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Abstract

Objectives: The present study deals with the formation of a modified ratio
and product type estimator for estimating finite population mean using
auxiliary variables under stratified random sampling. Methods: The expression
for the bias and mean square error (MSE) of the suggested estimator was
computed upto the first degree of approximation by using the ratio and
product method of estimation. We used the data of Area and Production
of Horticulture Crops, India obtained from the official website of National
horticulture board. The another dataset was taken from a project that was
undertaken by Department of Animal Husbandry of a state government,
Punjab for comparison. An analysis was conducted to compare the suggested
estimator with Chami’s and other existing estimators. Findings: The optimum
value of the proposed estimator has been obtained. The suggested estimator is
reported to be more effective than the conventional mean, ratio, and product
type estimators. We have used two data sets obtained through a stratified
random sampling strategy to evaluate the effectiveness of the estimators
discussed. The percent relative efficiency of envisaged estimator was obtained
from population | is 130.05 and 141.56, from population Il is 137.31 and 146.8
that is greater than existing estimators. The numerical illustration also showed
that the new estimator is more efficient than simple mean, ratio, and product
type estimators. Novelty: We proposed a new estimator that has practical
implications. The comparative analysis has been done to set up the condition
for which the suggested estimators are more efficient than other estimator with
novelty.
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1 Introduction

Stratification is an approach used in contemporary surveys to increase the accuracy of
estimates. Samples are often picked at random from each stratum in a stratified manner,
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in order to preserve homogeneity within each stratum, the entire population is divided into a specified number of strata. Sharma
and Kumar (! suggested a ratio-type estimator that uses many auxiliary variables to calculate the population mean of the variable
under study. Tiwari et al.? provided an extensive collection of estimators for estimating the study variable’s population mean
in stratified random sampling. These estimators use auxiliary variables, particularly when the auxiliary variable’s population
mean is available.

Using a known coefficient of variation for the auxiliary variable, Garg and Pachori® suggested a new calibration estimator
with a set of new calibration constraints for predicting the population mean in the stratified random sample. Later numerous
authors, such as Zaman and Kadilar @; Iftikhar et al.®); Muneer et al.®; Husain et al.”); Cekim and Kadilar,®; Zaman ©;
Singh and Nigam ) and Bhushan et al. ') Kumar and Tiwari et al. 1?); Babatunde et al. 1¥); Singh et al. '4); Ahmad et al. *®) and
Bhushan et al. 1% employed several well-known auxiliary variable parameters, including the variance and kurtosis coefficients,
as well as a measure of the correlation in stratified random sampling between the auxiliary variable and the study variable.
Koc and Koc!”) examined a novel class of estimators for finite population mean in stratified random sampling that is based
on quantile regression ratios. The study’s findings led to the conclusion that quantile regression allows us to produce more
consistent results in data on air pollution, even in cases where asymmetrical distributions and outliers are frequent. This
improves the entire forecasting process in practice by producing predictions that are stronger and more accurate. An effective
class of estimators for finite population mean was also created by Singh et al. '® utilizing auxiliary features in stratified random
sampling. Their findings demonstrated that, under ideal circumstances, the proposed classes of estimators outperform other
current approaches with the lowest MSE. Bhushan et al. 1) suggested some efficient combined and separate estimator classes
for estimating population mean Y under stratified simple random sampling. They also carried out a simulation investigation
over some synthetic symmetric and asymmetric populations, extending the theoretical conclusions.

For the most part, this study aims to perk up estimates of the mean of finite populations by collecting and analyzing data on
an auxiliary variable for use in stratified random sampling.

The main point of the manuscript includes; Section 1 contains "Some existing estimators” that we studied from the literature,
as well as notations and procedures. The "Proposed estimator” is given in section 2 which presents a new estimator based on
a stratified random sampling strategy. Efficiency comparison, Numerical comparison, and optimum variance are discussed in
section 3. In the last section "Conclusion” a numerical evaluation is offered to highlight the paper’s contribution.

1.1 Notations

Consider a finite population U = (U LUz ... ,U N} that is divided into ’ r” strata and has N unique and recognizable units.

Let y and x be study auxiliary variables with values y; and xj, For the i,k unit (k= 1,2,...,N&I = 1,2,...,r) in the i,
stratum of N; units, }';_; N; = N. For simplicity, let’s say ni is assumed to be the size of the sample drawn from the ith stratum.
We will achieve this by employing a basic random sample without replacement sampling strategy to ensure that Y\, n; = n.

Let’s label different means for study variate and auxiliary variate as:

N = Population size

n = Sample size

r = Number of strata

N; = Size of i’ stratum

ThenN =Y/, N

n; = Size of sample taken from i

Thenn=Y_| N;

Yi= N% Zi\];l Yix Stratum mean for study variate Y

' stratum

Yi=

Z| =

Population mean of the study variate Y
=Y witi
W = % Stratum weight for i stratum
Y, = Ni’ Z?];l N;Y; Population mean of the study variate for ith stratum.
y= %Z{=1 n;y; Sample mean of study variate Y.

y; = ni, ):'}-":1 n;y; Sample mean ith stratum of study variate Y.
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1.2 Existing Estimators

The standard simple mean, ratio, and product type stratification estimators are as follows:

1.2.1 Simple Mean Estimator
The population mean Y in stratified sampling sample mean y,, is

,
Vst = Z Wiyi
i=1

and MSE is given by

r 2
_ 2(1—f
MSE (3, ) = Y v, =1 2
i=1

n; !

1.2.2 Ratio Estimator
The ratio estimator is provided below for calculating the population mean Y of the study variable Y :

_ _ | x;
Vst :Zirzl Wiyi fl (1)
Xi

MSE upto first-degree approximation is specified as:

- L)
MSE (yrsl> = {:l Wtzyl l

(C+CF—2Cy) 2)

1

1.2.3 Product Estimator
The product estimator is presented below for calculating the population mean Y of study variable y:

Y pr = K Wi (313 3)
MSE upto first-degree approximation is given by:

2
_ 2(1—f
MSE (ypst) =Yio WzYi =)

i

(Ch +Ch +2Ciy) (4)

]

Chami et al.®” a two-parameter ratio-product-ratio estimator using auxiliary information

SRR oy (A-B)xitBx; | Bxit(1-B)x; |

=iy Wi |0y ————— it -« {} i:|
Yap = Lin [ {IBXHr(lﬁ)Xi}y AT
MSE up to first-degree approximation is given by:

MSE (5p) = £y 27, I (€3 4 G20~ 201~ 2){(1 ~20)(1 ~28) 2] ©)

y

2 Modified Ratio and Product Estimator in Stratified Sampling
2.1 Suggested Estimator in Stratified Sampling

Exponential estimators have been provided to calculate the populations mean by stratified random sampling, and they are as

follows:
. e (I-n)%+n-DXi\ _ (n=D%+ (1 -nm)Xi\ _
Vst,pexp = Li=1 Wi {meXp{ A yi+(1—m)exp A Vi (6)
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\
N
=i

—~

_ 1-nX;+(n—1)x) _ 1 i+

=

n—1
) i })_’i] (7)
Expressing Y, .y, for X; and y; in terms of e, and e;, we obtained:

_ 1-n)X;(1+e)+(n—DX; | 77 n—1X;(1+e 1-mX; | v
Tonp = Zics i [mesp { {2 SR L (1 o)+ (1 = mjesp { SRR 7, 1 — o)

e
2 2
ne n-e e
=T (Voo = § o+ et 15 S ey — e e+ meven - 7))
Bias (yst,pexz?) =E (yslmexz?] s

i=1

—E [iwi [Ym (1+e0_;(1 _n)e1+;(1_n)eoe1+;(n2—1)e%)
2 i }_Y

_ 1 1 3 1
+Y;(1—m) <1—|—eo+2(n—1)e1—|— n—1)epe; — 261 + 861—|—8n261>]

| n +3 2 n o, +n2 2 1 2
_ — ) | = | zCijx+ 5Ci — =Cix + = Cixy — zMC;
Bias (Yst,pexp) = ir:1 Wi( fl) Y, 2 l/:nn gix T T T g i T 5 Mix
i t5 - 5 CijxHmCijx —mnciy:

(8)

M.S.E. (ys,’,,ex,,) =E (yst,pexp - Y] ?

To the first degree of approximation, the MSE can be expressed as:

3 ne ne?  n*e?  nege epe
%+71_71_~_71+ 0€1 _ €oel
2 2 8 2 2

el
=Y 2E[Y;4 1 - —
=i w; [ {+eo 2+8

1 5 mne? _7?
+me| — Emel — mne| +mege; —mnepe; + -Y;

2
(1= /) (Cg, 2mnCiyy — mCizx +nCiyx — Ciyx + ZmnC,%v + 4mCl~yx)
l

)
MS.E. (Y perp) = Loy wi¥ 2

1 1 1
(—i—mQCl-zx —2m nC2 +m nzC2 mnzCizx + anC,%C — EnC,%C + 4Cl-2x>

Expressing Y gex, for X; and y; in terms of eg and e, we get

st rexp = Yo wi (mexp ((I*H)Xi+((’;11€)l))(i(l+el) }*, (1+e0)+(1—m)

(e (e e o)

2
((1 +eg—mn- —mey — %e% +mneye; — megpe + %)}

=Yio wil

_ 2"1 epel _ hepeg 1,2
n2—|—n 8—|— 3 5 —&—mnel—|—2me1

Bias (ys,’Rexp) =E [(yst,Rexp)] -y

<zr: v ( <1+eomn2m31 e%+mneoelmeoel+ezl>
1
2
1

e
—n% +n*l + 21 —%+mnel+%mel

]_Y

1 1
mnCiyy — EmnClzx — §C2 mCiyx + 8112C2
. , 1—f; o
Bias (yst,Rexp) = Zizl i ( . l) Y; (10)
’ 1 1 1,
+5Ciyx -

EnC;yx + EmCix
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, _ 2
M.S.E. (yst,Rexp) =E [y st,Rexp — Yi]
Up to first-degree approximation, the mean square error is delineated by:

1 1
’le< <1+e0—2mne% mel—ge%—kmneoel meoel—l—i—n%

1 1 1 — _ [ 1
(—i—gn e+ = eoel — —nege; +mne| + Zmel} +Y,»2 —-2Y; (Y,- (l +eg— Emne% —me1>

2
+ €% + mnege; —mege; + a_p4a + ln2€2 + —epe) — —nepe| +mne; + —me: (11)
! 2 28 172 2 2!
—fi

, =2
M.SE. (yst Rexp) Y wl-zYi ( ) (Zmnc + 2mnCiyy — 2mCiyy +n2Ci2x + Ciyx — nCiyy +Ci2y>

1 1
(—i—mszr — EnC,%C — mnzCizx — 2m2nCl~2x + mznzC,%Y + ZC,%C — mC,zx)

3 Relative Efficiency

i) The given estimator yy; ,,,,is more proficient than simple mean yy
— — . Cix
M.S.E. (ys,_’pexp) <MSE.(3,)ifp;<2(n—1) (m - %) fon
ii) The suggested estimator y; . ,is more competent than ratio y,
_ — N 1) Cic
MS.E. (V. perp) < MSE. (3) if pi > 2(1 = n) (m+3) &
iii) The given estimator y; ,,,,is more proficient than the product estimator y ,,
— — . Cix
M.S.E. (yS,_’pex,,) <MS.E. (ypS,) ifp;<2(n+1) (m—l— %) o8
(iv) The suggested estimator (ys,’ Rexp) is more proficient than the simple mean ()
— — . Cix
MSE. (Vg gexp) <M-S.E.(3y) if pi > 2(n—1) (m— 3) ¢
v) The suggested estimator y,; g,,,is more proficient than the ratio y,.,
M.S.E. (yst rexp) <M.S.E.(yy)if pi <2(1—n) (m+ ) Cy
vi) The proposed estimator y; g,., is more efficient than the product y
- - . Cix
MSE. (Y rexp) < M-S.E- () if pi > 2(n+1) (m+3) G
Optimum Variance
The optimum estimator of the suggested estimator Y, ,,,,, is up to first degree approximation for which MSE is minimised
respectively. Differentiate expression (9) w.r.t. m and n gives optimum values
pi Gy 1 —pi Gy

TG 27 (m-1)Ca

Thus, the resulting minimum MSE of estimator Y ., is

r . 1—f
M’S'E'@st,pexz))mm = Z WizYiz ( _fl) C2 (1-p;i )
i

n;

The optimum estimator of the suggested estimator y; g,,, is up to first degree approximation for which MSE is minimised
respectively. Differentiate expression (11) w.r.t. m and n which gives optimum values
me _Pi @_'_1 pi Gy

- S
-G 2" DG

Thus, the resulting minimum MSE of estimator Y, gy, is

r . 1= f
MSE (), = o7 (52) € 1-02)

Numerical Comparison

https://www.indjst.org/ 4707


https://www.indjst.org/

Nikita et al. / Indian Journal of Science and Technology 2023;16(48):4703-4709

In order to examine how well the aforementioned estimators perform in relation to the mean ratio and product, we take a
look at the following data set:

Population I: (Singh and Mangat, 1996) ?V

X = The number of milch cows in 1990

Y = The number of milch cows in 1993

Parameters used in data set are given below:

Table 1.
N =7 N> =12 Ny =5
n =3 n,=>5 ny =2
W =0.2916 W, =0.5000 W3 =0.2083
X, =15.2857 X, =17.2500 X3 = 20.6000
Y1 =17.4285 Y,=20.4166 Y;=17.8000
Co =02991 Cp=03185 Cg=0.1770
Cy1 =0.2408 C; =0.1997  Cy3 =0.1837
p =029 n=10 N=124
Population II (Tailor et al., 2014) 22)
y: Productivity (MT/Hector)
x : Production in ’ 000 Tons
Parameters used in data set are given below:
Table 2.
Estimators StratumI  Stratum II
n 2.00 2.00
n, 4.00 4.00
Ny, 10.00 10.00
Y, 1.70 3.67
X, 10.41 289.14
Sy 0.50 141
S 3.53 111.61
Sy 1.61 144.88
52 2.21

4 Conclusion

Many authors have focused on the utilization of auxiliary information to improve the estimator accuracy. The present study
was carried out by creating a novel estimator under SRSWOR. The bias and MSE equations for the reccommended estimators
have been examined. On a theoretical basis, the proposed estimators MSE were compared to the MSEs of the standard
estimator y;, the ratio estimator y,, the product estimator y,,,, and Chami’s suggested estimator y,, and the conditions
for getting minimum MSE were also derived. The optimality of the estimators under consideration is compared theoretically
and numerically with other estimators. The relative efficiency of several estimators in relation to y,, have been estimated and
are shown in Table 3.

Under some circumstances, the suggested estimators have been observed to exhibit better performance compared to
alternative estimators. The effectiveness of the proposed estimators is compared to that of other estimators using two population
data sets. The suggested estimators have been shown to be more efficient numerically in all population sets compared to other
estimators, the typical sample mean, ratio, product, and the estimator provided by Chami. As a result, it is advised to employ the
presented estimators y; .., and Y, g, in a variety of real-world scenarios. To achieve even more efficient estimation results,
we will further apply post stratification to our suggested estimator.

https://www.indjst.org/ 4708
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Table 3. PRE of various estimators w.r.t simple meany,,

Estimators  PopulationI  Population IT

Vst 100 100

Yrst 122.25 125.7

Y pst 102.45 101.64
Yost 128.55 135.4

Yt pexp 130.05 137.31
Yst.Rexp 141.56 146.8

References
1) Sharma V, Kumar S. Simulation study of ratio type estimators in stratified random sampling using multi-auxiliary information. Thailand Statistician.

)
~

4

=

5

=

&)
=

~
~

8

=

10

=

11

~

12)

13

=

14

=

15

=

16

=

17)

18

=

19

—

20

=

21

~

22

~

2020;18(3):281-289. Available from: https://ph02.tci- thaijo.org/index.php/thaistat/article/view/241278.

Tiwari KK, Bhougal S, Kumar S. A general class of estimators in stratified random sampling. Communications in Statistics - Simulation and Computation.
2023;52(2):442-452. Available from: https://doi.org/10.1080/03610918.2020.1859537.

Garg N, Pachori M. Use of coefficient of variation in calibration estimation of population mean in stratified sampling. Communications in Statistics -
Theory and Methods. 2020;49(23):5842-5852. Available from: https://doi.org/10.1080/03610926.2019.1622729.

Zaman T, Kadilar C. On estimating the population mean using auxiliary character in stratified random sampling. Journal of Statistics and Management
Systems. 2020;23(8):1415-1426. Available from: https://doi.org/10.1080/09720510.2020.1723924.

Iftikhar S, Khalil A, Ali A. A Novel and Improved Logarithmic Ratio-Product Type Estimator of Mean in Stratified Random Sampling. Mathematical
Problems in Engineering. 2022;2022:1-20. Available from: https://doi.org/10.1155/2022/6179625.

Muneer S, Khalil A, Shabbir J. A parent-generalized family of chain ratio exponential estimators in stratified random sampling using supplementary
variables. Communications in Statistics - Simulation and Computation. 2022;51(8):4727-4748. Available from: https://doi.org/10.1080/03610918.2020.
1748887.

Hussain S, Ahmad S, Saleem M, Akhtar S. Finite population distribution function estimation with dual use of auxiliary information under simple and
stratified random sampling. PLOS ONE. 2020;15(9):1-30. Available from: https://doi.org/10.1371/journal.pone.0239098.

Cekim HO, Kadilar C. In-type estimators for the population variance in stratified random sampling. Communications in Statistics - Simulation and
Computation. 2020;49(7):1665-1677. Available from: https://doi.org/10.1080/03610918.2019.1577973.

Zaman T. An efficient exponential estimator of the mean under stratified random sampling. Mathematical Population Studies. 2021;28(2):104-121.
Available from: https://doi.org/10.1080/08898480.2020.1767420.

Singh HP, Nigam P. Ratio cum product-type exponential estimator in double sampling for stratification of finite population mean. Afrika Matematika.
2022;33(3). Available from: https://doi.org/10.1007/s13370-022-01005-9.

Bhushan S, Kumar A, Tyagi D, Singh S. On Some Improved Classes of Estimators Under Stratified Sampling Using Attribute. Journal of Reliability and
Statistical Studies. 2022;15(1):187-210. Available from: https://doi.org/10.13052/jrss0974-8024.1518.

Kumar M, Tiwari A. A composite class of ratio estimators for the mean of a finite population in simple random sampling. Advances and Applications
in Mathematical Sciences. 2023;22(10):2109-2123. Available from: https://www.researchgate.net/publication/374742038_A_COMPOSITE_CLASS_OF_
RATIO_ESTIMATORS_FOR_THE_MEAN_OF_A_FINITE_POPULATION_IN_SIMPLE_RANDOM_SAMPLING.

Babatunde OT, Oladugba AV, Ude IO, Adubi AS. Calibration estimation of population mean in stratified sampling using standard deviation. Quality ¢
Quantity. 2023. Available from: https://doi.org/10.1007/s11135-023-01737-1.

Singh HP, Gupta A, Tailor R. Efficient class of estimators for finite population mean using auxiliary attribute in stratified random sampling. Scientific
Reports. 2023;13(1):1-10. Available from: https://doi.org/10.1038/s41598-023-34603-z.

Ahmad S, Ullah K, Zahid E, Shabbir J, Aamir M, Alshanbari HM, et al. A new improved generalized class of estimators for population distribution function
using auxiliary variable under simple random sampling. Scientific Reports. 2023;13(1):1-14. Available from: https://doi.org/10.1038/s41598-023-30150-9.
Bhushan S, Kumar A, Lone SA, Anwar S, Gunaime NM. An Efficient Class of Estimators in Stratified Random Sampling with an Application to Real Data.
Axioms. 2023;12(6):1-26. Available from: https://doi.org/10.3390/axioms12060576.

Kog T, Kog H. A new class of quantile regression ratio-type estimators for finite population mean in stratified random sampling. Axioms . 2023;12(7):1-12.
Available from: https://doi.org/10.3390/axioms12070713.

Singh HP, Gupta A, Tailor R. Efficient class of estimators for finite population mean using auxiliary attribute in stratified random sampling. Scientific
Reports. 2023;13(1):1-10. Available from: https://doi.org/10.1038/s41598-023-34603-z.

Bhushan S, Kumar A, Singh S. Some efficient classes of estimators under stratified sampling. Communications in Statistics - Theory and Methods.
2023;52(6):1767-1796. Available from: https://doi.org/10.1080/03610926.2021.1939052.

Chami PS, Sing B, Thomas D. A Two-Parameter Ratio-Product-Ratio Estimator Using Auxiliary Information. International Scholarly Research Network.
2012;2012:1-15. Available from: https://doi.org/10.5402/2012/103860.

Singh R, Mangat NS. Elements of Survey Sampling;vol. 15 of Texts in the Mathematical Sciences. Springer Dordrecht. 1996. Available from:
https://doi.org/10.1007/978-94-017-1404-4.

Tailor R, Chouhan §, Kim J. Ratio and Product Type Exponential Estimators of Population Mean in Double Sampling for Stratification. Communications

for Statistical Applications and Methods. 2014;21(1):1-9. Available from: https://doi.org/10.5351/CSAM.2014.21.1.001.

https://www.indjst.org/ 4709


https://ph02.tci-thaijo.org/index.php/thaistat/article/view/241278
https://doi.org/10.1080/03610918.2020.1859537
https://doi.org/10.1080/03610926.2019.1622729
https://doi.org/10.1080/09720510.2020.1723924
https://doi.org/10.1155/2022/6179625
https://doi.org/10.1080/03610918.2020.1748887
https://doi.org/10.1080/03610918.2020.1748887
https://doi.org/10.1371/journal.pone.0239098
https://doi.org/10.1080/03610918.2019.1577973
https://doi.org/10.1080/08898480.2020.1767420
https://doi.org/10.1007/s13370-022-01005-9
https://doi.org/10.13052/jrss0974-8024.1518
https://www.researchgate.net/publication/374742038_A_COMPOSITE_CLASS_OF_RATIO_ESTIMATORS_FOR_THE_MEAN_OF_A_FINITE_POPULATION_IN_SIMPLE_RANDOM_SAMPLING
https://www.researchgate.net/publication/374742038_A_COMPOSITE_CLASS_OF_RATIO_ESTIMATORS_FOR_THE_MEAN_OF_A_FINITE_POPULATION_IN_SIMPLE_RANDOM_SAMPLING
https://doi.org/10.1007/s11135-023-01737-1
https://doi.org/10.1038/s41598-023-34603-z
https://doi.org/10.1038/s41598-023-30150-9
https://doi.org/10.3390/axioms12060576
https://doi.org/10.3390/axioms12070713
https://doi.org/10.1038/s41598-023-34603-z
https://doi.org/10.1080/03610926.2021.1939052
https://doi.org/10.5402/2012/103860
https://doi.org/10.1007/978-94-017-1404-4
https://doi.org/10.5351/CSAM.2014.21.1.001
https://www.indjst.org/

	Introduction
	1.1 Notations
	1.2 Existing Estimators
	1.2.1 Simple Mean Estimator
	1.2.2 Ratio Estimator
	1.2.3 Product Estimator


	Modified Ratio and Product Estimator in Stratified Sampling
	2.1 Suggested Estimator in Stratified Sampling

	Relative Efficiency
	Conclusion

