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On the Effectiveness of Centering, Interpolation and
Extrapolation in Estimating the Mean of a Population
with Linear Trend

Hyuk Joo Kiml) and Sun-Ju Jung?
Abstract
We apply the techniques of interpolation and extrapolation to derive a new
estimator based on centered modified systematic sampling for the mean of
a population which has a linear trend. The efficiency of the proposed

estimation method is compared with that of various existing methods. An
illustrative numerical example is given.

Keywords : Centered modified systematic sampling, Extrapolation,
Infinite superpopulation model, Interpolation, Linear trend.

(precision)

(trend)

(systematic sampling) : (linear trend)

(ordinary systematic sampling: OSS) M adow (1953)

1. Professor, Division of Mathematics and Informational Statistics & Institute of Basic
Natural Science, Wonkwang University, Iksan, Jeonbuk, 570- 749, Korea.
E-mail : hjkim@wonkw ang.ac.kr

2. Graduate Student, Mgor of Mathematics Education, Graduate School of Education,
Wonkwang University, lksan, Jeonbuk, 570- 749, Korea.



366 Hyuk Joo Kim - Sun-Ju Jung

(centered systematic sampling: CSS), Sethi(1965) Murthy (1967)

(balanced systematic sampling: BSS), Singh (1968) (modified
systematic sampling: M SS)
Kim (1985) k , CSS M SS

(centered modified systematic sampling: CMSS) , CSS BSS
(centered balanced systematic sampling: CBSS)
CMSS CBSS MSS BSS ,
n MSS BSS
0SS CSS 0SS

(centering)’

n 3 , kK M SS
(interpolation) (extrapolation) (MIE)
Kim  Oh(2002)

MIE M SS
MIE
CMSS
, MIE
2.
N N U, Uy, =, Uy
n ’
N n

k= N/n

n

Si= | Uivg- o tI= 1,2,-,n/2} U1 Unsi-i- -k )= 1,2,0,n/2}

n

S'i: { Uik =142, (n+ D/2} U{ Unst-i-g-nk-)=21,2,=,(n- 1)/2}
N=28, n=7, k=4 S 1= { Uy UsUg Uy Uy Uy Uy 1,

3'2: { Uy, U,

Up Uy U Uz Uz}, S3= { U Us Uy Ugs U Upp Uss



On the Effectiveness of Centering, Interpolation and Extrapolation 367
in Estimating the Mean of a Population with Linear Trend

S,= | Uy Ug Up U Uy Uy,

CMSS .1 Kim (1985)
MSS CSS , MSS .k
S (k+ 112 CMSS CSS
: k .k
V2 Swz  Skze1
_Y ycm ycm
— 1 J— J— J— J—
MSE( Yem)= 5{( ¥ o Y)*+ ( ¥V wor1- Y)7}
(21)
yi S (i=1,2,,Kk).
yi I lJI (|: 1121 1N )
___1 N
Y= N = 1yI
Y i S, j (i=1,2,---,k;j=1,2,--,n)
, N
y:ij:)Ii+(j-1)k (j=1,2,-+,n/2)
Yi=YN+1-i-(n-pk= Y- i+ (J=n/2+1,n/2+2,:-,n)
n
y:ij:yi+(j-1)k (j=12,,(n- /2, (n+ 1)/2)
Y i=Yner i m-pk= Y1 (0= (n+3)/2,(n+5)/2,--,n)
y'.:_liy'_ : S'. (i:12"' k)
1 nj:1 - 1 1 1 ’
k n 3 Y
. N=28, n=7, k=4
CMSS S, S, .S, S,
101 102

n



368 Hyuk Joo Kim - Sun-Ju Jung

n 1
S, Y2 Y25 ' S'3 Y3
Y25
Slz Y2 Y Y25
Yos (1/8)(7y,+ Ye) . Yo Y
— 1 c1
y » = ?{_8(7)’2"')’6)"')’6"')’10"' Yut Yot Yot YZ7}
= Yot = (Ve V2
2 56 6 2
2.2)
.2 S, %
Y= Vot n- i)
2 2 56 22 21
23)
S, Ya Y7 : yos  (18)(9ys- yy)
l y3 _Y

—x 1rl
y 3 = 7{5(9)’3' Y2)t Yt Yutyst Y18+YZ2+y26}

1
Y3 55 (Y7- Va)

J— 1 . .
Y 3- 56 (Y2 - Ya1)

(24)



On the Effectiveness of Centering, Interpolation and Extrapolation 369
in Estimating the Mean of a Population with Linear Trend

N=28,n=7 k=4 k n 3
CMSS
1/2 S;</2 SL/2+1
Y Sk2

— %

— 1 . .
Y 2= Yk/z"'m( Y w22 = Y w21)

(255)
’ S'k/2+ 1
— _ — 1 s s
Y w2+1= Y w2+1- W( Y w2+12 - Y we+11)
(26)
CMIE(‘centered modified systematic sampling’ ‘interpolation’
‘extrapolation’ ) CMIE % Y emie
1 CMIE Kim Oh(2002) MIE
y cmie
— _ 1 — % J— 2 — % — .2
MSE( YCmie)_ E{( Y w2~ Y ) + ( Y wa2+1- Y) }
(2.7)
3.
Cochran(1946) (infinite superpopulation
model) y cmie
yi:#i+ei (|: 1121.“1N)
3.1)
2 i e E(e)=0, E(e)=o0?2

E(eig)=0 (i#] ) K



370

©,=a+ bi(a

Hyuk Joo Kim - Sun-Ju Jung

y
___1 N
M= N Izzlﬂl
L= fivg-ox (= 1,2,-,(n+ 1)/2) (n: )
- - Lls
M= n j:zlﬂ ij
s — 1 . .
K ow2= KTt W( KM oxiz2 - M k/2,1)
= s g (# <tz
M ok2+1= M2+ 2nk M w2+ 1,2 M ok2+1,1
(2000) 51
’ ycmie
A= d(Un- 1UN) ( ),k , n 3

— 1 — % — — % —
E'\ASE(ycmie):E{( #owzs )+ f waen- #)2}"'A"'L

2n2k?
(3.2)

b . b=0)

yi=a+bi+e (i=1,2,,N)
(3.3)



On the Effectiveness of Centering, Interpolation and Extrapolation 371
in Estimating the Mean of a Population with Linear Trend

= a+ (b/2)(N+ 1) 7 = a+ (b2)(N+1)(i=1,2,...,Kk)
1
2. (33) ’ ycmie
EMSE (Yeme) = A+ — 5z (ki n:3 ) (34)
4.
ycmie
Y
_Y L
%
4.1
% (simple random
sampling: SRS), OSS, CSS, BSS, MSS Kim(1985) CMSS
CBSS, Fountain Pathak (1989) (centered modified
sampling: CMS) (centered balanced sampling: CBS)
(two-end sampling: TES) .ok n
EMSE(Y) = A + b%f(n,k) 4.1)

f(n,k) n k



372 Hyuk Joo Kim - Sun-Ju Jung

5 (nk+ 1)(k- 1) (SRS )
2wy (0SS )
(k) = ooz (K- 1) (MSS, BSS )

= (css )
1 4.2)
i (CMSS, CBSS, CMS, CBS, TES i

b
(4.1) .
CMIE 34) (41, 42

EMSE( Y ome) EMSE( Y)

o <2b? n?k?*f (n, k) (4.3)
. (33) s
CMIE
N =300, n= 25, k= 12 b 0.7
CMIE SRS 0% <24,335,850 0Oss
o <1,051,050 , CSS 0° <22,050 , MSS
BSS 0°<1,681.68, CMSS, CBSS, CMS, CBS, TES
o° <35.28
4.2
Y
Y
b
(1) (end corrections: EC) (Y ates, 1948)

271,2
= ()
EMSE( Yo )= A+ 6i2(n_ % (4.4)

(2) MSS (M1) (Kim, 1998)



On the Effectiveness of Centering, Interpolation and Extrapolation
in Estimating the Mean of a Population with Linear Trend

EMSE( V)= A + ‘7;2(4-12Ak+6k5k-k—12)
(3) MSS (MIE) (Kim  Oh, 2002)
J— 2 -
EMSE( Y o) = A + 0 LC = 1)
6n°k
(4) BSS (B1) (Kim, 2000b)
EMSE( y5)= A+ 77 (1- 4A, + 2kB))
(5) BSS BIE) (Kim, 1999)
EMSE( yyo)= A + 2‘;22 (1- 7- 2In2+ C,)
(6) CMSS (CM1) (Kim  Choi, 2002)
— c rl 1
EMSE V= A+ 1,1
( ycm|) 4n2 {kz (k+ 1)2 }
(7) CBSS (CBI) ( , 2000)
2
- _ )
EMSE( y )= A+ 2n2(k+ 1)2
(8) CBSS (CBIE) (Kim, 2000a)

2
— 1 1
EMSE N=A+-9 [
S (YCble) + 4n21_(k- 1)2 + (k+ 1)2}

, (43), (47), (4.8)

373

(4.5)

(4.6)

(4.7)

(4.8)

(4.9)

(4.10)

(4.11)



374 Hyuk Joo Kim - Sun-Ju Jung

Avs g {Ecs 5y - BEGh)
T LA DRI AL C )

co= £ L ZQT“)(k+%)}- Tk+ <)

¥(x) = d—cj( InI(x) (x>0) : polygamma

I(x) = fo " Le” 'dt (x>0) : gamma

7 (x) = - T(x)

y= 0.577215...... . Euler
< 1>, < 2>, < 3> k=8, 12,20 n
CMIE EMSE(- ) ¢ .
CMI, CBI, CBIE, CMIE EC, MI, MIE, BI,
BIE (k n
).
(centering) .
k n Ald® , A
1 @ (Un- 1UN) (completely
trend-free sampling method) , k CSss n
MSS BSS : CMI, CBI,
CBIE, CMIE A

< 1> k=8 EMSE( Y &



On the Effectiveness of Centering, Interpolation and Extrapolation 375
in Estimating the Mean of a Population with Linear Trend

n EC MI MIE Bl BIE CMI CBI CBIE | CMIE |A /&7

5| 1853 | .1794 | .1816 | .1773 | 3065 | .1753 | .1752 | .1753 | .1753 | .1750

25| 0353 | .0352 | .0353 | .0351 | .0403 | .0350 | .0350 | .0350 | .0350 | .0350

55 | .0160 | .0159 | .0160 | .0159 | .0170 | .0159 | .0159 | .0159 | .0159 | .0519

105| .0083 | .0083 | .0083 | .0083 | .0086 | .0083 | .0083 | .0083 | .0083 | .0083
< 2> k=12 EMSE (- ) ¢’
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5| 1936 | .1877 | .1899 | .1855 | .4054 | .1835 | .1835 | .1835 | .1835 | .1833

25| .0370 | .0369 | .0370 | .0368 | .0456 | .0367 | .0367 | .0367 | .0367 | .0367

55| .0168 | .0167 | .0168 | .0167 | .0185 | .0167 | .0167 | .0167 | .0167 | .0167

105/ .0087 | .0087 | .0087 | .0087 | .0092 | .0087 | .0087 | .0087 | .0087 | .0087
< 3> k=20 EMSE(- ) &

n EC MI MIE Bl BIE CMI CBI CBIE | CMIE |A /G

5| 2004 | .1945 | 1967 | .1923 | 5993 | .1900 | .1900 | .1901 | .1901 | .1900

25| 0383 | .0382 | .0383 | .0381 | .0544 | 0380 | .0380 | .0380 | .0380 | .0380

55| .0174 .0173 0174 0173 0207 0173 0173 0173 .0173 0173

105/ .0090 | .0090 | .0090 | .0090 | .0100 | .0090 | .0090 | .0090 | .0090 | .0090
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