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ABSTRACT

In sample survey, the uses of auxiliary variable in estimating population mean has been paramount for
many researchers, because, it improves the efficiency of proposed estimators significantly. Several
studies show that higher level of precision could be obtained when the auxiliary information were adopted
especially when both variables were highly correlated. In this study, regression approach and sample size
of auxiliary variable were used to improve the precision of proposed estimators. The bias and mean
square error of each proposed modified ratio estimators using regression approach were obtained up to
first order approximation. A theoretical comparisons of propose modified ratio estimators were carried out
with other existing estimators for population mean. A numerical study was also carried out to see the
performance and efficiency of the proposed estimators over some other existing estimators using Murthy
(1967) and Mokhopadhyan (2009) data set. And the condition under which the proposed modified ratio
estimators with the regression approach better than other existing modified ratio estimators were verified.
Eventually, the study exhibits that proposed modified ratio estimators using regression approach were
better than other existing modified ratio estimators as the proposed estimators has lower mean square
error compared to other existing estimators.

Keywords: Ratio estimator, Regression Approach, Sample Size, Bias, Mean Square Error, Efficiency.

1. Introduction

The use of auxiliary information to increase or
improve the efficiency of suggested or modified
estimator in sampling theory has been a custom
to many researchers in sample survey. In fact it
more efficient when there are higher level of
positive correlation between a studying variable
and auxiliary. Auxiliary information incorporated
with study variable contribute immensely in the
estimation of population mean in finite population
if its use properly. However, research exhibits
that the uses of auxiliary variable incorporated
with the study variable to modify ratio type
estimator perform efficiently even when there
existing negative correlation between the two
variables. Many researchers have proposed an
estimators by transformed  conventional
estimators such as ratio, product, different and
regression estimators to relative type with
adoption of auxiliary information in order to
increase the precision of the estimate of the
population mean.

The sample mean is the most acceptable and
suitable estimator to estimate population mean
when the sample size is large but research
shows that regression approach play significance
roles in efficiency of any estimator. Cochran W.
G (1940) and Cochran WG (1977) initiated the

use of auxiliary information and proposed a ratio
estimator for population mean. It is so far
established fact that the ratio type estimator
provides better efficiency in comparison to simple
mean estimator provided the study and auxiliary
variables are positively correlated. If the
correlation between the study and auxiliary
variables is negative, product estimator is more
efficient than sample mean estimator. Modified
ratio estimators came into existence and were
constructed by using one or more unknown
constants. In a class of estimators, the estimator
with minimum variance or mean square error is
regarded as the most efficient estimator. This
concept has been utilized by several researchers
to improve the efficiency of ratio and product type
estimators for estimating population mean of
study variable like Upadhyaya L.N and Singh HP
(1999), Singh H. O., Tailor R.,Kakran M. S.
(2004), Jeelani M. 1., Magbool S., Mir S.A (2013),
Yadav S. K., Shukla A.K (2014), Abid M, Abbas
N, Sherwani RAK and Nazir HZ (2016),Yadav
S.K and Pandey H(2011), ,Yadav S.K and
AdewaraA.A (2013), Yadav S.K, Mishra S.S and
Shula A.K (2014), Yadav S.K, Mishra S.S and
Shula A.K (2015), Yadav S.K, Mishra S.S, Shula
AK, Kumar S and Singh R.S (2016a), Yadav
S.K, Gupta S.A.T, Mishra S.S, and Shula A.K
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(2016b), Yadav S.K, Subramani J, Mishra S.S,
and Shula A.K (2016c), Yadav S.K, Misra S,
Mishra S.S, and Chutiman(2016d)

Let U= {Ui, U2 Us.......... ,Un }be a finite
population having units and each U;,=(XiYi), i =
1, 2, 3,...,N has a pair of values. Y is the study
variable and X is the auxiliary variable which is
correlated with Y. Let y={y;, ¥2, ¥3, ---... v,} and
X = {x;1, x3,x3 ....Xn} be n sample values, y and
X are the sample means of the study and auxiliary
variables respectively. Let S2and S2 be the finite
population variance of Y and X respectively and
S¢ and SZ be respective sample variances based
on the random sample of size n drawn without

replacement. The following are the other
notations used throughout this study.
N: Population size, n: Sample size,
Y: Study variable, X: Auxiliary variable
y,x. Sample means of study and auxiliary
variables.
Y, X: Population means of study and auxiliary
variables.

p :Coefficient of correlation of study and auxiliary
variables

Cy, Cy: Coefficient of variations of study and
auxiliary variables

B, Coefficient of skweness of auxiliary variable.
, B Coefficient of kurtosis of auxiliary variable,

M, - Median of the auxiliary variable

%*anlwzs%ﬁ-%m—w S = 3 2ot = )2

n—-1
1 1

Sp=Sn,(— X2, 8=(>-2), ¢, =2 C,=

Y g2 X X2

1. Literature review
The most suitable estimator for estimating population mean Y is the sample y given by

y == X0V D
And it is unblased for population mean and its variance up to first order of approximation this is given by,
V () = 6S5=6Y2C; , (2)

Cochran (1940) proposed an estimator by using positive correlation of auxiliary variable with study
variable and the following usual ratio estimator of population mean as,

v =y.2 (3)
The above estijrcnator is biased estimator of population mean and its Bias and Mean Square Error were
obtained up to first order approximation respectively.

Bias (Yr) = 0¥ (C2 — pC,Cy) (4)

MSE (Y1) = 6Y2(C2 + €2 — 2pC,C,) (5)
Sisodia B. V. S. and Dwivedi V.K (1981) proposed ratio type estimator by modified auxiliary information
with the uses of coefficient of variation ( C,) of auxiliary variable as:

= _ (X+Cy

n=y (f:cx) (6)
Bias (¥;) = 67 (62C2 — 2pC,C,) @)
MSE (Y;) = 87%(C2 + 62CZ + — 2pC,Cy), (8)

where it’'s constant is given as: §,= = (9)
X+Cy

Upadhyaya L. N., Singlh H. P,(1999) proposed ratio type estimator by imposing coefficient of variation,
C, on work of Singh H. P., Tailor R., and Kakran M. S. (2004), the propose estimator it as:

S _ — (XCxtpo

=5 (512) (10)

Bias (Ys) = 8Y(62C% — 2pC,C,) (11)

MSE (¥5) = 672(C2 + 62CZ + — 2pC,Cy) (12)

where it's constant is given as: 5= ;i)’f (13)
2

Singh H. P., Tailor R. (2003) proposed ratio type estimator by replacing correlation of an auxiliary variable
on work of Sisodia B. V. S. and Dwivedi V.K (1981)

s _(X+p
V= ( =) (14)
Bias (Y,) = 8Y(62C2 — 2pC,C,) (15)
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MSE (V) = 67%(C2 + 62C% + — 2pCyCy), (16)
where it’'s constant is given as: §,= % a7)

Singh H. P., Tailor R., and Kakran M. S. (2004) proposed ratio type estimator by replacing coefficient of
variation (C,) in work of Sisodia B. V. S. and Dwivedi V.K (1981) with coefficient of kurtosis () of auxiliary
variable as:

i3 (2 @9
Bias (¥s) = 07 (62C2 — 2pC,C,) (19)
MSE (Ys) = 872(C2 + 62CZ + — 2pCyCy) (20)

X
. (21)
Subramani J., Kumarpandiyan G.(2013) proposed an estimator by replacing the correlation (p) on the
work of Singh H. P., Tailor R. (2003), and coefficient of kurtosis (f,)on the work of Upadhyaya L. N.,
Singlh H. P, (1999) by median of auxiliary variable.

where it’'s constant is given as: 4=

s  _(X+M

7= (Fons) 22)

Bias (V) = 8Y(62C2 — 2pC,C,) (23)

MSE (Y;) = 872(C2 + 862C% + — 2pC,C,), (24)
X

where it’'s constant is given as: ;=

~ (25)

X+My

Jerajuddin and Kishun (2016) proposed a ratio type estimator that minimized an error term and biasness
compare to other ratio type. They are the first to use the sample size n in order to increase the precision
of Cochran W.G (1940) estimator. The estimator it as:

= _ (XCy

Y, = y(fc,:;) (26)

Bias (V) = 6 V(8%pC2 — 20C,C,) 27)

MSE (Y,) = 872(C2 + 8%pC% — 2pC,C,) (28)
XCy

where it's constant is given as: 6,= Fav
2. Researched Methodology

Suleiman and Adewara (2021), proposed an

improved modified ratio estimator of population

mean using information on size of the sample.

The bias and mean square error up to first order

Gi= Y [a’i + (1 -a;) (%)]

X+Cxn

(29)

of approximation were obtained. The generalized
estimators of the population mean, and it's
constant, bias and mean square error where is
given as follows:

(30)

Table 1: Biases and Mean Square Errors (MSE) of the existing estimators

Estimator(s) {p; Constant MSE
s/n 6pi
1 y [“i +(1-] _ X 97[—6p1prCx +85,C7 720 l C2 4+ 82,2
@) ()?+an)] X+ Cyn + a18,1pCy Cy y o op
t X+Cyxn - a18%)1C3?] A12
- 26p1prCx — ?
1
2 5 e, _ XGy OY[—8,,0CyCy + 83,C32 720 c2 + 82,2
' ) XC, + Byn +a26§ip63],6x y o pzEx 2
XCx+.82n _a28 2C2 AZ
1—q;)| ———=— pa=x — L
+(1-a) <fo m ,32">l 28,,pC,Cy 57
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3 X OY[—8,3pCyCy + 833C2 729le2 4 82,c2
~ X+ pn + a36,3pC,Cy
X +pn — a382;C2| A’
1— a p3~x - _3
+(1-a) (f n P")l 28,3pC,C,, 5
4 X Y[— 2, C2 _
y [ai X OVl Gt Bt 726 l C2 + 82,C2
~ X+ fn + a4 8,4pCyCy
X+ B — 2,8,°C2] A2
1—a) | —=— p =x — N
+(1—a) (i n ﬁzn>l 28,4pCy,C;, 5,
5 X 0Y[—6,50CyCy + 835C2 _
V|a; _— Y20 | C? + 8%.,C?
y[ ' ~ X+ Bin + a50,5pC),Cy y T UpSTx
X+ ﬁln - a5825C2] A52
1—a; p5S™x - =
+(1-a) (i n Bm) 28,5pC, Cy 5.2
6 X 0Y[—6,6pCyCy + 834C2 _
v |a; _— Y20 | C% + 62.C2
Y [al B X+ Myn + 66,60CyCy y o TpeTx
X + Mdn — a682 CZ] A62
1—a: s o ta p6*~x _ _ 76
+(1—a) (i m Mdn> 28,6pCyCy 5.2
7 X 0Y[—6,7pC,Cy + 85,C2 _
yla; - Y20 | C%+ 62,C2
Y l ' B XMyn +n + a;8,,pC,Cy y U7X
XMd +n — a7827cz] A72
1—a) | ———— p7=x — —
+(1-a) (XMd n n)l 28,7pCyCy 5
3. The proposed estimators; improved modified ratio estimation of population
This research work was motivated by the work of mean using regression approach. The estimators
Suleiman and Adewara (2021), and propose are;
_ = - X+Cyn
Ky =¥las + bo (X - B)lexp [Tt (31)
_ = XCy
K, =¥la, + be (X - Dlexp [T (32)
_ = X
Ks =¥las + bo (X — Dlexp |12 (33)
_ = X
Ky =lay + b (X - B)lexp [72] (34)
L = _ [ X+
Ks =ylas + be (X — D)lexp || (35)
— 5 [ X+M
Ke =las + be (X —D)lexp | ] (36)
- v = [ XM g+
K; =¥la; + be (X — D)lexp || (37)

Where, «;(i = 1,2,3,4,5,6,7) are suitably chosen constant to be defined such that the mean square error
of the proposed estimator is minimum and b,, is slope of the regression curve, this could be obtained by
regression of both study and auxiliary variable.
To obtain the bias and Mean Square Error of the propose estimators, the following properties must be
adopted.
Properties of the Proposed Estimators

y=Y (1+ey), x=2X (1+e;) such that E(ey) = E(e;) = 0, E(ey?) =0 C2, E(e,?) =0C2, E(ege,) =

6pC,C,, where 6 = % (38)

Bias and MSE of K;
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Now express eq (21) in error term and substitute eq (28) into equation eq (31)
V4 v v X Cxn
K=V (1 + ep) [@ + bo (X — X (1 + e;)]exp [m] (39)
= = 5 o X+Cxn
K1:Y(1 + eo) [0( + by (X -X - Xel)]exp [m} (40)
> = X+Cxn
Ki=Y(1 + ep) [a — b(pXel]eXp [m] (41)
K=Y (1 + ep) [a — bpXe,|exp [+] (42)
b TT

Use inverse operation for eq (42), we have

K, =Y + Yep[a + bp (X — X (1 +e;)]exp [+] (43)
1+W€1
K=Y (1 + ep) [a@ — bpXe,lexp [H;pel] (44)
Ki=F (1 + eo) [ — boKesJexp | (1+6pe1) | (45)
Where it constant is: &, = - (46)
X+Cxn
Ky =P(1+ e) [a — boXesLexp [ (1+ 8pes +8,%e,%) | (47)

Retaining the term up to first order approximation, we have
Ki=(Y + Vep)[a + abpXe;, + ad,’e,? — bpXe, — bpXe,5,e; — bpXe,5,°e,2|  (48)
Simplify the equation and subtract ¥ from both side of equation, we get
a + abpXe, + ad,’e;? — bpXe, — bpXe 8,e; — bpXe 8,°e, + aey + abpXe ey +
K,—Y=Y¥ (49)
ad,’e;ey — bpXeseq — bpXe Speqe; — bpXeyens,”e,?
Taking the expectation of both sides of equation and substitute the values of different expectations, we
have bias of K;
o + abpXe; + ad,’e;? — bpXe, — bpXe 8,e; — bpXe 8,°e,% + aey + abpXe ey +
E(K, —Y)=YE (50)
ad,’e;%ey — bpXejey — bpXe Sye0e; — bpXe oS, eq?

E(K, — ¥)=Y(a + 283, C2 — bpX5,0C2 + abpX0pC,C, — bpX0pC,C,) (51)
Re-arrange the right side of the equation (41), we have

E(K, — V)= Y(a + a88,” C — bpX5,0C2 + abpX0pC,C, — bpX0pC,C,)  (52)

E(K, - V) =Y[a+ 0(ad,” C2 + abpXpC,C, — bpX5,C2 — bpXpC,C)|  (53)
Therefore the bias:
Bias (K;) = Y[a + 8(ad,? CZ + abpXpC,C, — bpX35,C2 — bpXpC,Cy)] (54)
To obtain the MSE

Square both sides of eq (44) rating the term up to first order approximation, take the expectation of both
sides of equation and substitute the values of different expectations, we have MSE of K;

a + abpXe; + a6p2612 — bpXe; — bpXe,5,e; — b(p)?eIszelz + aey + abpXe e, + ?
E(K, —YV)? =77 ) ) )
a6pzelzeo — bpXeje, — bpXeiS,epe; — bqueleo61[,2@12

(55)
E(K, — V)2 = MSE(K,) = V2[a? — @ 0(26,° C2 + abpX5,pC,Cy] (56)
Therefore, the mean square error
MSE(K,) = Y?[a? — a 6(268,° C2 + abpX5,pC, Cy| (57)
Which minimize o « when equation is partially differentiate with respect to « and equate to zero, we have:
R = 2[a? — @ 0(26,° C2 + abpX8,pCyC,] (58) 72[2a —
0(26,” CZ + abpX5,pC,C,|=0 (59)
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(2a + aBbpX8,pC,C,)= 208, C? (60)
a(2 + 6bpXs,pC,C,)= 205, C? (61)
2 ~2
=2 +9§Zf?z<;p;zy tCyx - 2_11’ (62)
Where bp = 2 (63)
Therefor the m’icnimum MSE of K1 is
MSEmin (K1) = 7260 €2 + 2%-5,C2 - z(b(p)?5pprCx +1] (64)

Therefore, the bias and Mean Square Error of other proposed estimators can be obtained in the same
way. The following are generalized bias and Mean Square Errors MSE of the proposed estimator given

by

Bias (K;) = Y[a; + 6(;83; C2 + o;biXpCyCy

MSEmin (K) = Y26 C3 + zg—ispicg
208" C}

Where; ai - 2 +9b(pi)_(8pipcy tCx

4. Theoretical efficiency comparison
The proposed modified ratio estimators were set
to be compared theoretically with the other
existing related ratio estimators of the population
mean in terms of their variances and mean
square error (MSE) under simple random
sampling without replacement scheme and
thereby establishing efficiency condition.

— byiX8,;C2 — beiXpC,Cy)|  (65)

A;? -~
— 52 (b@iX8ipCy Cy + 1) (66)
(67)

Efficiency Condition of K;(i =1, 2, 3, 4, 5, 6, 7)
over some related existing ratio estimators.
From the MSE of proposed modified estimator
K; and equation 2, propose estimator modified
estimator is better than the mean per unit
estimator.

V (7) - MSEmin (Ki) = Y29[ C2 + 2’*1 5,iC2 ——(b(plX5plpC C, + 1)] >0 (68)

or Cj+ 25-0piCH
biX8,ipCyCx+1
(=1,2, 3, 4,5,6,7)

When the above equation is satisfied, K,,; is more
efficient than y

From the MSE of proposed modified estimator K;
and MSE ({,;), propose estimator modified

MSE (¥) - MSEmin (Ki) =
720 | (R? - 8,°) €3 — 2(R - 5,,1)“1 5,iC2 —

.2 —
o (biXSpipCy L+ 1)] >0

(69)

estimators K; is better than the modified existing
ratio type estimators by Suleiman and Adewara
(2021),

(70)

(R2=8p;%) C3— 2(R— apl):}laplcx a7 1)
biX5,;pCyCx+1 B;?
Table 2: Biases and Mean Square Errors (MSE) of the proposed estimators
Estimator(s) Constant Bias MSE
s/in| Kpi Opi
1 | yla, + be (X —x)]ex X Y 0(a,6%, C2 _ A
|| X+ ., + ;b1 XpCy Cy B,
" = by X0piCe Ay pp1R8, pC,Co 4 1
_bqol)?prCx)] 7( % p1PLly x T
28 https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjsat

TERTIARY EDUCATION TRUST FUND



https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjees/libraryFiles/downloadPublic/1

THE FEDERAL
POLYTECHNIC,
ADO-EKITI,

EKITI STATE

FEDPOLAD JOURNAL OF SCIENCE AND AGRICULTURAL TECHNOLOGY
(FEDPOLADJSAT): Vol. 3. Issue 1. OCTOBER. 2023

ISSN:

2782-8484

2 | ylay+ bo (X XC, Y[a, + 0(az82, C2 1. 4.
- f)]exp XCx—-I_ﬁzn )?Cx + [on + aZb(pZXPCny Y=6 Cy + ZB_26P2Cx
Xox+ fon — bya X8y CY A’ (bp2X68,,pC,Cr + 1
— b(pz)?prCx)] BZZ (p pzp yLx
3 yla, + bo (X X Y[as + 6(az62; C2 cop| g2 4 o A5 s oo
—X)]exp X+ pn X+ pn + a3by,3XpC, Cy y B, P37
f‘l’Pn _b(P3X6PZCJ? A32 B
N b<P3XPCny)] B 3_32 (bp3X3p3pCy Gy + 1
4 yla: + bo (X X Y]as + 0(as8%, C2 1 A
ey (TP | TH B |+ aabguXpGyC P20| Cf + 25 6,uC3
X + fon — by X8,,C? 4,2 .
— bpaXpCyCy)] B, (bpaXdpapCyCy + 1
5 X Y[as + 0(as6%; C2 _ A
— v _ R Yze CZ + 2225 C2
y|[a; + be (X X+ Bin + a5b(£5XpC2ny 2 y B, OvsCs
X —b,sX6,,C A ~
_ X+ pin @54 Op2Lx —i(b(p5X5 et 1]
— ¥)]exp <f +,81Tl>‘ — bysXpC,Cy)] B2 p5PCyCy
6 X Y{as + 0(asb5s C2 _ A,
Y X X = 720 c2+ 2=L5. (2
y|las + bo (X X+ Myn + a6b(£6XpCZny 2 y B, Orets
¥ — byeX8,2C A
_ X+ Myn 964 Op2Lx —i(b(p66 .0C,C +1l
— X)]exp (f n Mdn>] — b(p6XprCx)] B62 piPLylx
7 X Y[a; + 6(a;862, C? - A
Y X X v v20| c2+ 2=L6..C2
y |[ay + by (X XMgn +n + a7b<£7chzycx 2 y B, Ov7Cx
X —b,7X6,,C A ~
_ XMd +n (,07_ p7%Yx —L(b(p7X6 pC co+ 1]
— X)]exp (m) — by XpC,Cy)] B2 p7PCyCx

5. Numerical and Dataset for

Study;

Empirical 62.7652, X= 13.6624, p = 0.9023, C, = 0.3242,

C,= 0.6507, B, = 1.2501, B, = -0.0734, M, =

In this section, the performance of proposed 7.5471
modified ratio estimators using regression
approach and the existing related ratio estimators Mukhopadhyay (2009).

of population mean using information on sample
size (n) could be judged with dataset of above
mentioned. Four natural populations from two
sources. First two population: population 1 and 2
from Murthy (1967) while population 2 and 3 from
Mukhopadhyay (2009).

Murthy (1967)

Population 3: Y=Output for 80 factories in a
region and X = Number of workers, N = 40, n= 8,
Y =50.7858, X=2.3033, p = 0.8006, C, = 0.3295,
C,= 0.8406, B, = 0.8799, B, = -0.4622, M,
1.2500

Population 4: Y=Output for 80 factories in a
region and X = Fixed Capital, N =40, n=8, Y =
50.7858, X=9.4543, p = 0.8349, C,, = 0.3295, C,=
0.6756, B, =0.4622, §, =-0.0734, M; = 7.0700

Population 1: Y=Output for 80 factories in a
region and X = Number of workers, N = 80, n=
20, Y = 51.8264, X= 11.2646, p = 0.9413, C, =
0.3542, C,= 0.7507, p; = 1.0500, B, = -0.0634,
M, =7.5750

Population 2: Y=Output for 80 factories in a
region and X = Fixed Capital, N = 80, n= 20, Y =

In this section, an evaluation of proposed
modified ratio estimators was carried out and
compare with the existing estimators proposed
by Suleiman and Adewara (2021) mentioned
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above in table 2, using above populations data
set, and we applied the proposed estimators and
existing estimators to dataset , in order to
investigate the efficiency of both estimators.

Numerical values of biases and mean square
error as well as percentage relative efficiency
(PRE) of the newly proposed modified ratio
estimators over other existing related ratio
estimators of population mean for the four
population are shown in table 3to 6

It can be observed that some proposed modified
ratio estimators were having lower biases
compared with other existing related estimators,
while the mean square error of newly proposed
modified ratio estimators were also lower as
compared to other existing related estimators
Table 3: Biases, Mean Square Error and
Percentage Relative Efficiency of the newly
proposed modified ratio estimators and other
related existing estimators using population 1
data set

Estimator Constant Bias MSE PRE
y 0.000000 0.000000 12.0024 NA
Y, 0.000000 0.608819 18.9793 66.589
{p1 0.428661 -0.007525 1.439881 877.615
{2 1.176397 0.3562010 1.439996 877.545
{p3 0.374356 -0.033941 1.439885 877.612
{pa 1.126843 0.332096 1.439992 877.547
(s 0.349132 -0.046211 1.439985 877.552
$ne 0.069208 -0.182376 1.439981 877.554
$y7 0.810119 0.178302 1.439988 877.550
K1 0.013264 -0.00453 0.18457 906.823
K2 0.023440 -0.02562 1.36934 906.553
Ks 0.015643 -0.01897 1.40645 906.551
Ka 0.003245 0.00123 0.73670 906.556
Ks 0.007432 0.14535 0.34325 906.574
Ke 0.009675 -0.11672 1.52100 906.565
K7 0.231678 0.00976 1.0045 906.556

Table 4: Biases, Mean Square Error and Percentage Relative Efficiency of the newly proposed modified

ratio estimators and other related existin

estimators using population 2 data set

Estimator Constant Bias MSE PRE

y 0.00000 0.000000 12.63661 NA
?r 0.0000 1.151032 41.32765 30.577
{p1 0.130666 -0.12673 2.056073 614.345
(p2 0.162347 -0.107145 2..056889 614.355
(p3 0.134805 -0.123600 2.056895 614.354
(pa 0.169667 -0.1027724 2.056881 614.358
{ps 0.098786 -0.1451187 2.056933 614.342
(pe 0.087864 -0.1516441 2.056947 614.359
(o7 0.174234 -0.10004 2.056875 614.359
K1 0.16823 -0.03436 1.9766 668.355
K2 0.63634 -0.10693 2.0026 668.355
Ks 0.26373 -0.07448 2.0025 668.355
Ka 0.71927 -0.08385 1.9389 668.355

Ks 0.82923 -0.01262 1.9026 668.355
Ke 0.53883 -0.01276 2.0382 668.355
Kz 0.72527 -0.00267 2.0273 668.355
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Table 5: Biases, Mean Square Error and Percentage Relative Efficiency of the newly proposed modified
ratio estimators and other related existing estimators using population 3 data set

Estimator Constant Bias MSE PRE
y 0.0000 0.00000 28.0024 NA
?r 0.0000 2.46240 95.86411 29.211
{1 0.2551 -0.0661 10.053897 278.523
{n2 -0.8277 -1.2856 10.053953 278.521
{p3 0.2645 -0.5554 10.053889 278.523
{pa -1.1688 -1.6688 10.053966 278.521
{ps 0.2281 -0.0964 10.053941 278.522
{pe 0.1872 -0.1425 10.053976 278.521
{p7 0.2646 -0.0553 10.053876 278.523
K1 0.2343 -0.0234 7.0273 478.879
K2 0.1321 -0.0675 7.8221 468.172
Kz 0.2315 -0.0321 7.8153 478.227
K4 -1.4545 -0.0121 8.2673 478.672
Ks 0.2543 -0.0059 7.9262 478.383
Ke 0.3426 -0.3432 8.0002 478.002
Kz -0.3425 -0.1243 7.9208 478.149

Table 6: Biases, Mean Square Error and Percentage Relative Efficiency of the newly proposed modified
ratio estimators and other related existing estimators using population 4 data set

Estimator Constant Bias MSE PRE
y 0.0000 0.0000 28.002 NA
?r 0.0000 1.3749 49.853 56.169
{p1 0.6362 0.2162 8.4830 330.094
{n2 2.3747 1.8571 8.4831 330.096
{n3 0.5860 0.1687 8.4830 330.098
{pa 1.6423 1.1658 8.4830 330.096
{ps 0.5732 0.1567 8.4830 330.099
I~ 0.1432 -0.2491 8.4300 330.100
{p7 0.8931 0.4586 8.4530 330.097
K1 0.4982 0.0378 4.9822 420.748
Ko 0.5873 0.0294 6.7839 420.972
Kz 0.6298 0.0098 4.8296 420.873
Ka 0.8948 0.5092 5.5826 420.425
Ks 0.6383 0.1839 8.0983 420.364
Ke 0.9830 0.3219 7.2883 420.527
K7 0.8601 0.1930 7.0098 420.827

Observation from Table 3,

For population 1, it was observed that all newly
proposed improved modified ratio estimators has
lower bias and mean square error (MSE)
compared to other existing modified ratio
estimators considered in this study. The new
proposed estimators (K1, Kz, K3, Ks, Ks, Ke, K7) has
bias as follow (-0.00453, -0.02562, -0.01897,
0.00123, 0.14535, 0.14535, -0.11672, 0.00976)
respectively and MSE as follow (0.18457,
1.36934, 1.40645, 0.73670, 0.34325, 1.52100,
1.0045) respectively. And all the newly proposed

modified ratio estimators has higher percentage
relative efficiency (PRE) as (906.823) compare to
percentage relative efficiency (PRE) of other
existing modified ratio estimators considered in
this study.

Observation from Table 4,

For population 2, it was observed that all newly
proposed improved modified ratio estimators has
lower bias and mean square error (MSE)
compared to other existing modified ratio
estimators considered in this study. The new
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proposed estimators (K1, K2, K3, K4, Ks, Ke, K7) has
bias as follow (-0.03436, -0.10693, -0.07448, -
0.08385, -0.01262, -0.01276, -0.00267)
respectively and MSE as follow (1.9766, 2.0026,
2.0025, 1.9389, 1.9026, 2.0382, 2.0273)
respectively. And all the newly proposed modified
ratio estimators has higher percentage relative
efficiency (PRE) (668.355) compare to
percentage relative efficiency (PRE) of other
existing modified ratio estimators considered in
this study.

Observation from Table 5,

For population 3, it was observed that all newly
proposed improved modified ratio estimators has
lower bias and mean square error (MSE)
compared to other existing modified ratio
estimators considered in this study. The new
proposed estimators (K1, K2, K3, K4, Ks, Ke, K7) has
bias as follow (-0.0234, -0.0675, -0.0321, -
0.0121, -0.0059, -0.3432, -0.1243) respectively
and MSE as follow (7.0273, 7.8221, 7.8153,
8.2673, 7.9262, 8.0002, 7.9208) respectively.
And all the newly proposed modified ratio
estimators has higher percentage relative
efficiency (PRE) as (478.879) compare to
percentage relative efficiency (PRE) of other
existing modified ratio estimators considered in
this study.

Observation from Table 6,

For population 4, it was observed that all newly
proposed improved modified ratio estimators has
lower bias and mean square error (MSE)
compared to other existing modified ratio
estimators considered in this study. The new
proposed estimators (K1, K2, K3, K4, Ks, Ke, K7) has
bias as follow (0.0378, 0.0294, 0.0098, 0.5092,
0.1839, 0.3219, 0.1930) respectively and MSE as
follow (4.9822, 6.7839, 4.8296, 5.5826, 8.0983,
7.2883, 7.0098) respectively. And all the newly
proposed modified ratio estimators has higher
percentage relative efficiency (PRE) as (420.527)
compare to percentage relative efficiency (PRE)
of other existing modified ratio estimators
considered in this study.

6. Conclusion
The observation from the four natural population
dataset using as an empirical study for this work
can be used to conclude that the newly proposed
modified ratio estimators with auxiliary variable
using regression approach exhibited highly
relative efficiency over existing relative ratio
estimators with auxiliary variable using
information_on_sample size. In conclusion, the

newly improved modified ratio estimators are
new version of Suleiman and Adewara (2021)
improved modified ratio estimation of population
mean using information on size of sample size.
Base on empirical finding, the newly improved
modified estimators are recommended for
estimating finite population mean of any variable
of interest.

References

Cochran WG (1940). The estimation of the yields
of the cereal experiments by sampling for
the ratio of grain to total produce. J. Agric.
Sci. 30: 262-275.

Cochran WG (1977) Sampling Techniques.John
Wiley and Sons, New York. Jerajuddin M
and Kishun J (2016) Modified ratio
estimators for population mean using size
of the sample selected from population.
IJSRSET 2(2): 10-16.

Mukhopadhyay P (2009) Theory and methods of
survey sampling. PHI Learning, 2nd
edition, New. Delhi

Murthy MN (1967) Sampling Theory and
Methods. Statistical Publishing Society,
Calcutta.

Singh HP and Tailor R (2003) Use of known
correlation coefficient in estimating the
finite population means. Stat. Transit. 6(4):
555-560.

Singh HP, Tailor R and Kakran . M S (2004)
Estimation of finite population mean with
known co- efficient of variation of an
auxiliary variable. Statistica. anno LXV. 3:
301- 313.

Sisodia BVS and Dwivedi VK (1981) A Modified
ratio estimator using coefficient of
variation of auxiliary variable. J. Indian.
Soc. Agri. Stat. 33(1): 13-18.

Subramani J and Kumarapandiyan G (2013a)
Estimation of population mean using
deciles of an auxiliary variable. Statistics
in Transition-New Series 14(1): 75-88.

Suleiman and Adewara (2021) improved
modified ratio estimation of population
mean using information on size of sample
size. Tanzania Journal of Science 47(5):
1753-1765, 2021 ISSN 0856-1761, e-
ISSN 2507-7961

Upadhyaya LN and Singh HP (1999) Use of
transformed  auxiliary  variable in
estimating the finite population  means.
Biom. J. 41(5): 627-636.

Yadav SK and Pandey H (2011) Improved
exponential estimators of population
mean using ualitative auxiliary

32 https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjsat

TERTIARY EDUCATION TRUST FUND


https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjees/libraryFiles/downloadPublic/1

THE FEDERAL
POLYTECHNIC,
ADO-EKITI,
EKITI STATE

FEDPOLAD JOURNAL OF SCIENCE AND AGRICULTURAL TECHNOLOGY ISSN:
(FEDPOLADJSAT): Vol. 3. Issue 1. OCTOBER. 2023 2782-8484

information under two phase sampling.
Investig. Math. Sci. 1: 85-94.

Yadav SK and Adewara AA (2013) On improved
estimation of population mean using
gualitative auxiliary information. Math.
Theor. Model. 3(11): 42-50.

Yadav SK, Mishra SS and Shukla AK (2014)
Improved ratio estimators for population
mean based on median using linear
combination of population mean and
median of an auxiliary variable. Am. J.
Oper. Res. 4(2): 21-27.

Yadav SK, Mishra, SS and Shukla, AK (2015)
Estimation approach to ratio of two
inventory population means in stratified
random sampling. Am. J. Oper. Res. 5(4):
96-101.

Yadav SK, Mishra SS, and Shukla AK, Kumar S
and Singh RS (2016a) Use of non-
conventional measures of dispersion for
improved estimation of population mean.
Am. J. Oper. Res. 6(3): 69 75.

Yadav SK, Gupta SAT, Mishra SS and Shukla AK
(2016b) Modified ratio and product
estimators for estimating population mean
in two-phase sampling. Am. J. Oper. Res.
6(3): 61-68.

Yadav SK, Subramani J, Mishra SS and Shukla
AK (2016c). Improved ratio-cum- product
estimators of population mean using
known population parameters of auxiliary
variables. Am. J. Oper. Res. 6(2): 48-54.

Yadav SK, Misra S, Mishra SS, and Chutiman N
(2016d). Improved ratio estimators of
population mean in adaptive cluster
sampling. J. Stat. Appl. Prob. Lett. 3: 1-6.

33 https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjsat

TERTIARY EDUCATION TRUST FUND



https://seemjournals.fedpolyado.edu.ng/index.php/fedpoladjees/libraryFiles/downloadPublic/1

