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Abstract

Enhancing the efficiency of estimators is one of the major concerns in sampling survey. Efficiency of
estimators measures the precision of the estimator with respect to the corresponding parameters. In this
paper, four methods of estimating the population coefficient of variation of the study variable using
auxiliary information were suggested by modifying some existing estimators using unknown weight
and power transformation techniques. The properties (Biases and MSEs) of the proposed estimators
were derived up to first order of approximation using Taylor series approach. Numerical analysis of
MSEs and PREs of the proposed and other related existing estimators considered in the study was
conducted to justify the efficiencies of the proposed estimators and the results obtained revealed that the
proposed estimators have minimum MSEs and higher PREs compared to competing estimators
implying that the proposed estimators are more efficient than the existing estimators considered in the
study.

Keywords: Auxiliary information, Efficiency, Coefficient of Variation, Mean Square Error,
Percentage Relative Efficiency.

INTRODUCTION

Survey sampling deals with parameters estimation, sample size determination, data gathering
for estimation (Singh, 2003). The use of auxiliary information is well known to improve the
precision of the estimate of the population mean and other parameters of the study variable
in survey sampling (Cochran, 1940). Coefficient of variation is a unit free tool used for making
comparisons between two quantities with different units. For example, comparison of height
and weight of individuals.

Many researchers like Ahmed et al. (2016), Audu and Adewara (2017), Audu et al. (2021a),
Audu and Singh (2021), Muili et al. (2020), Sahai and Ray (1980), Srivastava and Jhajj (1981),
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Singh and Tailor (2005), Sisodia and Dwivedi (1981), Khoshnevisan et al. (2007), Singh and
Solanki (2012), Adejumobi and Yunusa (2022) have worked extensively in the development
of estimators using auxiliary information. The coefficient of variation is expressed in
percentages to indicate the extent of variability percent in the data, the tool is used in the field
of Economics, Sociology, Psychology, Business Studies, Education Biology, Physics,
Chemistry Geography Computer science, Mathematics etc. The estimation of population
coefficient of variation in the presence of auxiliary information can be found in the works of
Rajyaguru and Gupta (2002), Archana and Rao (2014), Adichwal et al. (2016), Singh et al.
(2018), Audu et al. (2021b), Yunusa et al. (2021), Singh and Kumari (2022), Yunusa et al. (2022).
Having study the efficiency of the existing related estimator mentioned above, it is observed
that their efficiency gained (PRE) is not significant and further transformation of the
estimators can lead to additional efficiency gain of the estimators. Therefore, this study
proposed modified improved estimators for the estimation of population coefficient of
variation of the study variable in the presence of auxiliary information that will provide a
more precise and efficiency estimate of the true parameter.

Consider a finite population M =(M;,M,,.....,M )of size N consisting of distinct and
identifiable units. Let Y and X denotes the study and auxiliary variables and let Y; and X,be

their values corresponding to i unit in the populatlon( =12,....,N ) For the population

observations, means, mean squares and covariance for the study and auxiliary variables, we
define as

VoD, K=t 3, si= S (0-T) s =3 (X, - X) and
N 4 N Xi N -1 N_1&\"

i=: i=1

L . Y X - - S S rs
YX:N—l.:l Y)( X) l//=n1—Nl,Cy:YTy,C= X A = fad

1 N
“no 2 Y) (= x)
For the sample observations, means, mean squares and covariance for the study and auxiliary
variables, we define as

/—\

Existing estimators in the literature
The usual unbiased estimator to estimate the population coefficient of variation is given by:

A Sy
1:O = Cy = ? (1)
The mean square error (MSE) expression of the estimator t, is given by:
MSE (t,) =wC; (C} +1/4( 4, —1)-C, 4, ) )

Archana and Rao (2014) proposed ratio-type estimator for the population coefficient of
variation, is given by

L = Cy [éj ©)
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The mean square error indication of the estimator t,; is given by:

MSE (t,, ) = C; (CZ +1/4( A4 —1)~C Ay —C, Ay, +1/ 4( Ay, —1)) (4)

Singh et al. (2018) proposed ratio-type, exponential ratio-type and difference-type estimators
for coefficient of variation of the study variable Y using mean of the auxiliary variable and
are given below with their MSEs as

+
t,=C,+d,(X -X) (7)
MSE (t,) =y C? {cj +}“4°T_1+ a’C? —C, Ay +2ap,C,C, —acxzﬂ} (8)
Q-1 pBC?

MSE (tz) = l//C; |:C5 + 404 +ﬁT _Cyﬂ30 + ﬂpyxcycx _gcxﬂzlj| (9)
MSE (t,)=w|C2| CZ-C 2oL gexec 4o X p,C.C —d XC.C (10)
3 y y y“ 30 4 1 X 1 yxX 7y X 1 x>y 21
where, g = 22= 2058y p_Fa=205Cy G200

’ 2c, c, 2XC,

Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM,
HM) based on t; and t; estimators for estimating coefficient of variation of the study variable

Y and are given below with their MSEs as:

w Gl (XY
t, = > [1+(7j ] (11)

. A-—1 asz o
MSE (t; ) =y C2| C? o2 —cyzgompyxcycx—acxzﬁ} (14)
—25.C
where,az%, r = AM.GM & HM

X
Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM,
HM) based on t; and t, estimators for estimating coefficient of variation of the study variable

Y and are given below with their MSEs as:
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w_ S X —X
-

(15)
oM A B X=X
t. _CyeXp{Z(i+ij} (16)
HM A { { (K—Xj}}l
t;" =2C | 1+expy | =—— (17)
X +X
r 2 2 140_1 ZCf
MSE (t; ) =y C? {cy +E ﬂl—s ~C, Ay +§ £,C,C, —écxﬂm} (18)

2(/121 - 2pyxcy)
C

X

Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM,
HM) based on t; and t, estimators for estimating coefficient of variation of the study variable
Y and are given below with their MSEs as:

where, =

w _C|(XY XX
S (552
—\2a/2 -
M =C, Hé] +exp{ﬂ(§_i)}] (20)
X X +X
t™ = 2C, Ki ' +exp{—ﬁ( :_TJ} (21)
X +X
C; Fo = +3(a+£j Cf—CyﬂS0+[a+'BJpWCyC
MSE (t; ) = C} 4 4 2 (22)
——(a+§jcy/1u

where, f=2| ——— > —q
ﬂ ( CX J
Audu et al. (2021b) suggested the following two difference cum ratio type estimators of C,

utilizing the known X as:

C,(X x _ L (X
tal={7y(¥+7j+wl(x—x)+w2Cy}£;j

MSE(t,,)=C. (A+ W.B +WZC +2w,D — 2w, E —2W1W2F)

where,

(23)

(24)
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Ay —1 X
A= y/(cj +C2+2p,C,C, ~C, Ay —C Ay + (%4)} B=ys°C2, &= &
y
2 2 2 Cx/121
C =1+y(3C} +3C; +4p,,C,C, —2C, 4, —2C 4,), D=ys|C!+p,CC,- =

2 3C A —1
E:,,,[?’C;’Iﬂ 3p,C,C,— 22 2074 a o )J, F:w&(%—pWCVCX—Zij

yX =y TX 2 2

Adichwal et al. (2016) suggested the following estimator for estimating C, using the known
Sf as,
1-n)s;+nS, | 4 ns+(1-1)S;
G =4 ( 2 ) 2 Cy+(1_5l) ( 2 ) 2 (25)
7S, +(1_77)Sx (1_77)Sx +778x
Where 0, and 7 are the characterizing constants to be determined such that MSEs of the

estimators t, is least.

The minimum MSEs of the estimator t, for the optimum values of these constants is,

1 I: »—1)-2C /112]2(:4
K (%4 1) '

Singh et al. (2018) proposed ratio-type, exponential ratio-type and difference-type estimators
for coefficient of variation of the study variable Y using mean of the auxiliary variable and
are given below with their MSEs as

MSE (t,) = MSE (t, ) (26)

L =C, [3—] @)
SX
3 Sy =Sy
tg_Cyexp{ﬂ[szJrSf]} (28)
ty =C,+d, (S} -s}) (29)
MSE (t,) =y C? {Cj 0 h 02 (1)~ ar( 1) 20, ,112} 0)
MSE (t,) =wC; {cj + ’1404 1, P (’1404 1) —C, Ay — C, A +§(,122 —1)} (31)

W Cj—( yﬂeo j"'dzsx (ﬂo 1)+2C§d255/112

—dZCySX (2,22 —1)
ﬂzz -1- chﬂ?l /122 -1- 2Cyﬂ?l Cy (ﬂzz _1) - chﬂlz
where, a = ) = ) dz = 2
(2'04 _1) 28x (2'04 _1)

MSE (t,) = (32)

2 (/104 _1)
Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM,
HM) based on t, and t, estimators for estimating coefficient of variation of the study variable

Y and are given below with their MSEs as:
c, 2\*
by = [1+ L‘:’ ] ] (33)
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SZ %
& -6 [%] o4
. 52
HM X
" =2C, 1+£S—2j (35)
r 2 2 140_1 az(ﬂm_l) o
MSE(tn):z//Cy Cl+ — . —Cyﬂgo+aCyﬂlz—E(222—l) (36)
-1-2C
where,a:ﬂﬂﬂo lyﬂﬂ, r=AM,GM & HM
o

Rajyaguru and Gupta (2002) proposed arithmetic, geometric and harmonic mean estimators
(AM, GM, HM) based on t, and t, estimators for estimating coefficient of variation of the

study variable Y and are given below with their MSEs as:

AM _g sz _5x2
6 == {“ex‘){ﬂ(sfﬂg]ﬂ ©7)

MSE(t{Z) =y C? {cz + ’1404_1+ f (A1) ~C, +§cyz12 —g(/gz -1) (40)

y y 16
2(A,,-1)-4C
where, = (ﬂzz(ﬂo) 0 yﬂ?l, r=AM,GM & HM
L

Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM,
HM) based on t; and t, estimators for estimating coefficient of variation of the study variable

Y and are given below with their MSEs as:

C,|(s2Y 2 g2
2 K‘] *ex"{ﬂ E= j}] “

t,lAM =_y
3
a/2
2 Sy S, -s,
w63 wia( ) (42)
=]
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where, [ = 2((%2 _1)_2Cy/112 —a]

(’140 _1)
Audu et al. (2021b) suggested the following two difference cum ratio type estimators of C,
utilizing the known S’ as:
C, (s, s e\ wi |5
taf[?y(¥+s—f}+w3(sx -7 )+w,C, o (45)
MSE (t,,) =C} (A+W;B, +W;C, +2w,D, - 2w,E, — 2w,w,F, ) (46)
where,
2 (/140 _1) 22 sz
A =y (Ao -1)+C; +2C 4, -C 4, — (4, —1)+T , B =wdoC,, o =

y

C, =1+ (3( Ay ~1)+3C2 +4C A, —2( A, ~1)~2C Ay ), D, = W{(ﬂm _1)4C 4, - (A —1)J

2
_ _ 3C _
E, =v/(—3(%§ 1)—3Cy212 ——5(2"2 l)—2C§+ oo +(’14°8 1)j

R =y5 (@_Cyﬂﬂ - 2(%4 _1)]

Yunusa et al. (2021) proposed log ratio type ratio estimator of C, utilizing the known S? as:

e Ln(s:) 47
t,=C, W (47)

The MSE of the estimator t;, up to the first order of approximation is,

2|~z A1 A =1 {(122 _1)_ 2Cy/112}
MSE (t,)=wC,|C, + + = > -C, 4 48
(te) =y ¢ Tin(s) (5] % (48)

Singh and Kumari (2022) proposed four estimators for coefficient of variation based on
information on a single auxiliary variable.

o ) A B .
tm:[_V(éJr%}kl(x_x)+kzcyH2—[%jeXp(;+§j} (49)

2
Ko X - X X—X _ . X X—X
t ,=|—L| exp| = +ex — | |+k, (X =X)+k,C, |[12—| = |ex — |+ (50
o 3 onl 55 ool ) moke, o (F o 55 o
(s, s |,
tys = 7y S—2+?j+k5(sf—sf)+k6cy (2—?j (51)
Cf [Si-s 55 |,
t,, = ?y exp[82+szj+exp[82+82] +k7(Sf—Sf)+kSCy}(2—?J (52)
MSE (t,, ) =C (A +k/B, +k;C, +2k,D, — 2k,E, — 2k k,F, ) (53)
MSE (t,,)=C (A, +kIB, +k;C, +2k;D, — 2k,E, — 2k k,F, ) (54)
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MSE (t, ) = C2 (A, +kZB, +kZC, + 2k, D, — 2k, E, — 2ksksF, (55)
MSE (t,,)=C (A, +k7B, +k;C, + 2k, D, — 2k,E, — 2k, k,F, ) (56)
where,
oC? (/1 1) 3C A, 3C; CA,
Cz 40 -C DM . B = 2C2 D +C =2
A.I. l//[ y+ 4 4 /130 2 1 lr//g !//g 2 yX 2
, _
14y 302+ 3 ~3C, L, | =1,F1=wg[—cxﬁzl—cyx—305j
2 C, 2
9C 4, 9C, 19C2 3C, Ay (A -1) X
E = ol WX _pCP 4 LR W B =yg’Cl, g=—
1 l//( 4 2 8 y 2 4 2 l//g X g Cy
9Cc? (,1 1) _3C4 3C; C A,
Cz 40 C x721 , D +C —=x2

2
C, =1+V/[3cj +%+6ny ~2C, A, —3cxﬂﬂ], F, =g (%—cw —3ch

9C 3C Ay —1
E2=V/(M——VX—ZCX2—2C5+ o _ (A )j’Bfwgf(ﬂorl),

4 2 2 8

(4

A= W(Ci +(os —1)+L_1)—Cyﬂeo +2C A, — (% —1)],

C3 :1_“//[3(:5 +(}‘04 _1)+4Cyj12 - 2Cy/lao _w} D3 =y0, [(204 _1)+Cy112 - (ﬂzz _1)]

2
- - 3C - §
Eszw(s(@s 1)_3(,1Og 1)—3Cy/112—2cj+ yz/go_(/@w 1)} 6 =

F3 = ng ((/1222_1) —Cyﬂlz - 2(%4 _1)J
2 (/140 _1) 2
A=y | Cl+(dy —1)+-2L—C Ay +2C, A, — (A, -1) |, B, =y 07 (A1),
C, =1+v//£3C§ +(Jou 1) +4C 41, —2C Aoy —@] D, =y, [(ﬂm —1)+C, 4, ——(%22_1)]

- - 3C - 2
SULEERUE EISTTE SN R

(222 _1)
2

F, :l//gl( _Cyﬂn_z(ﬂm _l)]'

METHODOLOGY
Proposed Estimators

Having studied the estimators in the literature, four estimators for the coefficient of variation
based on information on a single auxiliary variable were proposed as in (57)-(60)
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KYJ(X)CHZ(YJD[);} &)

¢, S2—s? s? - S?
e =| 5 (exp(s2 X2j+exp[s§Jrsxzj}ru7(sf—sf)+u C }[ ——XQJ (60)
Es) o

Where a=1.3, real constant to minimize the mean square errors ( of the estimators.

Properties (Bias and MSE) of t,, k=1,2,3,4
Let the sampling relative errors be given by:
y-vY XX 5, —S, s =S,
E = = —2’ 82 = 2
S S,

y

|

Such that,

E(s)=E(s)=E(s,)=E(s)=0

E(sf)=wC:, E(&)=yC], E(&})=v(4-1), E(&)=v(4-1)
E(&¢&)=wC, =vp,C,C,, E(&s,)=vwC, Ay, E(s&;)=wC, A,
E(es,)=wC, E(e&)=wCly, E(&8)=w(4,-1)

The estimators t;,, k =1,2,3,4in terms of errors can be expressed and simplified respectively
as in (62), (63), (64) and (65)

(61)

'S, (1+5,)" g +)?(1+51)_
we| X £>Z(1+gl) . J[2X<l+gl)exp£x(1+gl)XDa (62)
™ o S, (1+2,)" X X (1+¢)+X

+U, (X =X (1+5))+ V(i z,)

[ oo X=X (L+a)

Sy£l+gz)l/ p[)?+)?(1+el)J

oY (1+ £, ) X(1+)-X X(1+g)  (X(+g)-X))
b = _+exp[>z( +gl)+)?j (2_ X ()?(1+51)+)?D ©3)

+e,)"
+u3(>?— X (1+ el))+u4 S\y(((11+;0))

Yusuf A. Y., Ahmed A., Yunusa M. A., DUJOPAS 10 (2b): 1-17, 2024 9



Modified Regression-Cum-Ratio Types Estimators of Population Coefficient of Variation in Survey Sampling

(st Si+e)
S, (1+e) " |\ Si(A+e) ST ,_Si(l+s;)
T2 (1+s) o S, (1+,)" s
+U5(SX _SX (1+ 83))+UGW
_ 0 -
| (s2-82(1+5,) SZ(1+5,)-S?
vz | EXP ST +exp S0 52 ,
_Sy(l+82) x+ x( +£3) x( +€3)+ X 5 Sx
04~ o7 (1. .\ -
2V (1+&,) S, (1+5,)"
+U, (S =87 (1+£,)) + U, \y7(1+52)
- 0 -
1+—2—go—491€l+g§+(t92+ jef 5
Oee, &6, & +UlC_(gl_elgf)
ty, =C, +918081——121 2 ——022 - 82 g
2 2 2 068 && &
+u, | 1+ —80—9181+80+0281+918081—T—T— 3
& 2 1) » |
1+——50—9151+50+(92+—ng _
2 , 8 +U3CL(81—6’1812)
bee, &¢&, &
t, =C, +Hl€081—%—%—§ y
& 2 2 068, & &
+U, 1+?—€0—9181+80 + 06, +015081—T—T— 3
& 2 1),
1+E—€0—9383+80+(94+5)83 g2
O.6,6, &, & +USC_X(83 9332)
y
t; =C, +935053——322 3 ——022 - 82
2 2 2 06,85 6085 &5
+Uq | 1+ —80—93€3+80+9483+936‘O€3—T—T— 3
&5 2 2
1+——80—936‘3+6‘0+(94+—]83 g2
X 2
O.c,6, &6, & +U7C_(83_0383)
y
ty, =C, || +0606; — 322 3 — 022_82
& 2 2 06065 o8 &,
+Ug 1+?—€0—6383+6‘0+9483+(938083—T—T— 3

Subtracting C, from both sides of (66), (67), (68) and (69) to obtain,
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(69)
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t01

Squaring and taking expectations on both sides of (70), (71), (72), (73

-C

_Cy

_Cy

=C

:Cy

=C,

(& 1
?2—30 O +&; +(92 +Ejgf

X
, +U1C—(81 —91312)
Oee, &8, €&
+O,6,6, — 222 _Z0%2 _Zo y
2 2 8
Oee, &6
+u2£l+ —80—(9181+8§+t92812+t91€06‘1—%2—%——

& 1
?2—80 O, +&; 4{92 +§]gf

bee, &, ¢
1%1%2 0~2 2 y
e, g
2 068, &5,
+Uu, |1+ O +¢&; + 0,8 +95081—T—T—
&
—= 983+80+(94+ j g2
+u5—x(53—03532)
Gie,8, &8, & y
3%2%3
+936‘083—T—T— 3
0s6,65 &35,
+Uq | 1+ 983+80+(983+98083—T—T—
&
2 —g - 053+50+(04+ j )
X 2
) +U, (53—9383)
E,6, £yE, &
3%2%3 0™2 2 y
+938083—T—T— 3
£ 0,6,  &,&
+u8(1+—2—50—93g3+g§+6’4g32+935053—ﬁ—¥—
2 2 2

suggested estimators were obtained as:

MSE (t, ):C2(Af+ufBl*+u22C1*—2u1Df+2u2Ef—2u1u2F1*)
MSE (t,,) = C; (A, +Uu3B; +U;C; —2u;D; +2u,E; — 2u,u,F, )
MSE (t,;) = C? (A, +UZB; +UZC; — 2u;D; + 2u, E; — 2u u,F; )
MSE (t,,) = C? ( A, +UZB; +U;C, —2u,D; + 2U,E; —2u,U,F; )
where,

01=3—;,92=L;125",93=a,94=a22_a,
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(71)

(72)

), t_he MSEs of the

74
75

(74)
(75)
(76)
(77)
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2
. Ao —1 . X
A :W{%_%Cxﬂgl—cygo+%05+3any+Cj}, B, :W[CL C?

8 2 8

S~ i}[_cxlﬂ —c, —3aCf}

. —27a% - 3C -1'
. ZCYZ_(lZa 27a’ 4ij 9aC Sac , Vo (Fa=1)

2
A=A, B =B ,C.=C, D;=D,F =F’

. —27a% - 3C Ao =1
oz _[12a=2Ta 1ch Jlag %, ;ﬂgu(ms )]

2
SZ
C_X} (’104 _1)

y

A=y cj+(/1404—1)+9;(/104—1)—cy130+93(/122—1)+2930y,112}, B;:,,{
C‘: :1+y/[3C5 +(932 + 293)(%4 _l)+ 493Cy212 — 20, (’122 _1)_ 2Cy130]

. (=1

g cni

I -1) 3C -
205—393();2 D f‘)+(9§+<93+%)(AO4—1)+3930A2+(1“°8 l)]

*

Jm
I
<

. Ist(a,-1
F3 =y ?:H:%_Cyﬂﬂ_zai(lm —1):|
L Y
A:=A;’ BZ:B;’CZ:C;’D::D;rF::F;a

2
Differentiating (74) partially with respect U, and u,, equate the results to zero and solve for
F D B, DF
u and u, = E1 1 1
-B,C, -B/C,
the results in (74), the minimum mean square error of t;; denoted by MSE (t,, )mm is obtained
as in (78)

. ~1) 3C _1
E 205—393(%2 )_ ;ﬂ?‘)+(¢9§+493+%j(104_1)+3930y412+(’1“°8 )},

I
<

U, and U, simultaneously, to obtain U, Substituting

v e o e
. CD?-BE, 2DEF} 78)

MSE (t,,) =C? + *

( Ol)mm Y|:A1 F12_Blcl

Differentiating (75) partially with respect U, and U,, equate the result to zero and solve for
E,F, -C,D, B,E, —D,F,

U; and U, simultaneously, to obtain U, = —=>—==% and U

- —— — . Substitutin
Fz ? - Bzcz - Fz ? Bzcz &
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the results in (75), the minimum mean square error of t,, denoted by MSE (t02 )min is obtained
as in (79)

*+c;D;2—B;E;2—2D;E;F;} 79)

MSE (tOZ )min - Cj {AZ |:2*2 _ B;C;
Differentiating (76) partially with respect U, and Ug, equate the result to zero and solve for
ER -C;D; BE, —DiFy

R -8 RT-BC
the results in (76), the minimum mean square error of t,, implied by MSE (t,, )min is as obtained
in (80)

and U, . Substituting

U; and Ug simultaneously, to obtain U, =

V2 RE2 ek
MSE(t,), ~F A+ S BE IDER
3 ~ P3%s

Differentiating (77) partially with respect U, and Uy, equate the result to zero and solve for
E,F, -C,D, _B.E,-D,F,
F,?-B,C, - F?-BC,
the results in (77), the minimum mean square error of t,, denoted by MSE (t04 )min is obtained

as in (81)

(80)

and U, . Substituting

U, and Ug simultaneously, to obtain U, =

. C,D?-BJE} —2D:EZF4*} 1)

MSE (1 )., =C; {A“ * F,>-B,C,
4 g

RESULTS AND DISCUSSION
In this section, numerical analysis to justify the performance of suggested estimators

t K =1,2,3,4 with respect to some existing estimators using two (2) datasets was conducted

Dataset 1: Murthy [20]
X: Area under wheat in 1963 Y: Area under wheat in 1964

N =34, n=15, X =208.88, Y =199.44, C, =0.72, C, =0.75, p =0.98, 1,, =1.0045,
A, =0.9406, 4,, =3.6161, 4, = 2.8266, A, =1.1128, A,, =0.9206, 1,, =3.0133

Dataset 2: Singh [21]
X: Number of fish caught in year 1993 Y: Number of fish caught in year 1995

N =69, n=40, X =4591.07, Y =4514.89, C, =1.38, C, =1.38, p=0.96, 4,, =2.19,
A, =2.30, A,y =7.66, A, =9.84, A, =1.11, A,, =2.52, A,, =8.19
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Table 1: MSEs and PREs of the proposed and existing estimators considered in the study

Estimators Dataset 1 Dataset 2

MSE PRE MSE PRE
Auxiliary Information: )?, X
t, 0.008003575 100 0.03808821 100
tn 0.027115658 29.47 0.7645918 49.82
t, 0.006868341 116.53 0.03731461 102.07
t, 0.006868341 116.53 0.03731461 102.07
t, 0.006868341 116.53 0.03731461 102.07
t ; 0.006868341 116.53 0.03731461 102.07
t 5r 0.006868341 116.53 0.03731461 102.07
t g 0.006868341 116.53 0.03731461 102.07
t, 0.006737495 118.79 0.03404568 111.87
tpl 0.006033 132.66 0.036522 104.29
tpz 0.005659 14143 0.035795 106.41

Proposed estimators (tOk’ k= 1 2) a=1.3

t 0.004322121 185.18 0.032886721 115.82
01

t 0.003662027 218.56 0.03122314 121.99
02

. . SZ 2
Auxiliary Information: Oy, Sy

t 0.00696301 114.94 0.037568 101.38
7
t 0.006962763 114.95 0.037568156 101.38
8
t 0.006962763 114.95 0.037568156 101.38
9
t 0.006962763 114.95 0.037568156 101.38
10
r 0.006962763 114.95 0.037568156 101.38
t
11
t r 0.006962763 114.95 0.037568156 101.38
12
r 0.006962763 114.95 0.037568156 101.38
t
13
t 0.00712551 112.32 0.0375686 101.38
14
t 0.006013652 133.09 0.02810758 135.51
a2
t 0.006417 124.72 0.036308 104.90
p3
t 0.004996 160.19 0.029721 128.15
p4

Proposed estimators (tOk’ k= 3, 4) a=1,3
t 0.003773914 212.08 0.02276788 167.29
03

t 0.0006149313 1301.54 0.004143642 919.20
04
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The computational formula for Percentage Relative Efficiency (PRE) is given by:
MSE(t
PRE(T)= —(O)XIOO
MSE(T)

where T is any estimator and {, is sample coefficient of variation

Table 1 indicate the mean square errors and percentage relative efficiencies of the suggested
and other existing related estimators considered in the study using two datasets. Results
obtained from the table revealed that proposed estimators under the use of auxiliary
information, has minimum MSEs and higher PREs compared to other competing existing

estimators, it could also be seen that the estimator 1y, is highly efficient than other proposed

estimators. This shows that the suggested estimators are more efficient than their counterparts
and have higher chances to produce estimates closer to the true values of means for any
population of interest.

CONCLUSION

In this study, four improved estimators for estimating the population coefficient of variation
of the study variable Y using the information of auxiliary variables were suggested. The
variants of the proposed estimators were derived up to first order of approximation using
Taylor series techniques. From the empirical study, the results show that the proposed
estimator are better than the existing estimators considered in this study. Hence we

recommend that the proposed estimators should be used in practice.
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