)

_ KHCyTM

Vors = ¥r oo, T =

_ X E+CTM
Y T E+C,TM
- X+CxyMR _ X X+CyMR

Yore = ¥r oic wr - 7 tc,ME

MSE of the above estimators is given by

S2+ (R+45)° 5;]

N
MSE(F,05) = — { —2(R + 15)S
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MSE(Fypre) = L

n

S24+ (R+4g)° 5;]
—2(R + 2¢)5,. (26)

Where

i i
T T+C,TM O ® T F+C.MR

As

4. Efficiency comparisons
If we compare the MSE of the proposed estimators given in Egns. (14), (16), (19), (20), (23), (24) with the MSE of the
traditional ratio estimator given in Eq. (3) we have the conditions

MSE(¥,r:) < MSE(¥,) (1 = 1,2,3,4,5,6)

& L[S2+ R+ 2,02 52— 2(R + 1)) ,.]

< ﬁ [S2 + R2 52— 2RS,.]

& A(A45. +2RS. — 2pS5,) <0 27)

where P is the correlation coefficient between auxiliary and study variables.

5. Numerical illustration
We use the data of Sarandal (1992) given in page no. 653 and the data statistics is given as

Table 1: Data statistics

N =117 p = 09917 B, = 0.20

n =15 5, =862 f. = 1.10
¥ =2179 5,=2355 ™ = 562.0
X =560.0 C,=0.7395 MR = 550.0

MSE of the traditional ratio estimator and proposed estimators can be seen in Table Il.

Table 2: MSE values of ratio estimators and percentage relative efficiencies

Estimators MSE PRE

¥ 3925.16 100
Yor1 3598.5 109.07
Yor2 3180.7 123.40
Yora 2861.5 137.17
Yora 2910.30 134.87
Yors 2720.14 144.29
Yprs 2692.15 145.80

From table Il, we understand that the most efficient estimator is Yore, Therefore, the estimator with the linear combination of
mid-range performs better among all the existing estimators.

6. Conclusion

We develop some ratio estimators of a finite population mean using auxiliary variable and theoretically show that the proposed
estimators are more efficient than the traditional estimator in certain conditions. These theoretical conditions are also satisfied
by the results of a numerical example.
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