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Abstract

In this article, we propose two new classes of estimator using transformed auxiliary variables for the
estimation of systematic sample mean in absence and presence of non-response. The mathematical
expressions of biases and mean square errors are determined. A numerical illustration is also performed to
illustrate the performance of the proposed estimators. Based on the numerical study, the proposed estimator
performs better than the usual sample estimator, regression estimator, Singh and Solanki [8], Singh et al. [9],
Swain [11] and Koyuncu [3] estimators in systematic sampling.

Keywords: Systematic random sampling, Supplementary information, Bias, Relative efficiency.

Oz
Cevapsizlik olmast ve olmamast durumlarinda sistematik 6rneklemede ortalama tahmini

Bu ¢alismada cevapsizlik varliginda ve yoklugunda sistematik orneklem ortalamasinin tahmini igin déniisiim
yapilmis yardimci degiskenler kullanilarak iki yeni tahmin edici simifi énerildi. Yan ve hata karaler
ortalamalarinin matematiksel formiilleri bulundu. Ayrica onerilen tahmin edicilerin performansini gostermek
i¢in sayisal bir ornek yapumistir.Sayisal ¢alisma sonucunda, onerilen tahmin ediciler sistematik érneklemede
genel orneklem ortalamasindan, regresyon tahmin edicisinden, Singh and Solanki [8], Singh et al. [9], Swain
[11] ve Koyuncu [3] tahmin edicilerinden daha iyi sonug vermistir.

Anahtar s6zcukler: Sistematik rasgele ornekleme; Yardimci bilgi, Yan, Goreli etkinlik

1. Introduction

Supplementary information is used at many stages to enhance the effectiveness of an estimator of
population mean Y. The regression, product and ratio estimators are broadly used in numerous
circumstances of survey sampling, when supplementary information is utilized at the estimation
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stage. Mohanty and Sahoo [4] used transformed supplementary variable for the estimation of
population mean Y. Their transformed supplementary variables are as given below

u = x+Xmm (l)
Xmax+tXmin

7 = x+Xmax (2)
XmintXmax

Systematic random sampling is a strategy of selecting sample from a bigger population through
initial random start. Typically, each nth element is chosen from the whole population for
inclusion in the required sample. Nowadays, systematic random sampling is becoming more
famous than simple random sampling due to its simplicity, see Cochran [1], Singh and Solanki
[8], Singh et al. [9] and Verma [12] have developed some enhanced estimators for the estimation
of population mean Y utilizing auxiliary information under systematic random sampling scheme.
Riaz et al. [6] have defined classes of estimator in circular systematic sampling.

In this study, taking inspiration from Mohanty and Sahoo [4], and Koyuncu [3], two new
families of estimators are constructed for the estimation of population mean Y, utilizing the
supplementary information under systematic random sampling scheme. We also discuss
suggested families of estimators when non-response present in the variate of interest Y only.

2. Preliminaries and existing estimators

Let Y be the variate of interest and X be the auxiliary variate defined on a finite population ¢
containing 1 to N units. Unless specified else, we consider N = nk, where n and k are positive
integers. In this manner, there will be k groups (samples) each of size n. Let M be the random
variable having range {1,2,3,...,k}. The systematic random sample is then selected by the
following random sequence as

{‘fM! §M+kl ey €M+(ﬂ.—l)k}'

Let (y;j,x;;) for (i=12,..,k) and (j =1,2,..,n), denote j" unit in the i™ sample. The

. . . _ i vij _ T Xij
corresponding linear systematic sample means of Y and X are yss = % and x,, = 2=

Let us define following error terms:

n

_yss_y ‘ESS_X ﬁ,5:,5:_U Z_SS_Z
&g — 1—]

Tsstimin = _ FsstXmax
rEss T

where ity = and U and Z denote the population means of u and z

XmintXmax XmaxtXmin

respectively. The expectations of error terms can be written as:

E(ep) = E(e;) = E(g,) = E(e,) =0,

E(c2) = (%) {1+ py(n — D)C2 = vy,
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N -1
B(ed) = (S ) 0 +puln - D}CE =,

2

B(e) = (") (1 + pn — D}

_ = 17 ,
X+Xmm) "

2

B(e2) = (") (1 + pun - D) () =

— 1
Beos) = (T ) (14 py(n— DL+ p,(n — V20, C, = v,

N-—-1 L S
E(EOEu) = (W) {1 + py(n - 1)}2{1 + px(n - 1)}%,06}? (ﬁ) = Vow

N-1 1 S
E(eoey) = (") (14 py(n— DL + py(n — DY2C, (Fay) = voe

where p, and p, are the interclass correlations of X and Y respectively. While p is the
coefficient of correlation between X and Y. The variance of the traditional systematic sample
mean y. is

V(Fss) = Y?vp. ©)

The traditional ratio and product estimators (due to Swain [10] and Shukla [7]) are as given
below

@, = Vs [xi] (4)

Gy = Vos | 2], (5)
The MSEs of @, and a, are

MSE(@,) = Y?*[vy + vy — 2vov,], (6)
MSE(@,) = Y?[v, + vy + 2v,14], (7

The traditional regression estimator under systematic random sampling scheme and its MSE as
given by

a'r'eg = yss + b(}? - 'fss) (8)

MSE(afeg) = }72.00(1 - pz)- (9)
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Following Swain [11], one may propose the following ratio and product estimators as given by

a“h?”l = yss (—i)z (10)

Xgs
ahrz = Yss (%)2 (11)
The MSEs of @, and @y, are given by
MSE (@) = Y? [vo + %vl — Um]: (12)

MSE (@nr2) = V2 [vy + % + vou |. (13)

Singh and Solanki [8] family of estimators under systematic random sampling as

X!

_ g _ 5(%' )
Wss1Vss m] T Wgs2 Vss€XP [7 (14)

a.. = e
55 X'+xis

where X' = aX + b and ¥’ = a X, + b. Some members of @, are given in Tablel according to
suitable variable of «, g, &, aand b. The MSE of ag; is

MSE(ESS): }72 + ws%slgﬂ + WSZSZ gC + zwsslwssz cD - zwsslgﬂ - waSZ gE (15)
where
(A=Y?*[1+v, —4aVgvy, + a?*Vig(2g + 1)v,],

_ +1
=Y%2|1—aVgv +Ma’21ﬂv
B dVo1 1

2

_ §(6+2 5212
(C:Y2[1+vo—25Vv01+{¥V2+ 2 }vll

_ n'Vz
(p=Y? l1 +v, —VQRag + 8)vy, + Tvil

_ %4 6(6+2
GE = Yz [1 ——=Vp1 ‘I‘i( )Vzvll
2 8
v=—5_and 4" = [(Qag + 8)? +2(2a?g + §)].

aX+b
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which is minimum for

opt __ l(B(C B chEl opt __ l(ﬂ(ﬂ' B (3(0]_

S Qe — 3 |2 | Qe — 3

The minimum MSE of a is

. o (elBHalR-20nind
MSErmin(ass ) = [Yz e E]

Table 1: Family members of Singh and Solanki [8]

Estimators (a, g, 6 )=(1,1,-1) a b
assl = wsslyss (fi;s) + wsszyss (;is—z) 1 O
3352 = wsslyss (;i:f;x) + Wsso yss (ﬁ) 1 Cx
3353 = Wsslyss ( Sz;f’:jl) + WSSQySS (%) Sx 1
aSS‘l- = wsslyss (%) + Wis2 J_’{ss (%) 1 p
3355 = wssl.)_}ss (%i:fgx) + WSSZ.)_JSS (%) Sx Cx
a\,5'56 = wssl.)_}ss ( P’::':f;x) + WSSZJ_;SS (ﬁ) p Cx
ass’? = wssl.)_’{ss ( P?si':'gx) + WSSZJ_;SS (ﬁ) Sx p

Singh et al. [9] introduced the following estimator under systematic random sampling as

- _ - X
as — [Wslyss + W (X — xss)] (f_”)

The MSE a; is

MSE’(ES) = }_]2 + w521<115 + W522 ng + ZWSIWSZ<CS - ZWSJ_(DS - 2w52<ES’

where

27

(16)

(17)

(18)
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Cas = Y2[1+ Vo +3V; — 4Vq], $ps = X°Vi, oo = XY[2V; — Vp),
{ps = Y2[1+V, — V], {ps = XYV
which is minimum for

opt {esCps—CcslEs opt _ [CasCes—Ccsips

@s1 = [ TasCoo—0, ] @s2 [ Tasls—C2s ]

The minimum MSE of a is

MSEmin(as) = I:}_]Z _ (BS{IZ)S'H:AS(EZ'S_ZECS{DS{ES]
‘37.455785_6(:3
(19)

Now we are adapting Koyuncu [3] estimator to systematic random sampling. Koyuncu [3] class
of estimators under systematic random sampling will be

. _ _ss 14 (2_ _ss)
Ak = |Wnk1Vss+Wnk2 (xXT) ] exp [m
(20)

We generated some member of @, using suitable y,  and &, are given in Table 2.

Table 2: Some family members of Koyuncu [3]

Estimators y n ¢

CX()?_XSS)
}exp{cx(ﬂng)ﬂﬂz(x)} L& AR

B ()X -X%,)
| B ()(X +%,)+2C,

| >
>
=
[
Il
——
L
=
[a
<|
a
J’_
L
=
N
/TN
x|
a
~

N
Ank2 = a)nklyss + @y, EXp

} 1 () C,

z%nka = wnklyss+wnk2(ij exp M} 11 C,

(X +%,)+2C,

A
Ankd =| Oy Yss T Opr

(X_Yss
exp_<i+fss)+2ﬂz(x)} L AW

The MSE @,y is

MSE (@) = Y? + w21 lank + Wi enk + 2Wnit Wnrzlenk — 2Wnk1 $onk — 2WnkaCenk (21)

where

qAnk = }72 1+Uo+%62v’1—5v01 , ank =1 +(b2 +2C!)v1,
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r

_ , b'o 3 6
qcnk: Y 1+(C _—‘I‘Eg )Ul‘l‘(b _E)UOI ,

= 3 6 _ ,

{pnk = Y7 [1 + ggzvl _Evol]r Cenke = Y[1+c'V1],
¢ Yir—1) P _E r_g 2_% r
a === b=y 2,(:—86' , ta.

@, is minimum for

opt _ [(Bnk(an_(an(Enk] opt _ [(Ank(ﬁnk_((?nk (an]
nkl (Ank zB nk™ (énk 1 nk2 (Ank zB nk™ ((z:nk

The minimum MSE of @, is

MSE,;.(@,;,) = [}72 _ (Bnk(lzank"'(Ank‘:énk_z‘:an(an(Enk] 22)

(Ank (Bnk_':(zznk
3. Suggested estimators in absence non-response
3.1 First suggested family of estimators in absence non-response

Mohanty and Sahoo [4] have used transformed supplementary variables as given in (1) and (2).
Koyuncu [3] have suggested an exponential class of estimators. Taking motivation from
Mohanty and Sahoo [4] and Koyuncu [3], we suggest the following class of estimators under
systematic random sampling

s = [+ sy (5 ey 525 2)
(23)
where 1, = % {(ﬁ%)% + (%)%} Some members of ﬁNl are given in Table 3.

Let we express @y in terms of &, and &, as follows

Yoy -1

5 g5 +wy,y(1+,)| (1 — asg, + bef)

~ _ 1
ﬁNl = [Y(l +§E§+Eo)+wlp(1 +]/Eu)+
The bias of ay; is

Bias(ay,) =Y {(b + é) v, — avou} + wip{1 + cv Hwy, {1 + by, — av,,}
(24)
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a a’ yo—1)

(24
a= b=—+—, c=b—ay+
4c2 " 8c? Y 2

=5
The MSE of ay; is

MSE (ay,) = [Ll +wipAa +wipAp + 2W1pWopler — zwlpADl_WZpAEl]
(25)

where

L, = Y?{vy + a?v, — 2av,,}

Ay ={1+ (y—a) v, +2cv,, }

A = Y2{1 + vy + (a? + 2b)v, — 4av,,}

Aoy =Y{1+(c—aly —a)+b)v, + (y — 2a)v,,}
Aor = Platy - ayw, — (b + 5) v+ 22~ Y]

_ 1
Apy = 2Y? {—vo - (az +b+ é) v, + 3avou}

Table 3. Some members of first suggested family

Estimators Values of constants
14 Ck

-~ [ ﬁ,5.',5: — (ﬁss - {_}) 1 Cx
Wi = e T T O | SRV G0 Ty a, - 0)

| x 55
~ [ ﬁ,5:,5: _ (ﬁss — U) 1 P
i@ = [ O [ 02 | S 0 v a, - 0)

| 55
. - Ty L i (i1ss — 0) 1 N
i = [ o (G2 o]\ ) 2

| - 55
~ [ ﬁss 1 _] (ﬁss - {_}) 1 32 (x)
@i = [t oG emy|exp {(Zﬁz U +iigs — D)) 2
) i i 1 i (s — U) 1 N
b =+ on (G oo [ Tt
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1 B

a + w { }3+w ex (s —U)
N1(6) — nu 1pU57 Zpy p (232 (x){—} g, — {—})

aNl(?) Tu + wlp{ = }2 + wz;;y

ENI(S) Tu + wlp{ = }3 + pry

a :_ +w {%}-I—w _]ex (ﬁss_{_})
N1 T [Tt Q1 | 2pY | €XP 20 + i, — U)

PW RN R W R

By minimizing MSE ay; we get the optimum value of w,, w, i.e.

A A
A A C]_ E1l
B1iip1™—

wlopt — [

Aa1Er
—AciApy———5——

t _ 2
and w,?
Ag1hpy Am l Ap1Apy—Acy®

Hence, minimum mean square error ay; i.e.

Apop2 shatfEL
Bi14ip1 C14*D14YE1

MSEmr:n(&Nl ) = [Ll - AAliBl_Azl ]- (26)

3.2. Second suggested family of estimators in absence non-response

Taking motivation from Mohanty and Sahoo [4] and Koyuncu [3], we suggest another class of
estimators as

a\NZ = [nz + mlp {%}y + pr.)_’ss] exp {%} (27)

1 1
()
where n, = ) {(ZH +(7)
Let we express @y, in terms of o, , as follows

yoy—-1
— &

> 22) + wzp}_’(l + EO)I (1—as,

- _ 1
Qyy = [Y(l +§£Z2 +£0)+ w1y (1 +ye, +

+ be,?).
The bias of ay; is
Bias(ay,) = {(b + ) avoz} + w1, (1 + cv,) + w3, Y (14 bu, — avy,). (28)
The MSE of ay; is

MSE (ay,) = [Lz + wlpzAAZ + wZ‘pZABZ + 201, WopAey — 21pApy — mszEz]- (29)
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where

L, = Y%{v, + a?vy — 2av,,},

App = {1 +(y — fl’)zvz + 2cv,},

Mgy = Y2{1 + vy + (a? + 2b)v, — 4av,},

ACZ - Y{l + (C - a(]/ - a) + b)vz + (V - za)v()z}:

Moo =P laty v, — (b - 5) v + @a - Ivad)

_ 1
Ag, =Y? {—vo — (a’z +b+ é) v, + 305192}.

Note that we can generate new estlmators from aNg usmg suitable y, « and ¢, values. For
numerical example we have generated aNz(lj, am@ aNz[g) estimators using the same

constants of y, @ and ¢, in Table 3 respectively.

By minimizing MSE of @y, , we get the optimum values of w4, w, i.e.

Aczﬁa‘z

—AgzApz—

2
ApzApa—Ac

Apafps—
wlopt _
AazAp2 ACZ

landou "pf:l

AazAE2
2

Hence, minimum mean square error @y, i.e.

2
Ngah

2 AZ2LAE2
AppAp,*+—42E2

MSE in (Gyz) = [Ly — Cealoalen) (30)

AazApr—Acy”
4, Non-response

4.1.  Existing and adapted estimators in presence non-response

Strikes and holidays etc. may be the common reasons of non-response, however; issue of non-
response is wider in mail surveys as compare to personal interviews. Hansen and Hurwitz [2]
sub-sampling scheme is a traditional way to handle or reduce the non-response problem. Suppose
the population is divided into response group N;, non-response group N, and ny, n, be their
respected systematic random samples. As n, is a sample of non-respondents so a sub-sample

having size n, = 2 js selected where [ is the rate of inverse sampling i.e. (I > 1).
1

Suppose non-response is present in Y (variate of interest) but not in X (auxiliary variate), Hansen
and Hurwitz [2] unbiased estimator for the estimation of mean of Y under systematic random
sampling as

-

=y MiVn1tNa¥ga
ss a4 (31)

n

g
Z] I ZJ 1 Vij

where Vo1 = and )’gz -

g
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The variance of a.; is

V(&;S) - 1721?0 + (JJSE[Z), (32)
where o = 20,
nN

Traditional ratio and product estimators under non-response with their MSEs are as follows

AL ®
&, = i |2, (34)
MSE (a) = Y?{v}y + v, — 2v94}, (35)
MSE (ap) = Y?{vg + vy + 2vp} (36)
where v{ = vy + @ %

The traditional regression estimator with their MSE under non-response as given by
Greg = Vo5 + DX — %), (37)
MSE (a705) = Y?0,(1 —p?) + wS§ . (38)

Following Swain [11], one can propose the ratio and product estimators using square root
transformation under non-response as follows

=r —1 X2
Apr1 = yss(f_ﬂ)zf (39)
a;11"2 = )_},s{s %)E (40)

The MSEs of a;,,, and aj,., are given by
=y v2 7 1

MSE (apy,) =Y {vo + 01— 15’01}1 (41)
~; T2 ' 1

MSE (&},,) = P2 {vg +2v1 + vos } (42)

Mohanty and Sahoo [4] estimators in case of non-response under systematic random sampling
are as follows



U. Shahzad, M. Hanif, N. Koyuncu, A.V.G. Luengo / Istatistikgiler Dergisi: Istatistik&Aktiierya, 34

2017, 1, 23-39
=y _ =t U = _ =1 |Uss| = _ = Z = _ =t |&ss
Qnsr1 = Vss _E_”a Amspt = Vss [?]a Amsr2 = Vss Z__ss, Ansp2 = Vss [?] (43)

The MSEs of these estimators are given by

MSE(@l,,1) = Y2{v{ + vy — 2v0,.}, (44)
MSE(@p,5p1) = Y v + vy + 2v0,), (45)
MSE(ay,55) = Y2 {vg + v, — 25}, (46)
MSE(@},sp2) = Yo + v, + 200, (47)

Singh and Solanki [8] estimators under non-response will be

i g v/ =
~; s X —r (X —Xss
Ags — Wss1Vss I:m] + Wss2 Vss €XP [E??;”)]! (48)
The minimum MSE of a. is
~ _ P72 70 72 i
MSEan(a,;‘ — [YZ _ (C(B“"ZA(E ZZB(D(E] (49)

Tale—3p
where

Ca = Y1+ vy —4aVguy, — a?V2g(2g + v},

_ §(6+2 52v?
¢ :Yz{l-l—v(’)— 26Vv01+{¥1/2+ 2 }vl

_ "y 2
g, =Y? {1 + vy —V(2ag + 8)vy; + 3 vl}

Singh et al. [9] introduced the following estimator under systematic random sampling in
presence of non response

6 = [0a¥is + 0K ~ £ (50)

The minimum MSE for a. is

- _ 2 172
MSEan(&;) — [YZ _ Ceslhstlasles Z(CS(D.S'(ES]J (51)

(asCs—CEs
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Where q‘qu = }72 [1 + Ué + 315’1 - 4?.?01].

Following Koyuncu [3] we are adapting following class of estimators in case of non-response
under systematic random sampling as

a;m = [wl.)_};s + w; (%)?] €xXp [%] (52)

The minimum MSE of a’,, is

MSEmin(a:lk) — I:}_}Z _ (Bnk(l%nk"’dink(&z"nk_z‘:an{an(Enk]’ (53)

Where (;ﬂ,nk = }72 [1 + Ua + %62'{?1 — 61?01]
4.2. First suggested family of estimators in presence non-response

In this section we propose ay;, @y, and @y estimators under non-response. ay; under non-
response is given by

s = [+ w1y (57) + @] exp [ 255 25 54)
_ .1 1
where n;, = ﬁf {(ﬁ%)z +(3=)h

The minimum mean square error of ay; is

2
4Aa1lEy !
== AciAp1fgy
)

Mg —AZ,

MSE, i (8lyy) = [L’ _ Aaby (55)

where_
L}y = Y {vy + a?v, — 2avy,},
Ny = V{1 + vy + (a® + 2b)v, — 4avy,),

_ 1
Np, =277 {—vo — (a2 +b+ é) v, + 30:1;'0“},
a'ni, AN ..., A'nae) can be generated from @y, using the same constants in Table3.

4.3. Second suggested family of estimators in presence non-response

a’nz2 under non-response is given by

e Z_SS ¥ —

a;\FZ = ln; + Wip (?) + w2py,s{sl exp[
1

(&)

E’Nza),a’m(z),..., é’Nz(g) can be generated from @y, using the same constants in Table3.

a(Zes —
2, (Z + z;5 — Z)

1
2

where ., =2 s’ (Zss)

The minimum mean square error of a'nz is
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2Py + — AcaApo Ay

T 2 ’
AAZABZ - Acz

AAZAEZ
MSE i (@) = |1y — 4

where
L, = Y?{vy + a’v, — 2av,,},
Ny, = Y2{1 + vy + (a? + 2b)v, — 4avy,)},

_ 1
Np, =272 {—vo — (a2 +b+ é) v, + 30:1902},

5.  Efficiency Comparison

Here we perform efficiency comparison for the proposed estimators for (j = 1, 2) by looking at
the MSE of the reviewed estimators as given below

51 In absence of non-response

Observation (1):
MSEin(@y; ) < MSE(a,)

If
2

Ay A%
2 AJTEj
ABjADj + _AC_JAD}AEJ _ }72 [L

4 i
= — (vg+ v, — Zvovl)] =0

AgjAp; — A7 Y?
Observation (2):

MSE pin(@yj ) < MSE(@yreq )
If

2

Apjp; +—=5— — Acjlp;Ag;
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From above observations we can argue that the new estimators perform better than all of the
reviewed estimators. Also we can develop such type of efficiency conditions for the non-
response case.

6. Numerical illustration
For assessing the performance of proposed and reviewed estimators, we use the data set available

in Murthy [5] concerning volume of the timber considered as (Y ) and length of the timber as (X).
Details of the population descriptives are, N = 176, n = 16,

Y =282.61, S, =155.73, X =6.99, S, = 2.95, p = 0.87, p, =~0.0019, p, = ~0.0014

Table 4: PRE of estimators in absence of non-response

Est.  PRE Est. PRE  Est. PRE Est. PRE
Yo 100 Sws 41455 Fye 1121140 Z,, 14276030
a 39790 7., 41466 5., 140810 gz . 24059.29
H., 41433 3 41618 gz, 193801 gz 22338.42
Sa. 20965 g . 35729 gz 418370 g . 4823817
Ao 4149 g o 15799 gz .. 549035 g 5451373
4., 41458 3 31868 5., 2035427 7. 202103.60
4., 41483 4 65436 g, 191607 gz, 2208533
4. Al440 g 60389 7., 539721 g,  53588.54
A5 ga77 ™ s0667 MO 102135 AN 1745357
Table 5: PRE of estimators under non-response for (I=2)

Est.  PRE Est. PRE  Est PRE Est. PRE

Y= 100 Tes 183.68  @yyy 1123601 @y,y  140980.50
a 14979 g, 18391 g, 141276 gz, ~ 23786.80
Areq 401.91 T, 181.75 T i 1920.70 T2 22031.55
Aw 170136 .. 35057 gz, 414628 g . 4757543
T 184.32 T oo 157.31 i) 5425.86 T2 53728.51
a., 18336 g, 41988 gz 2011498 g o 19919201
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7., 18236 T o 456.49 i 1898.96 e 21781.94
., 18237 T s 447.84 T i) 5333.80 T2 52816.64
A= ogga11 B 4678 MO 100474 MO 1725609
Table 6: PRE of estimators under non-response for (1=2.5)
Est. PRE Est. PRE Est. PRE Est. PRE
Y= 100 Tes 183.15  @yyg 1124937 Fy,w  140140.90
a 14952 g 18338 g 141519 g . 2365817
Treq 401.96 7, 181.22 T i 1912.58 a2 21886.09
Ty 17091 g 34734 g 412872 g 4726128
g’SSl 183.78 glmsrz 156.98 a’Nl(S) 5395.38 glNZ(S) 53355.95
., 18322 T 418.98 i) 20001.92 a2 197810.60
a. 18232 gz, 45781 gz 189094 g . 21638.12
T, 18274 g 44902 gz . 530385 g 5245041
A= 18358 ™ 42692 MO 102651 M 1716287
Table 7: PRE of estimators under non-response for (1=3)
Est. PRE Est. PRE Est. PRE Est. PRE
Ys 100 Tes 18262  @yw 1126339 @y,w  139332.80
a 14924 g 18265 g, 141768 g, 2353432
&, 40201 g, 180.70 g, 190480 g . . 2174562
a,hrl 17046 a'msrl 34419 5’N1(4) 411190 g’N 2(4) 4695792
Tt 183.26 T e 156.65 i) 5366.03 a2 52995.99
T, 18261 T 418.11 i) 19892.99 n26) 196475.90
Ts 182.80 T o 459.14 i) 1883.24 o 21499.25
a. 18222 gz, 45019 g 527499 g . 5209656
2, 183.05 2, 427.06 2, 1028.32 -, 17073.12
a'ss5 a nk4 a’'N1(9) a N2(9)
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10 % weight is assumed for non-response. So numerical results are provided only for 10
% percent weight of missing values and consider last 18 values as non-respondents.
Further, we check the proposed and existing estimators on different choices of | i.e (I = 2,
2.5, 3). Some important results from the population of non-respondents are as follows:
55(2) = 41.46; Y, = 182.61 and N2 = 18. The PREs of all the ratio type proposed and

existing estimators available in Table 4-7.

For absence of non-response, PRE(.) = Mxmo
MSE(.)
For presence of non-response, PRE(.) = Mxloo
MSE(.)

For non-response problem we take 10% values as non-response with different choices of |
i.e (=2, 25, 3). By assuming all these choices we see that the PREs of the proposed and
reviewed estimators are not really affected. No doubt, numerical results are not same on
all these percentages of weights but the behavior of the numerical results is same in all
situations.

7. Conclusion

In this study, we have proposed two new classes of estimators for estimating population mean
in systematic random sampling scheme alongside the non-response problem. Some members of
two new classes are developed. We determine the properties of the proposed families of
estimators. Theoretical efficiency conditions are also performed under which proposed families
of estimators perform better as compared to reviewed ones. On the premise of results given in
Tables 4-7, we conclude that the proposed classes of estimators are preferable over its
competitive estimators under systematic random sampling scheme. Hence, it is advise-able to
use the proposed classes of estimators.
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