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Abstract

estimators considered in the study.

In this research, estimators are suggested toimprove modified
classes of regression type estimators of finite population mean.
The essence of proposing the estimators is as a result of the
assumption that there may be weak relationship between study
variable and auxiliary attribute. Properties (Biases and MSEs)
of the proposed estimators are procured using Taylor series
method. The efficiency conditions under which the proposed
estimators are better than other related ones are established.
Empirical findings are incentive and the results shown that the
proposed estimators are more proficient compare to the existing
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Introduction

In sampling theory, auxiliary informationis used to
increase the precision of estimate of an estimator
whenthere is correlation between response
variable and auxiliary variable. Authors have
suggested different estimators note varying
renowned parameters of an auxiliary information.
In probability sampling, it is well confirmed that
auxiliary variable may be qualitative form, such
variable is term auxiliary attribute. Many authors in
literature have suggested estimators using auxiliary
variable, they include Cochran' who developed the

ratio estimator to investigate problem of estimation
of the population mean when auxiliary variable
is present. Other researchers that developed
estimators using auxiliary information include.
Audu et al.,' Tailor et al.," Singh,%” Kadilarand Cingi,?
Khoshnevisan et al.,* Perri,® Yunusa et al.,"? Singh
and Kumar.®

When the auxiliary information are qualitative
in nature, that is, auxiliary information in the form
of attribute, such as colour of hair of individuals and
their weight can be regarded as auxiliary attribute
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and study variable, sex and height of women in
a locality may be regarded as auxiliary attribute
and study variable etc. Several authors have
developed estimators in this direction likeSingh
et al.,*'° Zaman' and Zaman and Kadilar.™

Currently in this research, we have intended efficient
regression type estimators of finite population mean,
that gives precise estimate for the size of finite
population mean in the presence of auxiliary attribute
when the bi-serial correlation between study variable
and auxiliary attribute is weak.

Materials and Methods

Sample mean P of simple random sampling
is given as

I (1)
] = — 7.
Y 7 2 Vi

Bias(y,)=0 ~(2)
Var(y,)=rY’C, @)
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Zaman and Kadilar' class of exponential ratio type
estimators in the presence of auxiliary attributeas.
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Bias and mean square error of the estimator f:k
are given by
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Zaman,"™ an improved class of estimator for the
estimation of population mean as
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The MSE of the estimator is
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Audu et al." modified class of estimators for the
population mean of the study variable in the
presence of auxiliary attributeas
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bias and mean square error of the estimator t; and
t,are given by
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Suggested Estimators

By exploiting the idea of Audu et al." and other
estimators in literature, finite population mean based
on the presence of auxiliary attribute for estimation
of population mean of study variable are proposed

(/cP+z)—(i¢+z)]
(kP +1)+(kp+1)
..(16)
[ Fu(P-p)evF |(kP+1) [ (k" +1)—(kP+1)
. (kp" +1) p[(iqf+z)+(kp+l)]

T, = ':J7h +a, (pr)erj] exp[

.(17)

=

Where y, ==—| exp Q +exp E .
P+p P+p

a, b, u, and v, are invariable to be determined,
i=1,2,...,10. The suggested estimators will be defined
ifand only if @, #0, 5, #0, u; #0v;, # 0, and
¥, # 0_The estimator was obtained by incorporating
unknowns into the estimators and taken the sample
mean in the estimators of Audu et al." as the average
of the exponential ratio and product type estimators.

[\

Table 1: Members of the proposed estimators T.

Values of k and |

Estimators K !

1 T, =[5, +a(P- p)+bj]exp£%} 1 0

2 T, =[5 +a,(P- p)+bJ]exp[$§ﬂMJ 1 By
3 7, :[?;,+%(P*P)+b3ﬂeXp[Pf; lpch . c,
A L,=[+a, (P*p)+bj]@ip{ﬁ} 1 o

T, = 3,+a(P-p) +bjﬁ]ﬁ=ip[ Au(P=P) ] 8,

5 B, (Pp)+2C, L) Cﬁ
. Zaz[ﬁ,ﬁaﬁ(ﬂp)wﬁ?]cm{w%%] c, by
7 T, =[3,+a(P-p) +@ﬂm[$}f2’pﬁ s Prg
8 T, =| 3, +a(P-p) +bgﬂexp(%_ P &
9 T,=[%+a(P-p) +@y]m[m1 B, y
10 T (Pip)%@]mp[% {;’7(;))7‘?@{” Py By




ADEJUMORBI et al., Orient. J. Phys. Sciences, Vol. 7 (1) 41-47 (2022) 44

To obtain the biases and MSEs of T, and T, the

. ) y-¥
following error terms are defined as ¢, =yT and

such that and 31:¥ such that y =Y (1+¢,)
and p:P(l+el)

E(e,)=0.h=0.1.E(¢})=AC2, }

E(&)=AC"E(eq)=p,0,C, ..(18)

Expressing (16) and (17) in terms of error terms,
we have

2
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Where, § =kP/(kP+1),i=12,...,10.

Taking expectation of (21) and (22) and apply the
results of (18) to obtain the biases of the T and T as

(e +1)C; ap,00, | POCE
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Squaring and taking expectation of (21) and (22)
and apply the results of (18) to obtain the MSE
of proposed estimators as T and T  as

MSE(I,)=T"(4 +aB,+b}C~2aD,+2bE ~2abF,) ..(25)
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Differentiating (25) with respect to a  and b, equate
to zero and solve for a and b, simultaneously,
we obtain q, :7]5{?70*2 and . b, :73“2" —D/F,

Ff 7Bici Fz 7Bici
Substituting the results in (25), we obtained the
minimum MSE of T as

= CD*+BE'-2DEF
MSE(T,),, =Y2{4- +[FBC

] (27)

Differentiating (26) with respect to u, and v, equate
to zero and solve for u, and v, simultaneously,
*Cule BLfElf 7D11Flf

E_F,
we obtain #,=—1—1 gnd v, =

th Blfclf i Fuz 7Blfclf .

Substituting the results in (26), we obtained the
minimum MSE of T  as

= C,D.+B,E.-2D E,F,
ME(Tqi)m;n:YZ(Aif_'—[ 11 qu LrB - L Lrj} (28)
i P

Efficiency Comparisons
The suggested estimators T and T are more

efficient than y,, ¥, ¥, Vi V.. t, and t, if the

following condition are satisfied

ME(TH)m <ng-(ym) and if MSE(TW)m <Var(y,)

A?JrC,DerBZEz 2DEF, _ c? ...(29)
F -BC, !



ADEJUMORBI et al., Orient. J. Phys. Sciences, Vol. 7 (1) 41-47 (2022)

C,Dj + Ble; — ZleEliEf

R <yC:
1i FLZ 731101,' 7/ Y (30)
MSE(T,),, <MSE(¥,) and MSE(L,)  <MSE(5,) if
CD+BE 2DEF, (.. C;
A F*-BC, <;{Cy PGS ..(31)
C11D121+B11E12172D11E11F11 vl C? 257 cC
YT R, 0TS (32)
MSE(T,), <MSE(7:), and MSE(T,), <MSE(7.).. i
CD}+BE -2DEF, , C
WD +BE -2DEF | > G o
SR o T R (33)
C,D}+B.E:-2D.E,F,
A + i) 1™ LT L CZ 17 2
T e, s (34)
MSE(T,,),, <MSE(7.) and MSE(T,) <MSE(7,,) if
CD!+BE!-2DEF, 2 e
R E A y(cr+ec;-26p,0,C,) (35)
2 2
A1(+C:1D1+B7IIEU 2D11E1vF[1 <7'(C)?+QZC;*251P)1¢CVC¢)
FL _leclv (36)

MSE(T,) 5y < MSE(¥. ) and MSE(T, )., < MSE(3,).0. if

C.D? + BE'—2D,E/F,

4+ <ij(1—pj¢)

F?-BC, ..(37)
2 2
A+ C.Dy +B§1E1i 2D,EF, < 7,CVZ (1_)93;.)
Er' 7B12C1f ’ ) ---(38)

,,,,, <MSE(t,) and MSE(Tq,)m <MSE(lp,) if

45
CD +BE -2DEF, 2, A2
A T y(Cr+aiCi-28,0,C,) (39)
C.D*+B.E:-2D.EF , R
Ay 4R S (024 NG - 20,0, |
Fll 7BIIC11 ’ T ’ (40)
b,P
Where, A=w, +——.
Y
MSE(T,),, < MSE(1,,) and MSE(I:zf)m < MSE(1,,) if
4+ OD +BE - ODEF, _ v[Cz i 2Pp bC.C, )
3 7| G+ =
F2-BC, Y ro) ..(41)
C11D121+311E1372D1,E11Ez 2 b;PZC; ZPp V&%Cvc@
. foi g ali Bl et ]
MR, OTTE T -(42)

Empirical Study

In this section, the suggested estimators T, and
T, performance are assessed with that of the
sample mean y,, Audu et al." estimators, tpi and
t, numerically considering two natural populations
used as.

Population 1: Zaman'

¢*L
P = 0,

N=89,n=20,F =33596,P= 0'1236’ﬁ2(¢) =3492,C, =0.6008,C; =2.6779,p,, =0.766 .

if acircleconsists of morethan fivevillages

otherwise

Population 2: Zaman'
— 1’
$= 0

N=11Ln=30,7 = 29.279,P:0.117,,62(t) =3.898,C, =0.872,C, =2.758, p,, = 0.797,

if thenumbe of teachersis morethan sixty

otherwise

Table 3: MSEs and PREs of suggested estimators and existing ones using population 1

Estimators MSE PRE Estimators MSE PRE
Sample mean estimator Y 0.1579298 100.00
Audu et al." Estimators
t 0.0661802 238.636 t, 0.06679036 236.456
ts 0.08040544 196.4168 t, 0.08037597 196.4888
ts 0.07114321 221.9886 te 0.1366728 115.5532
t, 0.0661782 238.6432 ts 0.167143 94.48783
t 0.06581011 239.978 t 0.06526354 241.9878
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Suggested Estimators
T, 0.001670981  9451.3223 Ty 0.044078 358.2962
T, 0.0467923 337.5124 Te 0.04682617  337.2682
T, 0.04676769 337.6900 T 0.0468241 337.2832
T, 0.04621405 341.7355 T 0.04677797  337.6158
T, 0.04621526 341.7265 T 0.04677807  337.6150
T 0.04659158 338.9664 T 0.04680936  337.3894
T, 0.04383939 360.2463 Ty 0.04658672  339.0018
T, 0.0467924 337.5116 Tes 0.04682618  337.2682
T, 0.04245525 371.6411 Teo 0.04648274  339.7601
T 0.04680724 337.4046 Te0 0.04682742  337.2592
Table 4: MSEs and PREs of suggested estimators and existing ones using population 2
Estimators MSE PRE Estimators MSE PRE
Sample mean estimator Vo 15.85573 100.00
Audu et al.' Estimators
t, 5.817701 272.5429 t, 5.849699 271.0521
ts 6.4338 246.4443 t, 6.582441 240.8792
ts 6.015808 263.5678 te 9.077466 174.6713
t; 5.826441 272.1341 ts 11.03681 143.6623
to 5.805672 273.1076 t 5.784028 274.1296
Suggested Estimators
T, 3.39183 467.4683 Ty 4.854043 326.6500
T, 5.023029 315.6607 Te 5.023891 315.6066
T, 5.022078 315.7205 T 5.023761 315.6147
T, 5.004624 316.8216 T 5.021381 315.7643
T, 5.000151 317.1050 Tes 5.020775 315.8024
T, 5.017135 316.0316 T 5.023085 315.6572
T, 4.9231 322.0645 Ty 5.010563 316.4461
T, 5.022769 315.6771 Te 5.023856 315.6088
T, 4.86016 326.2388 Teo 5.002496 316.9564
T 5.023386 315.6383 T 5.02394 315.6035

=)

a
)

Results and Discussion

Table 3 and 4 show the Mean Square Errors and
Percentage Relative Efficiencies of the sample
mean, ¥,, Audu et al,'t; and T , and suggested
estimators, T, and T estimators, considering two
data sets respectively. The results revealed that
the suggested estimators T, and Tqi have minimum
MSEs and higher PREs as compared to the sample
mean, Audu et al.' estimators.

An improved classes of regression type estimators
of finite population mean are suggested. Table
3 shows MSEs and PREs of the suggested and
some existing estimators using dataset 1. The
result shows that the suggested estimators have
minimum MSEs and higher PREs compared to the
conventional estimators and Audu et al." estimators.
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Table 4 shows MSEs and PREs of the suggested
and some existing estimators using dataset 2. The
result shows that the suggested estimators have
minimum MSEs and higher PREs compared to the
conventional estimators and Audu et al." estimators.

Conclusion

In this research, we proposed an improved
modified regression estimators for the estimation
of population mean in the presence of auxiliary
attribute. The results of the empirical study revealed
that the proposed estimators are more efficient than
sample mean and Audu et al." estimators. This

implies that the proposed estimators have great
chance of producing precise estimate.
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