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Abstract: - In order to estimate the population, mean of a study variable under a straightforward random sampling
without replacement framework, this paper presents a naive broad family of ratio estimators that make use of a
variety of auxiliary measures. The study looks at particular instances that include auxiliary data like the median,
quartile deviation, and coefficient of variation. A first-order approximation is maintained for the introduced
estimators' bias and Mean Square Error (MSE). Furthermore, real-world data is used to validate the performance
of the introduced estimators, and theoretical conditions are supplied for comparing their efficiency with those of
existing estimators. The suggested estimators are more effective than other ratio-based estimators, as shown by
numerical analysis, making them suitable for use in a variety of real-world situations.
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1. Introduction

Although it is always better to calculate the parameter in question rather than estimate it, doing so can be costly
and time-consuming when the population is large. A labor, money, and time efficient alternative to thorough
enumeration is sampling. Since the associated statistics are the best estimate for the parameter under study, the
sample mean y is most suited for the population mean. The auxiliary variable X is crucial while estimating the
parameters of the primary variable Y. If it has a positive connection with Y, ratio type estimators are used for
greater population mean Y estimates. On the other hand, product type estimators are used to enhance the
estimation of when X and Y have a negative correlation. When dealing with large populations or when it is not
feasible to collect data from every unit, sampling procedures are commonly employed. These methods provide a
practical means of examining the characteristics of a target variable by examining a subset of the population.
Sample statistics are typically employed to estimate population parameters; for example, ) is a frequently used

estimator for ¥ because of its objectivity, even when there may be significant volatility. Much work has been
done to improve existing methods in order to create estimators that are more effective. Many of these efforts focus
on using supplementary data to increase the precision of sample-based population parameter calculations. Many

authors from all over the globe used the auxiliary information in different forms for enhanced estimation of Y

and suggested various efficient estimators of Y .

Utilized data on X that has a strong
positive correlation with Y to create the classical ratio estimator [1]. [2] suggested a better estimator for by adding
X data from sample surveys. [3] used the known coefficient of variation (CV) of X to create a modified ratio

estimator. [4] investigated techniques for effective estimating Y using regression and ratio estimators. While [6]
worked on an elevated estimator for by combining the known CV and coefficient of kurtosis of X, [5] suggested
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a novel estimator for ¥ by using the coefficient of kurtosis. In order to improve Y estimate, [7] improved the
ratio estimator by employing the known correlation coefficient, and [8] concentrated on creating better ratio

estimators. modified ratio estimators that use unconventional auxiliary parameters to estimate Y with efficiency
[9]. [10] identified several estimators as belonging to their family and presented a general family of ratio

estimators for ¥ . While [12] enhanced the estimate of Y using the known coefficient of skewness of X, [11]
created effective estimators for Y . suggested an effective estimator for using X's known quartile information

[13]. [14] used the quartile deviation of X with the coefficient of skewness to create new ratio estimators for Y.
Lastly, a generic family of estimators based on auxiliary parameters was developed by [15].

[16] suggested elevated ratio estimators for Y using non-traditional measures of dispersion while [17] created an

effective class of ratio estimators for ¥ using known auxiliary parameters. By adding auxiliary factors, [18] and
[19] presented enhanced estimators that took non-response cases into consideration. A generalized class of

estimators for Y the effective estimate of was proposed by [20]. In order to improve the estimation of average
peppermint yield using known auxiliary information (X), [22] presented a naive class of estimators. [21]
concentrated on the effective estimation of average paddy output using robust measures. [23] used simulation
simulations to investigate resilient ratio-type estimators for simple random sampling (SRS).

[24] proposed an advanced class of estimators for Y leveraging known auxiliary parameters, while [25]
introduced a refined family of estimators utilizing X information for improved estimation of Y . Numerous other

researchers have also contributed to the development of enhanced estimators for Y by utilizing known auxiliary
parameters. The remainder of this paper is organized into various sections. [24] suggested an advanced class of
estimators for leveraging known auxiliary parameters while a revised family of estimators using X information

was presented by [25] for better estimation of ¥ . The development of improved estimators for using known
auxiliary parameters has also been aided by numerous other researchers. The rest of this work is divided into
different sections.

The remaining work is broken down into numerous sections, including the comparison of theoretical efficiency,
the suggested estimator, the review of estimators, the numerical analysis, and the comparison of the outcomes.

2.  Review of Estimators
The most suitable statistic for ¥ is the Y but with large variance and we search for the estimator with least
variance or MSE. This is obtained by using the auxiliary variable having high degree of correlation with the main

variable. Table-1 represents different estimators of Y using the known auxiliary parameters along with their
MSE:s.
Table-1: Various estimators and their MSEs

S.No. | Estimator MSE

L. (}?j MSE(t,) = AY’[C} + R°C] —2RC,,]

Cochran [1]

2 t_y[)hcxj MSE(t,) = AY’[C? +RIC? 2R C,,]
=y 2

x+C,

Sisodia and Dwivedi [3]
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3. _[)?+ﬂ2J MSE(t,) = AY’[C} +R;C] —2R,C,.]
L=yl =
X+ 0,
Singh and Kakran [5]
4. t _(fﬂz +ij MSE(t,)=AY’[C? +R}C? —2R.C, 1.
=V == |-
B e el i=2,3
[ XC, +
1, =y _—ﬁz
xCx +ﬂ2
Upadhyaya and Singh [6]
S. w4 op MSHE(ts) =AY ’[C} + R;C: —=2R.C,].
ts=y %,
=
xﬁ+QD
1
Neelam et al. [26]
Where,
1—(l—i Y—iiy )‘(—iix Sz—Li(Y—Y)2
n N NG NG LON-1F
S2—Li()( -X)Y S —Li(Y—Y)(X -X) R = X R X
} N_ll=1 i " _11*1 [ [ 1 X+Cx ’ X+ﬂ2
_ XﬂZ )_(Cx Xﬁ
UXp+C. Y XC.o+ B, R
) 5 = .
)?ﬁ+ OD

3.

estimation of Y as,

Proposed estimator

0

Rl

Where, O is the scalar to be obtained such that MSE of ¢ » is least.

(1

Motivated by [26] and many other authors in the literature, we have introduced a generalized estimator for
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To study the large sampling property of ¢ o the following approximations are used,
y=V(1+ep), % =X(1+e,), with E(e,) = E(e;) = 0 and E(e)) = ﬂ,Cyz , E(elz) :Z,Cf ,E(eqey) =

ACys

Representing t,using e, and e, we obtain,
5
X ﬁl +0D
t,=Y(l+¢,) 1 7
X(1+e) Fl +0D

1

)??JFQD
=Y(l+e¢,) ﬂ : 7
1+QD+X—1e1
l 1
=
)??el
=Y(l+e,) 1+ﬂ—1
X2+ 0D
R 0

1
=Y(+e,)(1+Rse)”’
= 17(1+eo)[1 —ORse + 5(1;5) Rle] - }

= o(1+90) .,
t,= Y{l+e0 —O0R,e, —O0R; eye, +TR5€1 —...
Subtracting Y on both sides of above equation, we have,

f, -Y =Y{eo —O0Re, —OR; eye +MR52el2 —}
2 @

We have bias of ¢ 35,

Bias(t,)) = AY[&I; %)

RIC:-5R, ny}

3)

Squaring on both sides of (2) and for order one, we have,
MSE(t,) =Y Ele; + 5 Rie; =25 R eye; +...]

Putting values of different expectation, we get the MSE of tp ,as
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MSE(t,)=AY?[C; + 5 R;C; =25 R, C,,]

“
Differentiating MSE(¢ p) with respect to O and putting it equal to zero, we get,
0 L
—<MSE(z,) =0, which gives,
00
C X
o :—y2 = 50[”
RS Cx
)
Putting the value of &, in (4), we get the minimum value of MSE(?,) as,
C2
_ 2| 2 yx
MSE, (t,) = AY?| C? -2
(6)
4. Efficiency Comparison

A theoretical comparison of efficiencies of different estimators with the proposed estimator has been presented in

Table-2 and the efficiency condition has also been obtained.

Table-2: Efficiency conditions of 7 , over competing estimators

S.No. | Estimator MSE
1. (X I Cc? ]
t, =¥| — |, Cochran[1] C? - —[R2C2 —-2RC 1>0
X YooC? } .
: tL=y & Sisodia and Dwivedi [3] i 2 Cyzx_ 202
=y TiC. ) sodia and Dwive Cy_C2 —[R'C; -2RC,]>0
> =y M Singh and Kakran [5] _CZ —Cyzx_— R:C?-2R,.C.1>0
2 )?4-,82 H y Cﬁ [ 2~ x 2 yx]
4. v X I 2]
[ XB,+C [ XC_+p, C
t., = _rms @ x , t, = X s 2 Ty 22
3 y( xp, +ij ' y[ xC, + B, c, C? [R°C; —2RC,.]>0,
Upadhyaya and Singh [6] l_ -23 )
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’ )?ﬂl D 2 sz 2 ~2
2 e C? ——2 |-[RIC? -2R,C,]>0,
ti=7 ! , Neelam et al. [26] C;
p
x“L+ 0D
1

5. Numerical Study

To verify the theoretical results, we have considered the following population, given in [26]. The various

parameters of the above population are shown in Table-1.

Table-1: Parameters of the population

N =49 n=20 Y =116.1633 | X =98.6735 | S, =98.8286
S, =102.9709 | S, =7021.7642 | C,=0.8508 | C, =1.0436 | M, =64
B, =59878 | OD=78.50 p=0.69 A=0.02959 | C, =0.6126

The MSE and Percentage Relative Efficiency (PRE) of the estimators with respect to £, are presented in Table-
2.
Table-2: MSE and PRE of the estimators

S. No. | Estimator | MSE PRE

1 tp 232.2501 | 100.00
2. t 228.3407 | 101.71
3 t 212.0423 | 109.53
4 1 231.5848 | 100.29
5 t, 212.7862 | 109.15
6 I 154.8349 | 150.00
7 () op | 1514416 | 15336

The graphs and MSE and PRE are presented in Figure-1.
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MSE and PRE of different estimators
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Figure-1: MSE and PRE of different estimators
6. Result and Conclusion

For better estimate in this work, we presented a generalized class of ratio estimators. The first-order approximation
of the bias and MSE is obtained. Efficiency requirements are determined by theoretically comparing the
performance of the introduced estimators with that of the current estimators. An actual dataset is used in order to
validate these theoretical findings. The new estimator's MSE is 151.4416, as Table 2 clearly shows, whilst the
competing estimators' MSEs fall between [154.8349, 232.2501]. Furthermore, the PRE of the recommended
estimate is 153.36, but the PRE of the competing estimators is within the range [100.00, 150.00]. In Figure-1,
these results are also shown as graphs. The suggested estimator is thus the most successful of the compared
estimators since it obtains the lowest MSE and the highest PRE, as indicated in Table 2. As a result, the given
estimator can be used efficiently for precise estimation in a variety of applications. It should be mentioned that
more effective modified estimators may be created in the future and applied in a range of fields. For instance, the
average production can be estimated using local information, the factory average production can be estimated
using units as auxiliary information, the current year average can be estimated using last year's information, etc.
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