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Abstract

In this study we have incorporated a mixed parameter of the auxiliary variable to
propose three new improved ratio estimators to enhance the mean ratio estimators for
estimating the population mean. To enhance the efficiency of the proposed ratio
estimators, a linear combination of the coefficient of kurtosis, first decile, quartile
deviation, median and the population variance of the auxiliary variables have been
harnessed. The properties related to the suggested estimators are assessed through
constant, bias and mean square error. We have also provided empirical study for
illustration and corroboration using two population data in evaluating the
efficiencies of the proposed modified ratio estimators using percentage relative error
(PRE). The suggested ratio estimators performed better than the other existing ratio
estimators compared with in the study by emerging with a lesser mean squared error
and should be preferred in application over the existing estimators, due to their
smaller values of bias and Mean Square Error.
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Nomenclature

N - Population size Yi - abidet’al (2016) existing modified
n - Sample size ratio estimator of ¥

="/ - Sampling fraction Vs - Existing modified ratio estimator of ¥
Y - Study/ main variable Ypi - Proposed modified ratio estimator of ¥
X - Auxiliary/ supporting variable Md - median of X

X - mean of X p1 - Population skewness

Y - mean of Y B2 - Population kurtosis

x - Sample mean of x D - Deciles

y - Sample mean of y DM - Decile mean

X, Y - Sample totals QD - Quartile Deviation

Sx, Sy - standard deviations of X & Y ™ - Tri-mean

5%, S% - variances of X & Y HL - Hodges-Lehmann estimator (Median)
Sxy - covariance between variables X & Y MR - Mid-range

Cx Cy - coefficient of variation X & Y Kt - kurtosis

P - Correlation coefficient of X & Y Sk - Skewness o

B() i} Bias of the estimator Cv - Coefficient of variation

MSE (.) - Mean square error of the estimator _quscrlpt_ . .

PRE - Percentage relative efficiency I, j for existing estimators
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1. INTRODUCTION

Sampling is not just pure replacement of fractional coverage for a complete coverage. Sampling is the knowledge, art of
governing and determining the consistency of useful statistical information through the concept of probability as given in
[1]. The most common method of sampling is the simple random sampling, which is drawn fragment by fragment with the
same chances of pool for each part at each draw. Ratio estimates makes use of well-known population totals of auxiliary
variables to improve the weight of sample values for population estimations of interest. This is used to modify the sample
estimate for the variable of concern. Most at times in sample surveys, information on auxiliary variable X , along with study
variable Y is collected in which the auxiliary variable X is highly associated with the study variabley . This information on
auxiliary variable X , may well be exploited to acquire a more effective estimator of the population mean. In such cases the
ratio technique of estimation is introduced to explore the information of the auxiliary variable X which is positively
associated with the study variable Y, this is imperative to reduce bias and increase the precision estimate of the population
mean. This can be attained by presenting a large number of modified ratio estimators which exploits the information by
well-known values of coefficient of variation, coefficient of skewness, coefficient of kurtosis, median, standard deviation
etc. Likewise, the ratio weights are specified by y where X is the recognized population total for the auxiliary variable

X

and X is the agreeing estimate of the total centered on all corresponding units in the sample. In [2] some modified ratio
estimators were proposed using a linear mixture of coefficient of skewness, coefficient of kurtosis and standard deviation of
the auxiliary variable x . This research work would propose some improved family of ratio estimators based on the linear
mixture of the variance, conventional and non-conventional location parameters of the auxiliary variable X , adapted from
existing methodology and to further compare its productivity with existing modified ratio estimators algebraically and
empirically using a three population data. The population statistics of the data consist of the fixed capital which is denoted
by X (supporting variable) and output of 80 factories which are represented by Y (study variable). The population statistics
of the data can obtainable in [3].

A colossal literature in the modification of ratio estimators are available in previous studies. Some of these modified ratio
estimators are given in [1-16], which all made use of the same methodology in deriving the constants, bias and mean square
error of their proposed modified ratio estimators.

Consider a finite population z ={z,,z,,z.,..., z,}of N different and recognizable bounds. Let Y be the study variable with

value Y, of Z;, 1=1,2,3,...,N giving a vectory ={v,,Y,,Y,,...,Y,}- The objective is to evaluate the population mean on the

basis of a random sample.

A new linear combinations of ratio type estimators in simple random sampling by using non-conventional measures like
Hodges Lehman estimator, population mid-range and population tri-mean as supporting information was introduced in [17].
Another new linear combinations of ratio type estimators in simple random sampling by using non-conventional dispersion
parameters like Hodges Downton’s method, Gini’s mean difference and probability weighted moment as supporting
information which outperformed previous modified ratio estimators was given in [18]. In [19]a new linear combinations of
ratio type estimators in simple random sampling by using deciles of the auxiliary variable which performed better than the
compared estimators in the literature.

In [5] a classical ratio type estimator for the estimation of finite population mean using one supporting variable under
simple random sampling scheme was proposed. In [3] a product type estimator to calculate the population mean or total of
the study variable by using supporting information when coefficient of correlation is negative was suggested. The historical
development of the ratio method of estimation is given in [20]. These improved ratio estimators, although biased, have low
mean squared errors as compared with the classical ratio estimator. In [8] some ratio type estimators with the use of
coefficient of variation and coefficient of kurtosis of the auxiliary variable was proposed. In [10] a ratio type estimators for
the population mean in the simple random sampling with the use of some known auxiliary information on coefficient of
kurtosis and coefficient of variation was Proposed. They showed that their proposed estimators are more efficient than
traditional ratio estimator in the estimation of the population mean. Also in [12] some modified ratio estimators using
known values of coefficient of correlation, Kurtosis and coefficient of Variation was Proposed. The use of coefficient of
Skewness and coefficient of Kurtosis, respectively and showed that it provides better estimates for the population mean in
comparison to the usual ratio estimator and different existing estimators was studied in [14]. In [1] an estimator with the use
of coefficient of skewness and quartile deviation of the auxiliary information in the simple random sampling for the
estimation of the population mean was studied as well. An improved ratio estimator based on linear mixture of median,
coefficients of skewness and kurtosis of the auxiliary variable, which outshone some of the ratio estimators it was
compared with using a population data was suggested in [15]. Another ratio type estimator using the linear mixture of
kurtosis, median and quartile deviation. They evaluated its performance using a population data and it performed better than
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prevailing estimators was put forward in [16]. A new linear combination of ratio type estimators in simple random
sampling by using non-conventional measures like Hodges Lehman estimator, population mid-range and population tri-
mean, Downton’s, Gini’s mean difference, Probability weighted moment and deciles as supporting information which also
outperformed previous existing estimators was introduced in [17-19].

Another new linear combinations of ratio type estimators in simple random sampling by using the standard deviation,
coefficient of skewness, coefficient of kurtosis and coefficient of variation of the auxiliary variable in proposing new
modified ratio estimators which outperformed the estimators in the study is given in [21].

In [22]a new linear combination of ratio type estimators in simple random sampling by using the deciles and quartile
deviation of the concomitant variable as supporting information which also outperformed the estimators considered in the
study was proposed.

In [23]the variance of the auxiliary variable was incorporated to propose three improved ratio estimators of the population
mean using a linear combination of the population coefficient of variation, kurtosis, skewness and the population variance
of the auxiliary variable. The suggested improved ratio estimators performed better than other ratio estimators in the
literature when compared using bias and mean square error.

Many modified ratio estimators have been proposed in the past in order to reduce the mean square error as given in the
literature above. However, the results obtained still shows some level of mean squared error. This research utilizes a linear
combination of the coefficient of kurtosis, variance, quartile deviation, median and first decile of the auxiliary variable X
to propose a new class of the modified ratio estimators to enhance the mean ratio estimators which is hoped to have reduced
mean square error when compared to the existing ones.

2. METHODOLOGY B

The classical mean ratio estimator for estimating the population mean Y of the study variable Y is given in [5] as
vo=Ix (1)
The t;(ias, constant and the mean square error of the ratio estimator are given by

B(Yﬁr)z(l_—nf)%(RSf—pSXSy) R=%; MSE(?r)=(1‘Tf)(s§+stf—2Rpsxsy) 2)

The mean ratio estimator above is used to enhance the precision of the estimate of the population mean in comparison with
the sample mean estimator whenever a positive correlation exists between the study variable and the auxiliary variable.

Estimators proposed in [17]are given as:

?lz%m(imvl) 3
Y, :%m(mxwm (4)
\ﬁ:%m(imw) ®)
%:%ﬁ(iqum) (6)
i:%m(%ﬁm) (7
?e:%(imw) 8
i:%ﬁ[)ﬂ()hm) ©)
?3:%(XCX+HL) (10)
i:%ﬁ(imm) (11)
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The biases, related constants and mean square (MSE) of the estimators given in [17] are respectively given by:

gy (@-f) f) Sx @a-f) )
B(Y1) = R R, "X TM) MS(Y) —— (RIS} +S;(1-p°))
B(Y,) = &= ‘C)S’_ZRZ2 _ Yo MSE(:)= (1 f)(R233+s 1= %)
n Yy 2 (XC,+TM)’
o= Y0 wse(r)= D restesia- o)
Y (Xp+TM)

B(ry =4S g oY wser) =4 f)(RASX2+S(1 7))

nov (X +MR)’

pr= NS o Ve wsery- @ D et +sz0-p7)

noy ® (XC, +MR)’
Sy @-f)s: ., Yp N ) f) ,

B(Ys)=——2R,R =—2 s §? 4 52
(Ye) Y R (Xp+MR) s MSE(Ys) = (RESE +S.(1-p%))

By, = &= f)SZR7, MsE(rr) =42 f)(R §7+S2(1- %))

Y ! (X+HL)
Sy_@=-1) f)Sz Y, O] f) ,

B(Ye S mse 5?1 S2(1-
(Ys)= Rs (XC Y (Ye)= (R J1-p%)
i a—f)ﬁ 2 Y v 0 f) p2ee

B(Yo)=— 2R\ g __YP . MSE S? 1 52(1-

(Yo) P Ry R, = (Xp+HL) (Yo) =——= (RIS +S7(1- p°))

Estimators proposed in [18] are given as:

10 =

¥+b(X - X)(X +G)
(X+G)

2 y+b(X X) &
_M(xc +G)
(XC, +G)

Vi YHOX=%) & 1y
(x+D)

YAM =%(X +D)

A

YA15 %(XC +D)

y+b(X X)(X s,.)
(X+S,)
y+b(X — X)(X +s, )
(Xp+S,,)
y+b(X -X)
—(XC )(XC Spw)

<>
-
5

s
Yi7 =

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

The biases, related constants and mean square (MSE) of the estimators given in [18] are respectively given by:

v 1-f) S? i
Bf10)= (n) AL (xIG)
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3= % 1=(XYPG) wse () = S Ris? 4520 p7) (31)
P+
5= D%y B mse(e) - D Ris? 4530 p7) (32)
+
8 =SSR g, - et wse(re) = S REs 7+ 520 0) (33)
sr)=4 V%R g R s use(r) = = Res?+ 520 ) (34)
o+
o) = E DR = X e =D R i) (%)
o= LR Ry = YS ~: wse(rs) = =D Res + 20 ) (36)
B(viﬂ:‘l‘—n”if%, R, (XY—PS) wse(r) = Res: 570 ) (37)
+
ABECLTN ﬁ wse(ra)= 4= D Res: 570 ) (38)
pw
Estimators proposed in [19] are given as:
Case |
Y o _M(X +p,) Where k=1.2,.. (39)
(Xp+Dy)
Case Il
Vo= IHOX-K) gy Where 1-1,2,...1 (40)
(xC,+D)
The biases, related constants and mean square (MSE) of the estimators given in [19] are respectively given by:
8va)= D% gy (XYfD) MSE(Y ) = = (RE 87 +52(0- ) (41)
P
z 1-f)s? _, YC i 1-1) p2cz, 2 2
Bwpl):u7Rp.,Rp,:m wse(r ) = =D Resz+520- ) (42)
Estimators proposed in [21]are given as:
?19 M( p+S,) (43)
(Xp+S,)
G _y+b(X-X) (44)
Yo = (4, +5.) (XB,+S,)
YA21 M XB +S (45)
%443 (XpB+S,)
Vo= M(xo +S) (46)
(xC, +5,)
The biases, related constants and mean square error (MSE) of the estimators given in [21] are respectively given by:
A 2 Vi 1— f R
o) =S DR Ry - ] MSE(s) = S REs? 520 p7) 47
B(Y )= &= f)SZR ___YB sl )—(l f)(R 52+ 52(1- p?)) (48)
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o _a-f) f)82 Y5, 7= f) 2 g2 (49)
B = 25 R Ry = b s = D Rist i)
B(Y )= &= f)S_R R YC MSE(z)-U= f)(RZZZSZ +82(1- p) (50)

Y ' T2Txe, +s,)
Also [22] Proposed 20 estimators with the most performing estimator amongst all given by;

G _y+b(X-x) (51)
Y —(XQ Dy)
CTQDy)
The bias, related constant and mean square error (MSE) of the estimator given in [22] is respectively given as:
S _@-f)s; ., YQ, - f) 2
B(Y: R R, =—— MSE(Y 5) =~ (R3S +S2(1- p%)) (52)
LI TR g g
Estimators proposed in [23]are given as:
?24 M(XC +52 2) (53)
(XC, +S;)
S ¥+b(X-X) (54)
st_i(iﬂz 5 (X, +S2)
G _y+b(X-X) (55)
Y 22 I (XB+S?
26 = (Xﬂl+s ) ( ﬂl )
The biases, related constants and mean square error (MSE) of the estimators given in [23] are respectively given by:
A _ 2 z 1-f
o) - 8080k g, - Y0 wsE(a) = D REs? 520 7) (56)
noy (XC +5 2y’
2 - A
B(st) a=1s, 2 RL, R, =P MSE(Y2)= G f)(R;.,s2 S2(1-p") (57)
noy (XB,+8%)’

g _@-f) f)52 L MSE(Y ) = &= 1) f) R.S2+S2(1— (58)
B(Y2) = ?RZG,RZG K5+’ (Y26) =——= (R3S, +5; (1- p*))

The Proposed Ratio Estimators

Driven by the modified ratio estimators, proposed in [17-19] and [21-23] We suggest three new modified ratio estimators
by adapting the methodology of the stated estimators, using the linear mixture of the coefficient of Kurtosis, quartile
deviation, first decile and population variance of the auxiliary variable, on the assumption that the auxiliary variable is
related to the study variable and any known information of the auxiliary variable can be utilized in modifying new ratio
estimators that can be used to estimate the population mean with the aim of reducing MSE, the suggested modified ratio
estimators given as follows:

\?m w(x +52) (59)
(X, +55)

V= TR0 g, o2y (60)
(X, +S2)

Vo= LX) 5 52y (61)
(X, +Sy)

Where;

@ =D,x 3,0, =QDx £,aNd o, = Md x 3,
Where @), is the combination of the first decile and the coefficient of kurtosis while

@, is the combination of quartile deviation and kurtosis and
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@, Is the combination of median and kurtosis all from the auxiliary variable

The properties of the proposed estimators can be obtained as follows:
MSE of these estimators can be gotten using Taylor’s series technique defined as

h(X,y) = h()?,?)+7ah(§c'd) | X,?(Y—X)JFL(acd’d) |X.V(7-Y) (62)

where h(X, ¥) = Rpiand. n(x,v)=R

As shown in [24], equation (62) can be applied to the proposed estimators in order to obtain the bias, relative constants and
MSEs of the proposed class of modified ratio estimators given above.

For the mixture of first decile, coefficient of Kurtosis and Variance of the auxiliary variable.

oLy +b(X =x))] Sy +b(X -x)]
fepl—R:i(X““s) | XYV (X-X)+ 7("“;;5) | XY (7-Y) (63)
| Yo b(xwﬁrs) |X.Y 1 |X.Y(7-Y) (64)
B (7m1+sf)2 (Xeo, +S7)° (xw1+Sf)
ERu R)ﬂwﬂ(x@w» V() 20Yaa+B(><wl+s))COV(W)+ L v (65)
(Xey +87)* (X +85)° T Xy +8))°
L1 (G pRa sy o, Cat fRa <D o o) (66)
(Xa, +82)? (Xa, +82)? (X, +52)
Where ﬂzz%y: szzsy :Psisynote we omit the difference of (E(b) - ) (67)

Because this assumes a line through the origin, as in the unbiased case for design-based ratio estimator. In [25] this
condition for bias to ‘vanish’ for SRS makes sense because weighted least square (WLS) regression, and ordinary
(homoscedastic) least squares (OLS) regression are both unbiased for b. a derivation of the design based ratio estimator
which shows it is unbiased when we have a linear regression through the origin with the regression coefficient being
homoscedastic is given in [25].

2
MSE(Y,,) = (X, +57)’ E(R,ﬂ— Rj (68)
~ (Yia)l_'_iﬁ(ia)lz_'—zsf)) V(X) 2(Ya)1+ﬂ(xa)1+s )) COV(X y)+V(y) (69)
(X, +8S;) (X, +S?)
va 2 Va2 2\v 2(vy va 2
LY +2ﬂ(Xw1ij)Yczolz+ﬁ (Xey+8;)° V(X)_2Y&a+}ﬂ(Xajl+Sx)COV(X’WV(V) (70)
(Xay +8,) (Xay+8,)
L0 Ga) | e gl [ Ve ol o (71)
" || (X +52)7  (Xeo+59) * [(Xey+5S)) v
G f)(R252+2ﬁR \SZ+ S —2R S, —2f3S,, +SZ) (72)
MSE(Y,,) = o f) (R34S2+2R, pS,S, + p?S2 —2R, pS,S, —2p?S? +S2) (73)
o f)(stz psj+sj);(1_f)(R§1sf+sy(1—p2)) (74)
n
R — 7Ya)1 (75)
" (X +S2)
blas(ypl)~(l f)i (76)
MSE(ypz)_(l f)(RZ S2+2R,,pS,S, + p?SZ—2R,,pS,S, —2p?S? +S?) (77)
(1 f)(RZ 82 ZS +S )~ (1 f)(RZ SZ+Sy(l_p2)) (78)
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R . Yo (79)
P27 (X, +S2)

o 1-f) S?

bias(y,,) = (—n)YT R, (80)

MSE(Y,;) = (1_n D) (R%S2+2R ,pS,S, + p°S? —2R ,pS,S, —2p°S? +S?) (81)
1-f 1-f

L4-0 - )(Re52 - prs?+52) = - )(R2,52+5, 1 p?)) (82)

R . Yo (83)
P (X, +S2)

L 1-f) S?

bias(y,,) = %YT R, (84)

_ MSE(emstmg—esﬂmator) <100 (85)
MSE (proposed —estimator)
3. DATA PRESENTATION AND RESULTS

To examine the efficiencies of the suggested estimators we are going to consider two natural population datasets. The
descriptive statistics of the datasets are given below.

Population I:

The performances of the suggested ratio estimators are assessed and compared with the prevailing ratio estimators by using
a population data given in [3]

Fixed capital which is denoted by X (auxiliary variable)

Output of 80 factories which are represented by Y (study variable)

N=80; n=20; M, =757.5; S =1835.659; S, =845.610; 0 =0.941; Y =5182.637; X =1126.463;

D, =360; f,=-0.063386; f3,=1.050002; c =0.751; Q, = 588.125; M =1795.5; D,,=3480; G=904.081

Population I1:

The performances of the suggested ratio estimators are assessed and compared with the prevailing ratio estimators by using
a population data given in [26],

Y : Output

x : fixed capital

N=34; n=20; m,=150; s =733.1407; s =150.5059; p =0.4491; Y =856.4117; p,=70.3;

X =208.8823; §,=0.0978; £,=0.9782; C,=0.7205;Q, = 80.25; M, =284.5; D, =564.0;G=162.996.

The best performing modified estimators amongst the existing proposed modified estimators for each class is selected for
comparison with the new class of proposed modified estimators

Population |
Table 1: The Statistical Analysis of the Estimators for the Population |
Estimators Constant Bias MSE
oo Tt b(X —X) (e, + MR) 1.473 11.23 72582.52
(Xc, + MR)
Yoz ytb(x -X) (Xp+G) 2.224 25.58 146971.80
(Xp+G)
2 VAb(X—%) - 1.074 5.970 45412.23
Yo = TP g D)
(Xp+Dyy)
2 y+b(X=%X) o 0.899 4.185 36162.07
Yoy = w(xcx +D,,)
(XC, +Dy)
2 y4b(X-X), - -0.424 0.931 19298.56
Y0 :w(xﬂz +S,)
(Xﬂz +Sx)
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S y+b(X-%) o 0.995 5.120 41005.92

V=02 X (30 4D,

2 (YQd+Dm)( Q, +Dy)

Vo= LXK (00 4 52) -0.172 0.152 15260.00
(X, +S;)

Vo = L0 5, 12y -0.287 0.426 16680.28
(X, +Sy)

Vo = DX 2K () 157 -0.376 0.733 18271.50
(X, +S;)

Table 1 shows results of the existing estimators and the proposed estimators when applied to the population data given in
[3] the related constant, Bias and Mean Square Error (MSE) of the three proposed estimators are all smaller when compared
to the existing ones.

Population 11

Table 2: The Statistical Analysis of the Estimators for the Population 11

Estimators Constant Bias MSE

¥, = Yb(X %) (Xc, + MR) 1.4185 1.096 9772.39

(Xc, + MR)

Va =w(ip+6) 1.498 1.221 9880.25
(Xp+G)

G IR 0.585 0.186 8993.40
(Xp+Dy,)

Vo = YEOXX) 90 1y 0.864 0.406 9181.80
(XC, +Dy,)

2 yip(X—%) - 0.490 0.131 8946.13

Y 20 =W(Xﬁz +S,)
(Xﬂz + Sx)

V2= X9 25 D) 4.081 9.070 16602.16

(XQ, +Dy) o

PR ALUSING P 0.244 0.032 8862.02
(Xay +S,)

Vo= IHOXX) 0 g2y 0.277 0.041 8869.86

P Ry, 48 e

@ps _ ytb(x 72Y) (K, +57) 0.489 0.129 8945.46

(Xa, +S2)

Table 2 shows results of the existing estimators and the proposed estimators when applied to the population data given in
[26] the related constant, Bias and Mean Square Error (MSE) of the three proposed estimators are all smaller when
compared to the existing ones.

Table 3: PREs of the New Class of Modified Ratio Estimators for Population |

Estimators ? ? ?
pl p2 p3
Voo IEDX=%) g L vR) 475.64 435.14 397.24
(Xc, + MR)
ﬁl:m(gpﬁn 963.12 881.11 804.38
(Xp+G)
Voo 2 THX=X) D) 297.59 272.25 24854
(Xpo+Dy)
Vo= TR (e b,y 236.97 216.80 197.92
(XC,+D,)
Y= LIDX=X) s sy 126.47 115.70 105.62
(Xp,+5,)
Vo= L0 (50 b, 268.72 24583 22453
(XQd + DlO)
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Table 3 shows the Percentage Relative Efficiency values of the proposed modified estimators to the existing ones when
applied to the population data given in [3].The results shows that the new modified estimators are more efficient than the
existing ones.

Table 4:PREs of the New Class of Modified Ratio Estimators for Population |1

Estimators \?pl \?pz \?pa
Voo ij(i—i)(icx+MR) 110.27 110.18 109.24
(Xc, + MR)
@n _ y+b(X —X) (Xp+G) 111.49 111.39 110.45
(Xp+G)
2 y+b(X-X%), o 101.48 101.39 100.54
Yoo :%(xm D,,)
10
2 y+b(X-%), o 103.61 103.52 102.64
Yo :H(xcx +D,)
X 10
AZO _ ytb(x -X) (X5, +5.) 100.95 100.86 100.01
(Xﬂz +Sx)
\?23 _ y:r b(X —X) (XQ, + Dy) 187.34 187.17 185.59
(XQ, +Dy,)

Table 4 shows the Percentage Relative Efficiency values of the proposed modified estimators to the existing ones when
applied to the population data given in [6].The results shows that the new modified estimators are more efficient than the
existing ones.

4, DISCUSSION

The accessibility of auxiliary data improves the productivity of the estimators. The mean ratio estimator has been suggested
using well-known values of population variance, coefficient of kurtosis, first decile, quartile deviation and median of the
auxiliary variable. The performance of the proposed modified mean ratio estimators and the existing estimators has been
evaluated using the data given in [3] and [26]. The population statistics are shown in population I and I1. The properties of
the proposed and existing estimators have been studied through their related constants, bias and mean squared errors. The
bias of the suggested estimators are approximately approaching zero which gives the suggested estimators an edge over the
prevailing ones. The mean squared errors of the proposed estimators performed better than all the existing estimators
proposed in [17-19] and [21-22] compared with in this study. The (PREs) of the suggested ratio estimators with respect to
the existing estimators were calculated in (Table 3 and 4). It is clearly seen that the suggested estimators outperformed all
prevailing estimators compared with, which further shows the efficiency of the proposed estimator. Also, the percentage
relative efficiency of the proposed estimator revealed some amount of percentage efficiency over the existing ratio
estimators. Practical studies revealed that the bias and the mean squared error of the suggested estimators are less than that
of the existing estimators under the two different naturally occurring populations. Therefore, the new class of modified ratio
estimators suggested in this study under simple random sampling should be used for improved and steadier results, and
should be considered over the existing modified ratio estimators for empirical applications.

5. CONCLUSION

In this study, we proposed three new modified ratio estimators for estimation the population under simple random sampling
when information on the auxiliary variable is known. The MSE of the proposed estimators were derived using the partial
derivative method as given in [24]. Also the conditions for which the proposed estimators outperforms the existing ones
have been provided theoretically and empirically. An empirical study was also carried out to evaluate the performance of
the proposed estimators over some related existing estimators under simple random sampling using two different natural
populations which are positively strongly related and positively moderately related respectively. Tables (1 to 4) shows the
constants, bias, MSE and PRE of the proposed and existing estimators of which the proposed estimators outperforms the
existing ones by emerging with the least mean squared errors and a higher percentage relative efficiency. Amongst the three
proposed estimators, the one with the linear combination of the first decile, coefficient of Kurtosis and variance of the
auxiliary variable performed best.
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